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Land reauulLc:  UQLQ 1 1 ~ 3  been ex t r ac t ed  on a percent  
of c e l l  b a s i s  from ERTS imagery, R B - 5 7  c o l o r  i n f r a r e d  
imagery and b e s t  a v a i l a b l e  convent ional  sources  f o r  
a 1 0 , 0 0 0  square k i lometer  t e s t  a rea  i n  e a s t e r n  
Wisconsin. 

F i r s t ,  t h e  d a t a  from t h e  t h r e e  sources  i s  compared 
on a s p a t i a l  b a s i s  f o r  a 300  square k i lometer  p o r t i o n  
o f  t h e  t e s t  a r e a .  For those  land resource  v a r i a b l e s  
a s s o c i a t e d  w i t h  cover ,  ERTS derived r e source  d a t a  
compared favorably  wi th  both t h e  R B - 5 7  and conven- 
t i o n a l  da t a .  In  t h e  case  of  those v a r i a b l e s  which 
change wi th  r e spec t  t o  t ime and are  no t  r e g u l a r l y  
monitored by convent ional  means, the  ERTS der ived  
d a t a  i s  s u p e r i o r  t o  convent ional  da ta .  

Second, t h e  e f f e c t  of t h e  d a t a  source on l and  use  
d e c i s i o n s  i s  examined. Three i n t e r s t a t e  highway 
c o r r i d o r s  a r e  loca t ed  through t h e  same reg ion  based 
upon d a t a  e x t r a c t e d  from each of  the  t h r e e  sources .  
A p o l i c y  of  p re se rv ing  n a t u r a l  environmental  systems 
was used as a b a s i s  f o r  t h e  c o r r i d o r s  s e l e c t i o n  i n  
each case .  The r e s u l t i n g  t h r e e  c o r r i d o r s  compare 
f avorab ly .  
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ABSTRACT 

The need f o r  t h e  development and implementation of 
methods f o r  t h e  d e t e c t i o n ,  inventory and monitor ing 
of land  resource  v a r i a b l e s  i s  r e f l e c t e d  i n  p r e s e n t  
and pending f e d e r a l  and s t a t e  l e g i s l a t i o n .  ERTS 
can provide  an o p e r a t i o n a l  d a t a  source f o r  many of 
t h e  s ig :  ;e v a r i a b l e s  a t  t h e  p o l i c y  
l e v e l .  

INTRODUCTION 

The urban popula t ion  growth, t h e  demands of  popula t ion  c e n t e r s  
f o r  r e c r e a t i o n a l  r e sources ,  t h e  growing need and concern f o r  
environmental  resource  p lanning ,  a l l  d i c t a t e  t h e  need f o r  
b e t t e r  d a t a  i n  t h e  land use planning process ,  This  need f o r  

and management d a t a  base i s  crucial  t o  t h e  economic f u t u r e  
f o r  an a s s u r i n g  q u a l i t y  o f  l i f e ,  A t  p r e sen t ,  t h e  r eg iona l  
d e c i s i o n  maker t y p i c a l l y  l a c k s  r e l a t a b l e  b a s i c  information on 
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the use, the composition, character, and the temporal change 
of the region. The most basic forms of these data, such as 
the extent of vegetation cover, wetlands distrib~tion, urban 
growth and the ecological well-being of the landscape are 
examples of data that have been traditionally unavailable in 
formats airectly useable in the regional planning process. 
The results of this study, while clearly demonstrating that 
ERTS-generated information will not be a panacea for all 
regional planning data needs, does offer a technique by which 
the data acquisition process can be significantly improved, 

METHOD OF INVESTIGATION 

The investigation was conducted in three basic phases. The 
first phase consisted of the determination of which land use 
variables could be extracted from ERTS and RB-57 images. The 
second phase consisted of the quantitative and spatial comparison 
of land resource variables extracted from ERTS, RB-57 and 
available conventional data sources. The third phase, which 
is still under investigation, compares the spatial effects of 
the data sources on land use planning decisions. 

Te-ite 

Thel%rincipal test site employed in the investigation, called 
REMAP-I, consists of a 10,000 square kilometer area between 
MilkBukee and Green Bay, Wisconsin, shown in Figure 1. A 
smaJl,er portion of the area, the 10 x 30 kilometer Sheboygan 
Test Site, was employed in some of  the analyses. A computer- 
based data bank had been developed for REMAP-I area by the 
Enucronmental Awareness Center of the University of Wisconsin 
f r m  conventional data sources to assist the Wisconsin Department 
of Transportation in the location of a corridor for Interstate 
5 3 , a ~  Thirty-eight land resource variables, made up of 132 data 
items, are stored for each 1 km cell in REMAP-I on a percent- 
of-Cell basis. The cells are spatially organized on a UTM 
b$.se. Any combination of variables, which can be individually 
weighted, can be developed as a spatial density printout for 
comparisons with ERTS and RB-57 derived information. Figure 2 
shows a sample printout for the variable "Existing Agricultural 
Land Use." Figure 3 illustrates the use of the REMAP-I data 
base to generate a spatial density printout of the study area 
employing a particular policy. The policy illustrated in 
Figure 3 is environmental impact. All variables which relate 
to environmental considerations are weighted high. The resulting 
lighter areas should be protected under this policy. The policy 
can be modified by changing the weights assigned to the variables. 

In the construction of the REMAP-I data bank significant diffi- 
culties were encountered. These centered on the non-availability 
of compatible data sources. The "best available" sources of 
appropriate data varied in format, scale, accuracy, vintage, 
controlling agency and spatial reference. The cost of data 
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: t r a c t i o n  from t h e s e  v a r i e d  sources  was e s t ima ted  a t  $ 1 0  pe r  
!11 or  $ 1 0 0 , 0 0 0  f o r  t h e  e n t i r e  10,000 c e l l  REMAP-I a r e a .  

i t e r p r e t a t i o n  Technique 

n v e n t i o n a l  a i r  photo i n t e r p r e t a t i o n  techniques were employed 
) e x t r a c t  d a t a  from t h e  ERTS and RB-57 images. Nine-inch 
-ansparencies  were used f o r  both EKTS and RB-57 sources  a s  
ie b a s i c  image format .  Data e x t r a c t i o n  on a p e r c e n t - o f - c e l l  
isis was made us ing  a zoom s te reoscope .  A 1 km c e l l  g r i d  was 
iperimposed on t h e  imagery by naviga t ion  w i t h  r e s p e c t  t o  
Len t i f i ab le  f e a t u r e s  on t h e  imagery. Ext rac ted  d a t a  were 
?ypunched and inpu t  t o  t h e  computer data  bank. 
is fol lowed f o r  each v a r i a b l e  i d e n t i f i a b l e .  An ERTS-1 
i t e r p r e t a t i o n  Matrix was prepared which l i s t s  t h e  REMAP-I 
i r i a b l e s ,  d a t a  and coverage i n t e r p r e t e d ,  t h e  band employed, 

T h i s  procedure 

a c l a s s i f i c a t i o n  of i d e n t i f i c a t i o n  by d i f f i c u l t y ,  and t h e  image 
format and d a t e  most appropr i a t e  f o r  each v a r i a b l e  i d e n t i f i c a t i o n .  
This  mat r ix  i s  viewed a s  incomplete a t  t h i s  time due t o  inadequate  
sp r ing  and f a l l  ERTS coverage caused by poor weather cond i t ions .  

SPATIAL COMPARISONS OF VARIABLES 

F igures  4 ,  t i a l  comparison of t h r e e  
of t h e  land le Sheboygan Test S i t e ,  a 
1 0  x 30  k i l  .P-I d a t a  bank. The f i g u r e s  
are compute tnced q u a n t i t a t i v e  i n f o r -  
mation as d e r i v e a  rrom ~ I J  ~ ~ 1 3 - 1  m u l t i s p e c t r a l  imagery, ( 2 )  
RB-57 h igh  a l t i t u d e  c o l o r - i n f r a r e d  photography, and ( 3 )  t h e  
REMAP d a t a  bank cons t ruc t ed  from convent ional  sources .  Each 
c e l l  i s  one i lometer  i n  s ize ,  s p a t i a l l y  r e fe renced  t o  
t h e  UTM s y s t  d e n s i t y  of t h e  symbol p r i n t e d  i n  each c e l l  
i n d i c a t e s  t h  
i n  ques t ion .  h t h e  s p a t i a l l y  represented  a r e a s  a r e  given 
t h e  t o t a l  a r e a  occupied by each resource a s  determined from 
each d a t a  source .  Numbers of occurrence and a r e a s  f o r  each 
of t h e  t h r e e  d a t a  sources  a r e  presented f o r  each l e v e l  of 
occur rence .  

t age  of t h a t  c e l l  occupied by t h e  resource  

Figure 4 ,  t h e  p r i n t o u t  f o r  t h e  v a r i a b l e  "Agrici3lture ,It shows 
t h e  s p a t i a l / s t a t i s t i c a l  comparison f o r  t h e  amount of land  i n  
t h e  Sheboygan Tes t  S i t e  devoted t o  a g r i c u l t u r a l  l and  use  ( land 
used d i r e c t l y  o r  i n d i r e c t l y  f o r  t h e  growth of  food p roduc t s ,  
inc luding  c rop ,  animal and p o u l t r y  farming; i nc ludes  both  crop 
land  and g raz ing  l a n d ) .  There i s  e x c e l l e n t  agreement among 
a l l  t h r e e  d a t a  sources  and ERTS imagery i s  u s e f u l  f o r  the,  
de te rmina t ion  of lands  devoted t o  a g r i c u l t u r a l  u se .  Because 
of t h e  cont inuing  change i n  t h e  use of a g r i c u l t u r a l  l a n d s ,  
t h e r e  i s  a r e a l  need f o r  monitoring t h i s  v a r i a b l e  on a 
r e g u l a r  b a s i s .  

F igure  5 ,  t h e  v a r i a b l e  "Forest, '! shows s p a t i a l j s t a t i s t i c a l  
comparisons f o r  t h e  land covered wi th  f o r e s t s  ( those  land  a r e a s  
wi th  a t  l ea s t  50% t r e e  canopy cove r ) .  "Upland Fores t  and Lowland 
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Forest"  were t r e a t e d  a s  s e p a r a t e  v a r i a b l e s  i n  t h e  o r i g i n a l  
REMAP-I and RB-57 d a t a  e x t r a c t i o n s ,  but  a r e  combined i n t o  t h e  
one c a t e g o r y  "Forest" i n  t h e  c a s e  of ERTS. There i s  reasonable  
agreement among a l l  t h r e e  d a t a  s o u r c e s ,  but  it should be 
emphasized t h a t  t h e  ERTS i n t e r p r e t a t i o n  c o n t a i n s  l e s s  d i s c r e t e  
information t h a n  R B - 5 7  and KEMAP-I. 
ERTS d e r i v e d  d a t a  could be r e f i n e d  by (1) coverage over  an 
e n t i r e  season,  and (2) more s o p h i s t i c a t e d  methods of  d a t a  
e x t r a c t i o n .  

I t  i s  p o s s i b l e  t h a t  t h e  

F i g u r e  6 ,  t h e  v a r i a b l e  "Open Water and Wetlands," shows t h e  
s p a t i a l / s t a t i s t i c a l  comparisons f o r  land  covered w i t h  open 
water and wet lands.  Four resource  v a r i a b l e s ,  " r i v e r s  ,If " lakes  ,'I 
"lakes s m a l l e r  than  50 a c r e s , "  and "open wet lands,"  were i n d i -  
v i d u a l l y  analyzed f o r  ERTS, RB-57 and REMAP. For t h e  purposes  
of  t h i s  comparison t h e y  were combined t o  y i e l d  t h a t  component 
of  t h e  land  covered by open water  ( r i v e r s  and l a k e s )  and wet lands 
( p r i n c i p a l l y  a r e a s  occupied by such b i o t i c  communities as t h o s e  
dominated by g r a s s e s ,  sedges ,  emergent a q u a t i c s ,  dogwoods, 
shrubwillows, and a l d e r s ) .  There i s  reasonable  agreement 
between ERTS and R B - 5 7  i n  i d e n t i f y i n g  t h e  major open water and 
wetland a r e a s  i n  t h e  t e s t  s i t e .  However, i n  many c a s e s  where 
only a small percentage  of each c e l l  i s  occupied by open water  
and/or  wet land,  d e t e c t i o n  was n o t  made on t h e  ERTS imagery, as 
shown by t h e  number of occur rences .  

I t  can be seen  t h a t  t h e r e  i s  n o t  a good agreement between t h e  
REMAP a r e a s  and t h e  R B - 5 7  and ERTS a r e a s  f o r  open water and 
wet lands.  In, o r d e r  t o  i n v e s t i g a t e  t h e  p o s s i b l e  reasons  f o r  
t h i s  d i screpancy ,  a f i e l d  check was undertaken.  I t  showed 
t h a t  many a r e a s  c l a s s i f i e d  as "open wetlands" i n  t h e  REMAP d a t a  
bank a r e  now covered by "lowland f o r e s t "  t r e e  s p e c i e s .  
a r e a s  a r e ,  t h e r e f o r e ,  shown a s  " f o r e s t "  on t h e  ERTS and R B - 5 7  
p r i n t o u t s  and a s  "open wetlands" on t h e  REMAP p r i n t o u t .  When 
p r i n t o u t s  f o r  "lowland f o r e s t "  and "open wetlands" were compared 
f o r  R B - 5 7  and REMAP, i t  i n d i c a t e d  t h a t  t h e  t o t a l  areas of 
"lowland f o r e s t "  p l u s  "open wetlands" are q u i t e  c l o s e  f o r  t h e s e  
two d a t a  sources .  

Such 

WETLANDS VERIFICATION 

Var i a  b 1 e T o t a l  Km2 as d e r i v e d  from 
ERTS R B - 5 7  REMAP 

Open Wet l a n d s  10.8 9 . 2  20.8 

WETLANDS VERIFICATION 

Var i a  b 1 e T o t a l  Km2 as d e r i v e d  from 
ERTS R B - 5 7  REMAP 

Open Wet l a n d s  10.8 9 . 2  20.8 

Lowland F o r e s t  31.9 18.9 

TOTAL 4 1 . 1  39.7 

T h i s  example p o i n t s  c l e a r l y  i l l u s t r a t e s  t h a t  (1) l a n d  cover  
changes wi th  time and 40-yearyold d a t a  a r e  probably  inadequate ,  
( 2 )  f i e l d  checks a r e  an e s s e n t i a l  p a r t  of remote s e n s i n g  d a t a  
e x t r a c t i o n  s t u d i e s ,  and (3) r e s o u r c e  d e f i n i t i o n s  must be 
c a r e f u l l y  drawn. 
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EFFECT OF DATA SOURCE ON LAND USE DECISIONS 

A s p a t i a l  comparison of  d a t a  der ived  f r o m  t h e  t h r e e  sou rces ,  
a l though va luab le ,  does no t  approach the  more fundamental 
ques t ion  of how t h e  source of t h e  d a t a  a f f e c t s  t h e  d e c i s i o n s  
based upon t h e  da t a .  

In. o rde r  t o  approach t h i s  ques t ion ,  Pol icy  Models were e s t a b -  
l i s h e d  f o r  t h e  Sheboygan Tes t  S i t e  f o r  each of  t h e  t h r e e  d a t a  
sources .  This  was accomplished by resource d i s c i p l i n e s  
a s s ign ing  weights t o  each v a r i a b l e  according t o  i t s  s i g n i f i -  
cance wi th  r e s p e c t  t o  t h a t  po l i cy .  Figure 7 shows t h e  p r i n t o u t  
f o r  t h e  Po l i cy  Yinimum Environmental Impact f o r  each of t h e  
d a t a  sources .  dense ce l l s  r ep resen t  those  a r e a s  
which have a 1 i v i t y  t o  impact and should be avoided 
under t h i s  Po: t h a t  i f  t h e r e  a r e  d i f f e r i n g  opin ions  
o r  changes i n  percepr ion  over  v a r i a b l e  weights t o  be ass igned  
t o  a p o l i c y ,  t h e  s p a t i a l  e f f e c t  of  a change of weights  o r  
p o l i c y  can be quick ly  examined. 

The ERTS model i s  based upon f i v e  v a r i a b l e s ,  t h e  RB-57 model 
upon e i g h t  v a r i a b l e s ,  and t h e  REMAP-I model upon a l l  38 
v a r i a b l e s .  This  re f lec ts  t h e  vary ing  degree of d i s c r e t e n e s s  
of t h e  r e s p e c t i v e  data  sources  and t h e  g r e a t e r  dependence upon 
varying sour  -ed f o r  REMAP I .  

In  o rde r  t o  examine the e f fec t  o f  t h e  th ree  d a t a  sources  on 
land  u s e  d e c i s i o n s ,  a computer op t imiza t ion  program was 
developed which s e l e c t s  an i n t e r s t a t e  highway c o r r i d o r  through 
t h e  t e s t  s i t e  based upon minimum environmental impact a s  
e s t ab l4shed  by t h e  p o l i c y .  These c o r r i d o r s  a r e  shown i n  
Figure 7 a s  t h e  dark  l i n e s .  

Although t h i s  p o r t i o n  of t h e  i n v e s t i g a t i o n  i s  only p re l imina ry ,  
an examination of Figure 7 r e v e a l s  some i n t e r e s t i n g  f e a t u r e s .  
F i r s t , ,  a l l  t h r e e  sources  produce c o r r i d o r s  which a r e  q u i t e  
similar.  Second, as t h e  d a t a  become.more d i s c r e t e ,  t h e  c o r r i d o r s  
become less d i r e c t .  A s i g n i f i c a n t  amount of  i n v e s t i g a t i o n  
remains t o  be done on t h i s  ques t ion ,  p a r t i c u l a r l y  on t h e  
o p t i m i z a t i o n  of t h e  d a t a  base  using each source f o r  t hose  
v a r i a b l e s  f o r  which t h a t  source  i s  most appropr i a t e .  

I 

STATE LAND INFORMATION SYSTEM 

In  o r d e r  t o  meet t h e  d a t a  needs of  t h e  land use  planning process  
it i s  necessa ry  t h a t  four  key elements be represented .  These 
a r e  shown d iag rama t i ca l ly  i n  Figure 8 .  F i r s t ,  t h e r e  must be 
a h i e r a r c h y  of d a t a  sources ,  inc luding  e a r t h  resources  s a t e l l i t e s .  
Second;the d a t a  needs and d e f i n i t i o n s  must be e s t a b l i s h e d  by 
t h e  u s e r  groups.  Thi rd ,  t h e  l e g i s l a t i v e  support  must be provided. 
Four th ,  an information system must be designed t o  be respons ive  
t o  a l l  t h e s e  elements .  These components must be dynamic and 
respons ive  t o  s o c i a l  and t echno log ica l  change. 
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PRELIMINARY CONCLUSIONS 

1. Land resource data/information, regardless of source, must 
be spatially referenced to be of maximum value for planning. 

2 .  It is essential to establish precise definitions of 
critical land resources and the parameters which determine 
them in terms of measurement techniques economically available. 

3 .  It is essential to establish precise criteria and data 
required for the establishment and measuring of the relative 
quality of critical resources. 

4 .  ERTS derived data/information is potentially superior to 
conventional land use data for those items (1) which change 
rapidly with time, and ( 2 )  for which conventional data is 
not available. 

5. For broad land cover assessments, data derived from ERTS 
by non-sophisticated methods is sufficient for initial resource 
assessments at the state or regional policy level. 

6 .  More specific land resource information is available from 
ERTS if machine-based analysis techniques are employed. 

7. Machine-based data extraction systems should be interactive, 
employing the man to identify and the machine to analyze and 
measure. 

8 .  A state or regional data/information system must encompass 
a hierarchy of data sources including satellites, high-altitude 
aircraft, low-altitude aircraft, and ground-based surveys. 

9. ERTS has provided a focus from which the regional land use 
planning data/information problem can be approached. 

10. Any effort directed toward the implementation of a data/ 
information system for regional land use planning must be 
multidisciplinary. 

11. It is essential to integrate development funds from multiple 
sources in order to develop and implement a comprehensive data/ 
information system for state and regional planning. 

12. The effective implementation of a state or regional data/ 
information system requires the assignment of responsibility, 
authority and funds to a single agency. 

13. The successful implementation of a state or regional data/ 
information system requires interagency cooperation and may 
require interagency reorganization. 
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FIGURE 1. REMAP-I TEST S I T E .  
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FIGURE 3. POLICY MODEL - 
WEIGHTED TOWARDS ENVIRONMENTAL 
CONSIDERATIONS 
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€QTS-l I N V F S T I G I T I O N :  CONTRACT 8 NAS 5-21759 
ENVIRON.  M O N I T O R I N G  AN0 A C Q U I S I T I O N  GROUP 
I N S T I T U T F  F O R  ENVIRONMENTAL STUrJTES 
U N I V E R S I T Y  OF YTCCONSIN - MAOISON 

UT H 
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FIGURE 4. AGRICULTURAL LAND USE 
ERTS and RB-57 INTERPRETATIONS vs - 
REMAP-I DATA BANK 
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ENVIRON. Y O N I T O R I N G  AND ACQUIS IT ION GROUP 
T Y S T I T U T F  FOR ENVIRONMENTAL STUQTES 
UNIVERSITY OF YTtCONSIN - ?fAOISON 
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FIG:TRE 5. FOREST LAND COVER 
ERTS and RB-57 INTERPRETATIONS 
vs REMAP-I DATA BANK - 

435 



FRTS-1 I W E S T I G 4 T I O N :  CONTRACT # NAS 5-21754 
ENVIRON-  M O N I T O R I N G  AN0 A C Q U I S I T I O N  GROUP 
I N S T I T U T €  FOR ENVIRONMENTAL STUDIES 4 4 UTP 
U N I V E R S I T Y  OF Y I q C O N S I N  - MADISON 1 1 
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FIGURE 6. OPEN WATER AND WETLANDS 
ERTS and RB-57 INTERPRETATIONS 
vs REMAP-I DATA BANK 
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EQTS-1 INVFSTIGbTION:  CONTRACT # NAS 5-21759 
ENUIRON. HONTTORING AND A C Q U I S I T I O N  GROUP 
I N S T I T U T F  FOQ ENVIRONMENTPL STUDIES 
UNIVERSITY O F  YTCCONSIN - MADISON 

SHEROYGII N: TEST S I T E  
VPRIABLE ECOLOGICAL SYSTEM 
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FIGURE 7. 
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DATA / INFOUMATlON SYSTEMS 
- 

STATE GROUPS 
DET E R M l N  I NG INFORMATION LEGISLATIVE 
DATA/ INFORMATION * SYSTEMS REQUIREMENTS 
NEED 

I 

I DATA / I N F O R M A T I O N  FOR 
STATE/REGIONAL ASSESS- 
MENTS, P L A N N I N G  A N D  
MANAGEMENT OF THE 
STATE L A N 0  RESOURCES I 

FIGURE 8 .  DATA/INFORMATION AND LEGISLATIVE REQUIREMENTS 
FOR STATE INFORMATION SYSTEMS 
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