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ABSTRACT 

Geographic i n fo rma t ion  systems and remote s ens ing  techniques  a r e  powerful t o o l s  i n  t h e  
a n a l y s i s  of long-term changes i n  vege ta t ion  and land use ,  e s p e c i a l l y  because s p a t i a l  
i n fo rma t ion  from two o r  more time i n t e r v a l s  can be compared more r e a d i l y  than by manual 
methods. A primary r e s t r i c t i o n  i s  t he  pauci ty  of d a t a  t h a t  has been d i g i t i z e d  from e a r l i e r  
pe r iods .  The I l l i n o i s  S t a t e  Geographic Informat ion System has  a  number of automated d a t a  
s e t s  con ta in ing  land-use informat ion,  i nc lud ing  o r i g i n a l  land survey p l a t  maps t h a t  show 
t h e  boundaries of f o r e s t s , p r a i r i e s ,  and wet lands  a s  they e x i s t e d  p r i o r  t o  European 
c o l o n i z a t i o n  i n  t he  e a r l y  1800s. More r ecen t  d a t a  i nc lude  t h e  United S t a t e s  Fo res t  Se rv i ce  
i n v e n t o r i e s  of 1948, 1962, and 1985; t he  United S t a t e s  Geologica l  Survey Land Use Data 
Analys is ;  Nat ional  High A l t i t u d e  Program photographs of vege ta t ion ;  and Landsat MSS and TM 
informat ion.  These da t a  can be used t o  compare vege ta t ion  p a t t e r n s  and changes i n  land use  
over  time and t o  sugges t  f a c t o r s  t h a t  may have caused o r  inf luenced t h e s e  v a r i a t i o n s .  
Profound changes have occurred  i n  t h e  I l l i n o i s  landscape s i n c e  European s e t t l e m e n t ,  
p r i m a r i l y  because of convers ion t o  a g r i c u l t u r a l  use ;  i n  c e r t a i n  p a r t s  of t h e  s t a t e ,  
however, u rban iza t ion  has been t h e  major f a c t o r  c o n t r i b u t i n g  t o  changes. 

INTRODUCTION 

The assessment of long-term changes in  vege ta t ion  i s  a  v i t a l  p r e r e q u i s i t e  t o  t h e  d e t e c t i o n  
of changes i n  t h e  g l o b a l  carbon cyc l e ,  and s a t e l l i t e  image a n a l y s i s  is t h e  p r e f e r r e d  method 
f o r  de termining r a t e s  of d e f o r e s t a t i o n  and r e f o r e s t a t i o n  over  wide geograph ica l  a r e a s  111, 
121. Informat ion about changes i n  l o c a l  vege ta t ion  is  a l s o  of va lue  t o  t hose  i n t e r e s t e d  i n  
such t o p i c s  a s  t h e  h i s t o r y  of s e t t l e m e n t ,  e c o l o g i c a l  succes s ion ,  t h e  p r e s e r v a t i o n  of 
n a t u r a l  sys tems,  and human impacts on t h e  landscape.  Approximately 40% of t h e  E a r t h ' s  land 
a r e a  has  been s u b s t a n t i a l l y  modified from i t s  p re se t t l emen t  s t a t e  by humans 131, and 34% of 
t h e  coterminous United S t a t e s  has been converted t o  land uses  o t h e r  t han  Kuch le r ' s  
p o t e n t i a l  n a t u r a l  vege ta t ion  141. Massive land convers ions  cont inue ,  w i th  t h e  r e s u l t  t h a t  
t h e  und i s tu rbed  h a b i t a t s  v i t a l  t o  t h e  maintenance of b i o t i c  d i v e r s i t y  151 a r e  being l o s t ,  
and many of t h e  e c o l o g i c a l  f u n c t i o n s  of t h e  landscape  can no longe r  be suppor ted .  

Geographic i n fo rma t ion  systems (GIs) a r e  r ap id ly  becoming h igh ly  impor tant  t o o l s  f o r  
n a t u r a l  r e sou rce  r e sea rch  and management. The technology is advancing qu ick ly  i n  a l l  
phases ,  from vector-based systems t o  ras ter -based systems, and from smal l ,  PC-based systems 
t o  l a r g e ,  main-frame systems /6 ,7 / .  The i n t e g r a t i o n  of image a n a l y s i s  c a p a b i l i t y  w i th  GIs 
f u r t h e r  enhances t h e  u t i l i t y  of GIs technology 181. App l i ca t ions  of GIs vary widely and 
encompass nea r ly  a l l  phases of n a t u r a l  r e sou rce  management; a  few examples i nc lude  
s u i t a b i l i t y  f o r  highway placement 191, p o t e n t i a l  f o r  s o i l  l o s s  / l o / ,  s i t i n g  f o r  a  l a r g e  
nuc lea r  r e sea rch  f a c i l i t y  1111, mapping of prime t imberland 1121 o r  f o r e s t  p r o d u c t i v i t y  
1131, management of f o r e s t  l ands  114,151, and determining landscape  and land use  
r e l a t i o n s h i p s  1161. 

Geographic informat ion system and remote s ens ing  t echno log ie s  a r e  u s e f u l  i n  t h e  assessment  
of changes in  vege ta t ion  11,6 ,9 ,17/ .  Since t h e  e a r l i e s t  LANDSAT imagery d a t e s  t o  1972, 
p a i r e d  images from subsequent d a t e s  can be used t o  d e t e c t  changes i n  t h e  landscape.  A e r i a l  
photography, i n  u s e  s i n c e  the  1930s, can be used t o  a s s e s s  v e g e t a t i o n  changes over 
r e l a t i v e l y  smal l  a r e a s  1181. To a s s e s s  changes s i n c e  European co lon iza t ion ,  however, we 
must r e s o r t  t o  maps drawn by e a r l y  surveyors  who r e l i e d  on ground surveying equipment. The 
primary source  of t h a t  i n fo rma t ion  i n  t h e  United S t a t e s  a r e  Government Land Of f i ce  (GLO) 
survey r eco rds  1191. When t h e s e  o r i g i n a l  p l a t  maps a r e  automated i n t o  a  r e g i s t e r e d  GIs, 
however, ove r l ay  techniques  can be used t o  make comparisons and t o  determine  t r ends .  



The o b j e c t i v e s  of t h i s  p a p e r  a r e  t o  e v a l u a t e  c u r r e n t  and h i s t o r i c  v e g e t a t i o n  and l and-use  
d a t a  f o r  s e c t i o n s  of t h e  U n i t e d  S t a t e s ,  t o  s u g g e s t  m t h o d o l o g i e s  f o r  s t u d y i n g  l a n d s c a p e  
t r e n d s  u s i n g  CIS t e c h n o l o g y ,  and t o  t e s t  t h e s e  m e t h o d o l o g i e s  u s i n g  I l l i n o i s  d a t a  t o  
summarize long- te rm v e g e t a t i o n  t r e n d s  i n  t h e  s t a t e .  

DATA RESOURCES 

The I l l i n o i s  CIS,  housed a t  t h e  X l l i n o i s  N a t u r a l  H i s t o r y  S u r v e y ,  c o n t a i n s  s t a t e - o f - t h e - a r t  
s o f t w a r e  and hardware  f o r  t h e  m a n i p u l a t i o n  of s p a t i a l  d a t a  1201. The s o f t w a r e  u s e d  For GIs 
a n a l y s i s  was ARC/INFO i n s t a l l e d  on a  PRIME 9955 and ne tworked  t o  a  PRIME 750  121 ,221 .  
Image a n a l y s i s  was c o n d u c t e d  on an E a r t h  R e s o u r c e s  Data A n a l y s i s  System (ERDAS) on a n  
IBM-PCAT. 

T h i s  s t u d y  r e l i e d  on t h e  f o l l o w i n g  I l l i n o i s  d i g i t a l  d a t a  b a s e s :  ( 1 )  o r i g i n a l  l a n d  s u r v e y o r  
p l a t  maps p roduced  by t h e  G e n e r a l  Land O f f i c e  and showing f o r e s t ,  p r a i r i e ,  and wec land  
b o u n d a r i e s  a s  t h e y  e x i s t e d  i n  t h e  e a r l y  1800s ;  ( 2 )  Uni ted  S t a t e s  G e o l o g i c a l  Survey  Land Use 
D a t a  and A n a l y s i s  (LUDA) f rom t h e  l a t e  1970s  u s i n g  l e v e l  I1 l a n d - u s e  c l a s s i f i c a t i o n  a t  
e i t h e r  4 -or  16-ha r e s o l u t i o n  f o r  I l l i n o i s  / 2 3 / ;  ( 3 )  N a t i o n a l  Nigh A l t i t u d e  Program (NHAP) 
p h o t o g r a p h s  i n t e r p r e t e d  f o r  v e g e t a t i o n  a t  1-ha r e s o l u t i o n  and d i g i t i z e d  i n t o  t h e  GIs; ( 4 )  
1985 U n i t e d  S t a t e s  F o r e s t  S e r v i c e  (USFS) i n v e n t o r i e s  of  t h e  F o r e s t s  of  I l l i n o i s ;  ( 5 )  
LANDSAT MSS d a t a  f rom J u n e  1978; and ( 6 )  LANDSAT TM d a t a  f rom J u l y  1984. These  d a t a  s e t s  
were i n t e g r a t e d  on a  common p r o j e c t i o n  t o  a l l o w  o v e r l a y  a n a l y s i s .  S p e c i a l  e f f o r t s  were 
t a k e n  w i t h  t h e  GLO d a t a  t o  e n s u r e  c a r t o g r a p h i c  and i n t e r p r e t a t i v e  a c c u r a c y .  Da ta  from s i x  
I l l i n o i s  c o u n t i e s  a r e  u s e d  i n  t h i s  p a p e r  ( F i g u r e  I ) .  Lake County i n  t h e  u r b a n i z e d  Chicago  
r e g i o n  has  many g l a c i a l  d e p r e s s i o n s  i n c e r s p e r s e d .  The r e m a i n i n g  c o u n t i e s  (Ca lhoun ,  J e r s e y ,  
J a c k s o n ,  Wi l l i amson ,  and Lawrence)  a r e  i n  t h e  s o u t h e r n  h a l f  of t h e  s t a t e  where t h e  p r a i r i e s  
and  f o r e s t s  a r e  h i g h l y  i n t e r s p e r s e d  and where l and-use  d e c i s i o n s  have been made w i c h o u t  t h e  
p r e s s u r e s  of u r b a n  s p r a w l .  

ASSESSING BIAS I N  GENERAL L4ND OFFICE ORIGINAL SURVEY RECORDS 

The Northwest  O r d i n a n c e  of  1785, a u t h o r e d  i n  l a r g e  p a r t  by Thomas J e f f e r s o n ,  d e t e r m i n e d  t h e  
method of s u r v e y  f o r  t h e  r e c e n t l y  a c q u i r e d  l a n d s  l y i n g  t o  t h e  wes t  of t h e  o r i g i n a l  t h i r t e e n  
c o l o n i e s  /24 / .  A c c o r d i n s  t o  t h i s  o r d i n a n c e ,  l a n d  was t o  be l a i d  o u t  i n  t o w n s h i p s  
c o n s i s t i n g  of  36 s e c t i o n s ,  w i t h  e a c h  s e c t i o n  1.6 km (1 m i l e )  on a  s i d e .  As t h e  l a n d  was 
s u r v e y e d ,  t h e  s u r v e y i n g  team was I n s t r u c t e d  t o  r e c o r d  i n  d e t a i l  t h e  l a y  of t h e  l a n d .  
w h e t h e r  t h e  l a n d  was f i t  f o r  c u l t i v a t i o n ,  and t h e  v e g e t a t i o n  t y p e s  p r e s e n t .  At e a c h  
q u a r t e r  s e c t i o n ,  t h e  s u r v e y o r s  were t o  i d e n t i f y  " w i t n e s s  t r e e s "  s o  t h a t  t h e  c o r n e r s  c o u l d  
be l o c a t e d  a g a i n  a t  a  l a c e r  d a c e .  They r e c o r d e d  t h e  s p e c i e s  of e a c h  of t h e s e  t r e e s ,  i t s  
d i a m e t e r ,  and i t s  h e a r i n g  and  d i s t a n c e  from t h e  c o r n e r .  They a l s o  were t o  d raw p l a t  maps 
c h a t  o u t l i n e d  p r a i r i e ,  t i m b e r ,  and v a r l o u s  wec land  cypes  on cownsh ip  maps. T h e s e  a r c h i v e d  
p l a t  maps have been d i g i t i z e d  f o r  p o r t i o n s  of  I l l i n o i s .  D e s p i t e  t h e i r  enormous p o t e n t i a l  
v a l u e ,  t h e s e  d a t a  have s e v e r a l  l i m i t a t i o n s  1251.  Because t h e  s u r v e y o r s  were n o t  b o t a n i s t s ,  
I n c o n s i s t e n t  c l a s s i f i c a t i o n s  of f o r e s t  t y p e s  and w e t l a n d s  were  made. They a l s o  found  ic 
d i f f i c u l t  ( a s  i t  i s  f o r  u s )  t o  map b o u n d a r i e s  s e p a r a t i n g  f o r e s t  and p r a i r i e  when v e g e t a t i o n  
t y p e s  merged. I n  a d d i t i o n ,  cne n a t i o n a l  s u r v e y i n g  s y s t e m  was n o t  s t a n d a r d i z e d  u n t i l  1855 ,  
and s e v e r a l  s e t s  of i n s t r u c t i o n s  had been  f o l l o w e d  d u r i n g  t h e  I l l i n o i s  s L r v e y .  I n  some 
i n s t a n c e s  s u r v e y i n g  teams f r a u d u l e n t l y  m a n u f a c t u r e d  p l a t  maps and f i e l d  n o t e s  w i t h o u t  g o i n g  
i n t o  t h e  f i e l d  /19 / !  N e v e r t h e l e s s ,  t h e s e  maps p r o v i d e  t h e  b e s t  a v a i l a b l e  d a t a  f o r  
d e s c r i b i n g  t h e  v e g e t a t i o n  and t h e  l a n d s c a p e  p r i o r  t o  t h e  impac t  of w h i t e  s e t ~ l e r s .  

We were a b l e  t o  u s e  t h e  GIs  t o  t e s t  f o r  s u r v e y o r  h i a s  i n  t h e  d a t a  and c o  compensace t o  an 
e x t e n t  f o r  t h a t  b i a s .  The s u r v e y o r s  had walked a l o n g  t h e  s e c t i o n  l i n e s ,  r e c o r d i n g  such  
f e a t u r e s  a s  w a t e r  h o d i e s  o r  p r a i r i e  p a t c h e s ,  t h a t  f e l l  w i t h i n  t h e i r  view.  Smal l  l a n d s c a p e  
f e a t u r e s  t h a t  e x i s t e d  e n t i r e l y  o r  l a r g e l y  i n  t h e  i n t e r i o r  of a  s e c t i o n ,  however ,  were 
l i k e l y  t o  be missed  o r  u n d e r e s t i m a t e d .  To t e s t  t h i s  h y p o t h e s i s ,  b u f f e r s  of  1 0 0 ,  200, and  
400 m e t e r s  were p l a c e d  a round  t h e  s e c t i o n  l i n e s  For t h r e e  c o u n t i e s  i n  I l l i n o i s :  Lake 
County ,  which,  a s  i t s  name i m p l i e s ,  is d o t t e d  w i t h  g l a c i a l  d e p r e s s i o n s ;  J a c k s o n  County ,  
which b o r d e r s  t h e  M i s s i s s i p p i  R i v e r  t o  t h e  wesc ;  and Lawrence County ,  which b o r d e r s  t h e  
Wabash R i v e r  t o  t h e  e a s t .  The b u f f e r e d  s e c t i o n s  were t h e n  o v e r l a i d  on au tomated  p l a t  map 
d a t a  and s t a t i s t i c a l l y  e v a l u a t e d  c o  d e t e r m i n e  i f  t h e  p e r c e n t  of wec land  i n s i d e  t h e  b u f f e r  
m u l c i p l e d  by t h e  h e c t a r e s  of  w e t l a n d  f o r  e a c h  s e c c i o n  was t h e  same a s  t h e  p e r c e n t  of 
w e t l a n d  o u t s i d e  t h e  b u f f e r  m u l t i p l i e d  by t h e  w e t l a n d  h e c t a r e s .  We t e s t e d  t h e  h y p o t h e s i s  
f u r t h e r  by a p p l y i n g  t h e  same t e s t  t o  t h e  LUDA d a t a  from r e c e n t  a e r i a l  p h o t o g r a p h  
i n t e r p r e t a t i o n .  The b i a s  of GLO w e t l a n d  po lygons  w i t h i n  t h e  200-m b u f f e r  f rom t h e  s e c t i o n  
l i n e  a r e  d e m o n s t r a t e d  f o r  Lake County i n  F i g u r e  2, w i t h  v i s i b l y  more w e t l a n d s  o c c u r r i n g  on 
o r  n e a r  t h e  s e c t i o n  l i n e s .  A n a l y s i s  of  t h e  p r e s e n t  day LUDA d a t a  f o r  Lake County showed no 
d i f f e r e n c e  i n  t h e  p e r c e n t  of w e t l a n d  i n s i d e  and o u t s i d e  t h e  b u f f e r  ( F i g u r e  3 ) ;  however ,  a  
s i g n i f i c a n t  d i 2 f e r e n c e  d i d  o c c u r  a r  a l l  b u f f e r  d i s t a n c e s  f o r  GLO i n s i d e  and  GLO o u t s i d e  t h e  
w e t l a n d  a r e a l  e s t i m a t e s .  



Long-Term Vegetation Changes 

Fig.  1. I l l i n o i s  coun t i e s  i n v e s t i g a t e d  in  t h i s  s tudy.  

Based on t h i s  a n a l y s i s ,  we c a l c u l a t e d  a  c a l i b r a t i o n  f a c t o r  t h a t  could be t o  a p p l i e d  t o  t h e  
GLO d a t a  t o  more a c c u r a t e l y  measure t he  wetlands a t  t h e  time of s e t t l emen t .  Based on t h e  
c a l i b r a t e d  d a t a ,  we determined t h a t  wetlands i n  t h e  t h r e e  coun t i e s  had been underes t imated 
i n  1820 by 20-50% (Table 1) .  Then, by comparison t o  t h e  LUDA wetland d a t a ,  we e s t ima ted  
t h e  l o s s  of wetlands between 1820-1980 t o  be from 59-72% i n  Lake, Lawrence, and Jackson 
c o u n t i e s  (Table 1 ) .  

CHANGES I N  VEGETATION SINCE THE ORIGINAL LAND SURVEY 

In a d d i t i o n  t o  t he  assessment of wetland l o s s  j u s t  desc r ibed ,  GIS over lay  techniques  
allowed us  t o  examine o t h e r  long-term changes i n  land use  by combining t h e  GLO d a t a  wi th  
LUDA o r  o t h e r  r ecen t  da t a  s e t s .  In t h i s  way, we a s se s sed  changes i n  each land type  
( f o r e s t ,  p r a i r i e ,  wetland, wa te r )  s i n c e  1820, t he  time of t h e  o r i g i n a l  survey f o r  t h e  f i v e  
I l l i n o i s  coun t i e s  l i s t e d  e a r l i e r :  Lake, Lawrence, J e r s e y ,  Jackson,  and Williamson (Figure  
1 ) .  
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Lake County 
200m Buffer 

Wetlands Inside Buffer 

Wetlands Outside Buffer 
F i g .  2. Lake County ,  I l l i n o i s  w e t l a n d s  a s  t h e y  e x i s t e d  i n  1840 e i t h e r  i n s i d e  o r  o u t s i d e  

t h e  200 m b u f f e r  l i n e .  

Land u s e  f o r  two of t h e s e  c o u n t i e s ,  J a c k s o n  and Lake,  showed d r a m a t i c  changes  e s p e c i a l l y  
w i t h  r e g a r d  t o  d i m i n i s h i n g  f o r e s t  and p r a i r i e  ( F i g u r e  4 ) .  Most of t h e  c o n v e r s i o n  i n  bo th  
c o u n t i e s  has  been t o  a g r i c u l t u r e ,  a l t h o u g h  Lake County has  a l s o  e x p e r i e n c e d  e x t e n s i v e  
c o n v e r s i o n  t o  u r b a n  l a n d  u s e s .  I n  J a c k s o n  County ,  t h e  u n c o n v e r t e d  f o r e s t  a r e a  o c c u r s  on 
t h e  h i g h l y  d i s s e c t e d  b l u f f  r e g i o n  a l o n g  t h e  M i s s i s s i p p i  River .  The M i s s i s s i p p i  f l o o d p l a i n  
i n  w e s t e r n  J a c k s o n  h a s  a l s o  e x p e r i e n c e d  l a r g e  c o n v e r s i o n s  of  w e t l a n d s .  I n  Lake County.  
v i r t u a l l y  t h e  e n t i r e  e a s t e r n  s i d e  b o r d e r i n g  Lake Mich igan  is  now u r b a n i z e d ,  a l t h o u g h  l a r g e  
a g r i c u l t u r a l  a r e a s  e x i s t  i n  t h e  i n t e r i o r  of  t h e  c o u n t y .  The c h a n g e s  i n  l a n d  u s e  have  been 
mapped f o r  Lake County ( F i g u r e  5 ) .  
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Fig .  3. Weighted p r o p o r t i o n  (% of s e c t i o n  wet land  i n s i d e  o r  o u t s i d e  t h e  b u f f e r  m u l t i p l i e d  
by t h e  number of h e c t a r e s  of wet land  i n s i d e  o r  o u t s i d e  of t h e  b u f f e r )  of w e t l a n d s  f o r  GLO 
(1840)  and LUDA (1980) d a t a  f o r  Lake County, I l l i n o i s .  P a i r s  of GLO d a t a  d i f f e r  
s i g n i f i c a n t l y  a t  t h e  0.05 l e v e l  whereas p a i r s  of LUDA d a t a  do n o t  d i f f e r  s t a t i s t i c a l l y .  

TABLE I GLO O r i g i n a l  Wetland A r e a l  E s t i m a t e s ,  C a l i b r a t i o n  F a c t o r s ,  
A d j u s t e d  A r e a l  E s t i m a t e s ,  and Wetland Change E s t i m a t e s  between 
1820-1980 f o r  Three C o u n t i e s  i n  I l l i n o i s  

County GLO C a l i b r a t i o n  GLO LUDA P e r c e n t  P e r c e n t  
O r i g i n a l  Wetlands F a c t o r  C a l i b r a t e d  Reported Change Change 

Wetlands Wetlands 

(No. ha)  (No. ha)  (No. ha)  ( u n c a l i b r a t e d )  ( c a l i b r a t e d )  

Lake 11,175 1.20 13,410 7,786 -44 -72 
Lawrence 4 ,810  1.50 7 ,215  4,540 - 6  -59 
J a c k s o n  4.550 1.24 5,642 3,317 -37 -70 

Land-use change m a t r i c e s  a r e  a l s o  p r e s e n t e d  f o r  Jackson  and Lake c o u n t i e s  (Table  2 ) .  The 
J a c k s o n  m a t r i x  shows t h a t  68% of t h e  o r i g i n a l  f o r e s t  i s  now i n  a g r i c u l t u r e .  A g r i c u l t u r e  
h a s  a l s o  c a p t u r e d  75% of t h e  former  p r a i r i e s .  72% of t h e  GLO w e t l a n d s ,  and 91% of t h e  
former  s h a l l o w  ponds ( w a t e r ) .  The e x t e n t  of l a r g e  r i v e r  a r e a  was on ly  32% of i t s  o r i g i n a l  
amount; 40% had been usurped  by a g r i c u l t u r e .  

In  c o n t r a s t  t o  Jackson  County, e a c h  of t h e  GLO l a n d  c l a s s e s  i n  Lake County showed a  
r e l a t i v e l y  h i g h  c o n v e r s i o n  r a t e  t o  urban  land  u s e  (Table  2 ) ;  however, even i n  t h i s  h i g h l y  
u r b a n i z e d  county  ( F i g u r e  4) .  a g r i c u l t u r e  c a p t u r e d  t h e  l a r g e s t  s h a r e  of t h e  c o n v e r s i o n .  
Only 9% of t h e  f o r e s t  and 9% of t h e  wet lands  remain. The g l a c i a l  ponds and l a k e s  i n  t h i s  
county  a r e  e v i d e n t l y  deeper  and l e s s  e a s i l y  d r a i n e d  t h a n  t h o s e  i n  Jackson  County s i n c e  57% 
of i t s  open w a t e r  s t i l l  remains (compared t o  on ly  3% i n  Jackson  County).  Converse ly ,  91% 
of t h e  o r i g i n a l  l a k e s  and ponds i n  Jackson  County a r e  now i n  a g r i c u l t u r e  compared t o  o n l y  
1% i n  Lake County. 
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Fig.  4. Land-use t r ends  f o r  Jackson and Lake coun t i e s .  

Each of t h e  f i v e  c o u n t i e s  analyzed f o r  vege ta t ion  change s i n c e  t h e  GLO survey has 
exper ienced d r a s t i c  convers ions ,  e s p e c i a l l y  t o  a g r i c u l t u r e .  The l o s s  of p r a i r i e  l ands  i s  
e s s e n t i a l l y  complete and only a  few smal l  p r a i r i e  remnants remain. P r a i r i e  l o s s e s  a r e  
gene ra l  throughout t h e  s t a t e .  Of t he  o r i g i n a l  e s t ima ted  8.5 m i l l i o n  h e c t a r e s  of p r a i r i e  i n  
I l l i n o i s ,  only about 1000 remain 1261; nea r ly  a l l  of t he  I l l i n o i s  p r a i r i e  i s  now i n  row 
c rop  a g r i c u l t u r e .  The l o s s  of f o r e s t  l a n d s ,  whi le  not  q u i t e  a s  s e v e r e ,  i s  n e v e r t h e l e s s  
d rama t i c ,  and on ly  8-55% of t h e  o r i g i n a l  f o r e s t s  remain (Table 3).  Most have been c l ea red  
f o r  a g r i c u l t u r e ,  ranging from 41% i n  J e r s e y  County t o  82% i n  Lawrence County. 

Klopatek e,t a l .  141 have e s t ima ted  how much of each of Kuchler ' s  p o t e n t i a l  vege ta t ion  types  
i n  t h e  United S t a t e s  have been l o s t  1271: an  85% l o s s  of bluestem p r a i r i e  na t ionwide ,  a  
74% l o s s  of oak-hickory f o r e s t ,  a  78% l o s s  of t he  mosaic of t hese  two, a  l o s s  of 83% of 
maple-basswood f o r e s t ,  and a  l o s s  of 83% of oak savanna. These f i v e  vege ta t ion  types  
occupied e s s e n t i a l l y  a l l  of t he  land a rea  of I l l i n o i s  a t  t h e  time of t he  European 
co lon iza t ion .  The da t a  from t h e  p re sen t  s tudy g e n e r a l l y  agree  wi th  t he  n a t i o n a l  t r e n d ,  
a l t hough  c e r t a i n  d i f f e r e n c e s  a r e  apparent .  The bluestem p r a i r i e  has been e l imina t ed  t o  a  
h ighe r  degree i n  I l l i n o i s  and l e s s  than 0.1% of t he  o r i g i n a l  p r a i r i e  remains. D i s t i n c t  
v a r i a t i o n s  i n  f o r e s t  l o s s  a l s o  occur depending on the  l o c a t i o n  of a  given county (Table 3).  
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Fig. 5. Map indicating land-use trends since 1820 in Lake County, Illinois. 
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TABLE 2 Changes i n  Land Use s i n c e  1820 f o r  Jackson  and Lake C o u n t i e s ,  I l l i n o i s .  
T a b u l a r  F i g u r e s  a r e  P e r c e n t  of O r i g i n a l  (GLO) Land-use Type Found i n  
P r e s e n t  (LUDA) Land-use Type 

J a c k s o n  County 

LUDA d a t a  
GLO X 
d a t a  Land F o r e s t  f& - Urban Water Wet l a n d  Bar ren  
........................................................................................... 

F o r e s t  93.0 25 68 3  I  2 1 
P r a i r i e  2.0 5 7 5  6 < I  0  14 
Wetland 0.3 7 7 2 0  0  2 1  0  
Water 2.6 3 91 I 3  3 0  
R i v e r  2.1 13 40 1 32 15 0  
........................................................................................... 

Lake County 

F o r e s t  61.4 9  52 3 4 2 2  1 
P r a i r i e  29.2 3  6 5 27 <l 1  3  
Wetland 4.7 4  4  5 38 3 9  3 
Water 4.6 5 1 16 57 15 1 
R i v e r  0.1 1 2  20 17 40 8 2 

County 

TABLE 3 Summary of F o r e s t  Changes s i n c e  1820 f o r  F i v e  C o u n t i e s  i n  
I l l i n o i s  

I of GLO F o r e s t  i n  P r e s e n t  Land Use 
F o r e s t  A g r i c u l t u r e  Urban Other  

Lake 
Lawrence 
J e r s e y  
Jackson  
Wil l iamson 

J e r s e y  County,  f o r  example,  has  55% of i t s  o r i g i n a l  f o r e s t  s i n c e  i t  is t o p o g r a p h i c a l l y  more 
d i s s e c t e d  t h a n  Lawrence County, which has  on ly  8% of  i t s  o r i g i n a l  f o t e s t .  S tacewide .  
a p p r o x i m a t e l y  37% of t h e  f o r e s t  a c r e a g e  p r e s e n t  when t h e  w h i t e  s e t t l e r s  a r r i v e d  remains .  
O f  c o u r s e ,  a  l a r g e  p r o p o r t i o n  of t h e  p r e s e n t  f o r e s t  c o v e r  is  secondary  growth s i n c e  
s e t t l e m e n t  t imes .  Alchough t h e  Loss of f o r e s t  i n  I l l i n o i s  i s  s l i g h t l y  s m a l l e r  t h a n  t h e  
n a t i o n a l  t r e n d ,  t h e  l o s s  of p r a i r i e  i n  t h e  s t a t e  has  been s u b s t a n t i a l l y  g r e a t e r .  O v e r a l l ,  
I l l i n o i s  has had t h e  second h i g h e s t  l a n d  c o n v e r s i o n  in  t h e  n a t i o n  w i t h  o n l y  11% of i t s  a r e a  
remain ing  i n  i t s  Kuchler  p o t e n t i a l  n a t u r a l  v e g e t a t i o n  t y p e s  /4 / .  

WITNESS TREE ANALYSIS 

The GLO s u r v e y o r s  recorded  s p e c i e s ,  s i z e ,  d i s t a n c e ,  and b e a r i n g s  f o r  up t o  f o u r  t r e e s  from 
e a c h  s e c t i o n  and q u a r t e r  s e c t i o n  c o r n e r  /28 / .  These w i t n e s s  t r e e s  were normal ly  l o c a t e d  
w i t h i n  30 m e t e r s  of t h e  c o r n e r  i n  f o r e s t e d  r e g i o n s  and were s c r i b e d  t o  h e l p  i d e n t i f y  t h e  
c o r n e r  placement.  Our o b j e c t i v e  h e r e  was t o  compare t h e  r a t e s  of f o r e s t  c o n v e r s i o n  between 
upland  and bottomland f o r e s t  t y p e s  f o r  Will iamson County. To accompl i sh  t h i s ,  t h e  two 
p o i n t s  ( t r e e s )  from e a c h  q u a r t e r  s e c t i o n  c o r n e r  were c a t e g o r i z e d  a s  e i t h e r  bo t tomland  o r  
up land  f o r e s t .  Admi t ted ly ,  two t r e e s  a t  each p o i n t  were i n s u f f i c i e n t  t o  c h a r a c t e r i z e  t h e  
v e g e t a t i o n  w i t h  g r e a t  c o n f i d e n c e ,  a l t h o u g h  most s p e c i e s  can be s e p a r a t e d  a s  upland o r  
bo t tomland  s p e c i e s .  About 90% of t h e  p o i n t s  were r e a d i l y  a s s i g n e d  t o  up land  o r  bo t tomland  
based  on t h e  two t r e e s ;  t h e  remain ing  p o i n t s  had mixed s p e c i e s  t y p e s .  The mixed p o i n t s  
were a l s o  a s s i g n e d  a s  bo t tomland  f o r  t h i s  d e m o n s t r a t i o n ,  a l t h o u g h  t h e  t r e n d s  were found t o  
be s i m i l a r  when t h e  mixed p o i n t s  were exc luded .  
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The r e s u l t i n g  p o i n t s ,  c l a s s i f i e d  a s  upland or  bo t tomland  ( c o r n e r  l o c a t i o n s ) ,  were t h e n  
i n t e r s e c t e d  w i t h  a  s o i l s  map and che LUDA land-use  map f o r  Will iamson County. The LUDA 
i n f o r m a t i o n  was used t o  d e s c r i b e  presen t -day  f o r e s t s  and t h e  s o i l  i n f o r m a t i o n  was used t o  
d i v i d e  t h e  l a n d s c a p e  i n r o  up land  o r  bottomland.  These p r o c e s s e s  a l lowed u s  t o  c a l c u l a t e  
t h e  c o n v e r s i o n  r a t e s  of bottomland vs. up land  F o r e s t  t y p e s  s i n c e  t h e  GLO s u r v e y  ( T a b l e  4 ) .  
These d a t a  show l i t t l e  change i n  p r o p o r t l o n  of upland t o  bo t tomland  o r  i n  t h e  p e r c e n t a g e  of 
o v e r a l l  convers ion .  About 13.5% of t h e  o r i g i n a l  up land  f o r e s t  and 14.6% of t h e  bo t tomland  
f o r e s t  c o n t i n u e  t o  e x i s t .  Curren t  e v i d e n c e  s u g g e s t s  t h a t  bo t tomlands  a r e  p r e s e n t l y  being 
c o n v e r t e d  from f o r e s t s  a t  a  h i g h e r  r a t e  and t h a t  some h i g h l y  e r o d i n g  u p l a n d s  a r e  r e v e r t i n g  
t o  f o r e s t s  1291. The a d v i s a b i l i t y  of c l e a r i n g  of  bo t tomlands  i n  I l l i n o i s  i s  p r o b l e m a t i c  
hecause  c l e a r i n g  r e d u c e s  v a l u a b l e  w i l d l i f e  h a b i t a t ,  i n c r e a s e s  s o i l  l o s s  th rough w a t e r  
e r o s i o n ,  and r e d u c e s  f l o o d  w a t e r  s t o r a g e  a l o n g  r i v e r  sys tems  /30/ .  

TARLE 4  P e r c e n t a g e  of Wi tness  T r e e s  on Upland o r  Bottomland S o i l  
Types i n  1820 and 1980 and t h e  P e r c e n t a g e  of Those P o i n t s  
Remaining i n  F o r e s t  

S o i l  Type 
% of Wi tness  T r e e s  % Remaining i n  
1807 1980 F o r e s t  

Upland 
Bottomland 

UNITED STATES FOREST INVENTORY 

The United S t a t e s  F o r e s t  S e r v i c e  p e r i o d i c a l l y  i n v e n t o r i e s  t h e  f o r e s t  r e s o u r c e s  of t h e  
c o u n t r y  aod i n v e n t o r i e s  were conducted  i n  I l l i n o i s  i n  1948, 1962, and 1985. Each township  
was h i e r a r c h i c a l l y  sampled w i t h  over  100 photograph  i n t e r p r e t a t i o n  p o i n t s  and a b o u t  6  
ground p l o t s  p e r  township.  S i n c e  t h e  ground p l o t s  a r e  remeasureable ,  we can a s s e s s  
v e g e t a t i o n  changes s i n c e  t h e  p r e v i o u s  i n v e n t o r y .  V a r i a b l e s  from t h e s e  i n v e n t o r i e s  t h a t  can  
be used t o  d e s c r i b e  v e g e t a t i o n  change i n c l u d e  b a s a l  a r e a  change and s t a n d  h i s t o r y  1311. 
O b v i o u s l y ,  i f  s p e c i f i c  p l o t  d a t a  were a v a i l a b l e  f o r  more t h a n  one measurement d a t e ,  
a d d i t i o n a l  d e t e c t i o n  of  f o r e s t  change would be  p o s s i b l e  u s i n g  a  number of v a r i a b l e s  
i n c l u d i n g  composit iorl ,  volrlme, and g r e e n  t o n s  biomass. However, no s p e c i  F i c  p l o t  d a t a  were 
a v a i l a b l e  f o r  t h e  1962 measurement. 

One v a r i a b l e  i n  t h e  F o r e s t  S e r v i c e  d a t a  base  a s s e s s e s  changes i n  f o r e s t  s t a n d  s i n c e  t h e  
p r e v i o u s  measurement (1962 i n  t h i s  c a s e ) .  Of t h e  341 ground p l o t s  l o c a t e d  i n  t h e  s o u t h e r n  
f i f t h  of I l l i n o i s ,  43 ( 1 3 % )  had e x p e r i e n c e d  some k i n d  of s t a n d  d i s t u r b a n c e  o r  change i n  t h e  
p a s t  23 y e a r s .  Broken down f u r t h e r ,  2 p l o t s  had s e e n  t imber  s t a n d  improvement, 2 had been 
c l e a r c u t ,  21 bad been p a r t i a l l y  h a r v e s t e d ,  5 had been h i t  by f i r e ,  i n s e c t s ,  o r  d i s e a s e ,  4 
had been o t h e r w i s e  d i s t u r b e d  by man ( e . ~ .  s p r a y i n g  o r  d r a i n a g e ) ,  and 9  had n a t u r a l l y  
r e g e n e r a t e d  from n o n f o r e s t  Land s i n c e  1962. 

I n  an a t t e m p t  t o  u n d e r s t a n d  t h e  r e l a t i o n s h i p  of  s t a n d  change t o  l a n d s c a p e  envi ronment ,  t h e  
p l o t  l o c a t i o n s  were o v e r l a i d  w i t h  a  g e n e r a l  s o i l s  map f o r  s o u t h e r n  I l l i n o i s .  B a s a l  a r e a  
changes  of s t a n d s  s i n c e  1962 were c a l c u l a t e d  f o r  t h e  341 ground p l o t s  and t h e s e  changes 
were t h e n  compared t o  s o i l  p a r e n t  m a t e r i a l  types .  In g e n e r a l ,  t o t a l  b a s a l  a r e a  of s t a n d s  
on bottomland s o i l s  i n c r e a s e d  more t h a n  t o t a l  b a s a l  a r e a s  of s c a n d s  on upland  s o i l s .  
Seventy-one p e r c e n t  of t h e  bo t tomland  p l o t s  i n c r e a s e d  t h e i r  b a s a l  a r e a  by more t h a n  2 sq .  
f t . / a c r e / ~ e a r ;  on ly  37% of up land  s o i l  p l o t s  accumulated a t  t h a t  r a t e .  The power of 
po in t - in -polygon o v e r l a y  i n  t h e  CIS is  e x e m p l i f i e d  h e r e  where t a b u l a r ,  s i t e - s p e c i f i c  
i n f o r m a t i o n  can be r e l a c e d  t o  t h e  l a n d s c a p e  and summarized. CIS p r o c e s s i n g  can a l s o  be 
used  t o  e s t i m a t e  f o r e s t  a c r e a g e  and volume more a c c u r a t e l y  by r e l a t i n g  s o i l s ,  l a n d  u s e ,  o r  
LANDSAT imagery t o  t h e  ground p l o t  d a t a .  

LANDSAT CHANGE DETECTION 

M u l t i r e m p o r a l  Landsa t  d a t a  can be used t o  d e t e c t  change i n  v e g e t a t i o n  o v e r  t i n e .  Such 
changes  a r e  v a l u a b l e  i n  e v a l u a t i n g  t h e  g l o b a l  carbon c y c l e  111,  i n  c o n d u c t i n g  f o r e s t  t i m b e r  
i n v e n t o r i e s ,  and i n  managing w i l d l i f e  h a b i t a t  / 1 7 / .  Most s t u d i e s  t h a t  d e s c r i b e  v e g e t a t i o n  
change t h u s  f a r  have been done u s i n g  MSS d a t a  a l o n e .  In o u r  example,  we combined MSS d a t a  
from 4 June 1978 w i t h  TM d a t a  from 9  J u l y  1984 f o r  a h e a v i l y  f o r e s t e d  p o r t i o n  of 
s o u t h w e s t e r n  I l l i n o i s  i n  Calhoun and J e r s e y  c o u n t i e s .  MSS d a t a  were u n a v a i l a b l e  f o r  t h e  
1984 d a t e ,  and we wanted t o  f o c u s  on d i f f e r e n c e s  and s i m i l a r i t i e s  between t h e  a b i l i t i e s  of 
TM and MSS to  d e t e c t  change. Because of d i f f e r e n c e s  i n  s p e c t r a l  and s p a t i a l  r e s o l u t i o n ,  
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independent  p r o c e s s i n g  was conducted w i t h  image combina t ion  a s  t h e  f i n a l  s t e p .  Both d a t a  
s e t s  were r e g i s t e r e d  t o  UTMs t o  w i t h i n  one p i x e l  accuracy .  The MSS d a t a  were resampled Co 
30 rn p i x e l  s i z e  t o  match t h e  TM d a t a .  An u n s u p e r v i s e d  c l a s s i f i c a t i o n  a l g o r i t h m  was used t o  
c l a s s i f y  each d a t a  s e t  t o  50 c l u s t e r s ,  and t h e s e  c l u s t e r s  were a g g r e g a t e d  i n t o  f o r e s t  o r  
n o n f o r e s t  c l a s s e s .  The two d a t a  s e t s  were then  combined t o  form a  t h i r d  image w i t h  f i v e  
MSS-TM (1978-1984) c l a s s e s :  ( 1 )  f o r e s t - f o r e s t ,  ( 2 )  f o r e s t - n o n f o r e s t ,  ( 3 )  n o n f o r e s t - f o r e s t ,  
( 4 )  n o n f o r e s t - n o n f o r e s t ,  and (5)  water .  In  o u r  d e f i n i t i o n  of n o n f o r e s t  h e r e  we e x c l u d e  
w a t e r .  

R e s u l t s  of t h i s  p r e l i m i n a r y  a n a l y s i s  y i e l d e d  i n f o r m a t i o n  on f o r e s t  changes ( T a b l e  5 ) .  
Approximately 12% of t h e  land  has  changed from f o r e s t  t o  n o n f o r e s t ,  e i t h e r  by t imber  
h a r v e s t  o r  by c o n v e r s i o n  t o  o t h e r  l a n d  u s e s .  Converse ly ,  about  7% of t h e  l a n d  has been 
c o n v e r t e d  from n o n f o r e s t  o r  has  s u c c e s s i o n a l l y  grown up t o  be c l a s s e d  a s  Eores t .  Most of 
t h e  Eores t  l o s s  has o c c u r r e d  i n  t h e  bo t tomlands  of t h e  I l l i n o i s  and M i s s i s s i p p i  r i v e r s .  
The n e t  l o s s  of f o r e s t  i s  d i s t u r b i n g  i n  I l l i n o i s  where we have s e e n  mass ive  c o n v e r s i o n  of 
f o r e s t  t o  a g r i c u l t u r e ,  w i t h  consequent  i n c r e a s e s  i n  s o i l  e r o s i o n  and d e c r e a s e s  i n  w a t e r  
q u a l i t y  and w i l d l i f e  h a b i t a t .  

TABLE 5 D e t e c t i o n  of F o r e s t  Changes I n  Calhoun and J e r s e y  C o u n t i e s  u s i n g  
MSS from 4 June  1978 and TEI from 9 J u l y  1984. 

D e s c r i p t i o n  Ha P e r c e n t a g e  

F o r e s t - F o r e s t  10,060 
F o r e s t - N o n f o r e s t  3,330 
Nonfores t -Fores t  1,810 
Nonfores t -Nonfores t  6 ,350  
Water 5.200 

CONCLUSIONS 

T h i s  s t u d y  has ana lyzed  changes i n  land  u s e  and v e g e t a t i o n  i n  p a r t s  of I l l i n o i s  and has 
s u g g e s t e d  how CIS and remote e e n s i n g  t o o l s  can a s s i s t  i n  such  e f f o r t s .  These t e c h n o l o g i e s  
a l l o w  d a t a  t o  be processed  s p a t i a l l y  s o  t h a t  c u r r e n t  l a n d  u s e  on i n d i v i d u a l  l a n d  p a r c e l s  
can be e v a l u a t e d  i n  c o n j u n c t i o n  w i t h  h i s t o r i c a l  I n f o r m a t i o n  on t h a t  p a r c e l .  T h i s  t y p e  of 
comparison is  a  c o n s i d e r a b l e  improvement over  t h e  a n a l y s i s  of summary s t a t i s t i c s  deduced 
from sampl ing  methods t h a t  do not  r e t a i n  t h e  i n t e g r i t y  of t h e  s p a t i a l  l o c a t i o n  of sample 
p l o t s .  Of c o u r s e ,  c a u t i o n  is  r e q u i r e d  i n  o v e r l a y  a n a l y s i s  eo t h a t  c a r t o g r a p h i c  and 
d i g i t i z i n g  e r r o r s  a t  t h e  d a t a  e n t r y  s t a g e  do not  t r a n s l a t e  t o  i n f o r m a t i o n  t h a t  i s  
unquestioned a t  t h e  oucput  s t a g e  / 3 2 / .  The major p r e r e q u i s i t e  f o r  a c c u r a t e  Long-term 
v e g e t a t i o n  a n a l y s i s  i s  a c c e s s  t o  q u a l i t y ,  map-reg is te red  d a t a  s e t s  t h a t  can be used i n  
d i g i t a l  form. The I l l i n o i s  CIS is f o r t u n a t e  i n  h a v i n g  much of t h i s  t y p e  of i n f o r m a t i o n .  

The GIs o v e r l a y  t e c h n i q u e s  f a c i l i t a t e d  t h e  e v a l u a t i o n  of l and-use  changes over  v a r i o u s  
p a r t s  of I l l i n o i s ,  an i n t e n s e l y  managed parc  of t h e  North American c o n t i n e n t .  Loss of 
n a t u r a l  h a b i t a t  h a s  been d r a m a t i c .  The t e c h n i q u e s  d e s c r i b e d  i n  t h i s  paper now a l l o w  u s  t o  
e v a l u a t e  changes i n  l a n d  use  on a  s i t e - s p e c i f i c  b a s i s .  T h i s  s i t e  s p e c i f i c i t y  w i l l  permi t  
l and-use  changes t o  be e v a l u a t e d  i n  an h i s t o r i c a l  p e r s p e c t i v e  and w i l l  a l l o w  p l a n n i n g  
d e c i s i o n s  t o  be made i n  t h e  c o n t e x t  of a  dynamic d a t a  base  c a p a b l e  of t r a c k i n g  c o n s t a n t l y  
c h a n g i n g  p a t t e r n s  of l and  use.  
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