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ABSTRACT 
ERTS-1 d ~ t a  acquired over the Houston area  has been analyzed f o r  

a p l i ca t ions  t o  f o r e s t  and range mapping. In the  f i e l d  of fo re s t ry  
tRe Sam Houston National Forest  (Texas) was chosen as a t e s t  s i t e .  
(Scene ID 1037-16244). Conventional imagery i n t e r p r e t a t i o n  a s  weli  
as  com u t e r  processirig methods were used t o  make classif ica: . ion maps 
of t imier  spec ie s ,  condit ion and land-use. The r e s u l t s  w6 re; ~ompared 
with timber s tand saps  which were obtained from a i r c r a f t  imbgery and 
ci.rcked i n  the  f i e l d .  The preliminary inves t iga t ions  show t h a t  con- 
ventional  i n t e r p r e t a t i o n  techniques indica ted  an accuracy in  c l a s s i -  
f i c a t i o n  of 63 percent .  The computer-aided i n t e r p r e t a t i o n s  made by 
a c lus t e r ing  technique gave 70 percent  accuracy. 

Computer-aided and conventional n u l t i s p e c t r a l  analys is  techniques 
were applied t o  range ve s t a t i o n  type mapping i n  the  gul f  coas t  marsh. 
TWO species  of s a l t  mars! grassas were mapped. Aside from t h e i r  
importance f o r  grazing and w i l d l i f e  h a b i t a t ,  the  separa t ion  of 
marahhay cordgrass ( S p a ~ t C n a  patrnml and gulf  cordgrass (Spart inu 
r a r t i n a r )  loca t ions  may be s i g n i f i c a n t  i n  coas t a l  zone management 
sfnce the na tu ra l  boundary between the  two species  approximately 
marks a chwpe i n  e l eva t ion  ar small a s  t h ree  inches above sea  l e v e l .  
Preliminary r e s u l t s  i nd ica t e  the  two types a r e  reparable i n  ERTS-1 
MSS d r t a ,  (Scene I D  1073-16251), both manually m d  automatically.  

1. INTRODUCTION 
The ERTS-1 Forest  and Range Analysis Teams a t  the  Johnson Space Center (JSC) 

are  inves t iga t ing  the  u t i l i t y  of ERTS-1 da ta  f o r  mapping f o r e s t  and range vege- 
t a t ion  types f o r  four  study areas  i n  the  Houston Area Tes t  S i t e .  This r epor t  
summarizes prel iminary r e s u l t s  from two of the  study a reas ,  the  Sam Houston 
Ntt ional  Forest Study S i t e ,  and the San Bernard Range Study S i t e .  

The authors acknowledge a i d  and cooperation f ron  personnel of the  USD9 
Foiest Service and the  U.S. Fish and Wildl i fe  Service  i n  these  inves t iga t*ons .  
Team leaders were G. R. Heath (Forest)  and H. D. Parker (Range). Other Lon- 
t r i bv t ing  members of t he  two m a l y s i r  t e a m  were: Pores'. Ieam - W. A. Kinkel 
and J .  E. Weaver; Range Team - J. M. D i s l e r ,  B. 6 .  Kan. D. T. Pendleton, 
A. Sim?n, and R. S. Trajo.  

2. THE FOREST INVBSTIGATION 
The U.S. Forest  Service has a nerd f o r  f o r e a t  resource !.nventory techniques 

which can be appl ied  ov r r  l a r ~ e  area# r a  i d l y  and with g rea t e r  e f f i c i ency  than 
procedures now used. The ERTr-l Forest  &alyais  Tean is a p l j i n g  conventional 
m d  computerized processing t o  SRTS-1 da ta  t o  inves t fga t e  !ts f o r  
f o r e s t  inver.tory applications. 

For th in  investigation, an area  8p roximately 7 x 9 kilometers i n  the  Sam 
Houston National Forest  was a o s e n  as tRe primary study a rea ,  because a l a rge  
u o u n t  of da ta  concernin it was av r i l ab le .  A aecondary a rea ,  composed of t he  
weat u n i t  05 t h e  Raven ~ f s t r i c t  , p a r t i a l l y  s u ~ r o u n d s  t h e  primary area.  The 
objec t ives  05 the atudy a re  t o  d e t r n i a e  d r t a ,  and t o  l ea rn  how the  da ta  c m  
be used t o  u k e  c l a s s i f i c a t i o n  maps, The d r t a  be in  used a r e  mul t i spect ra l  
s cmner  (MSS) tapes  m d  imagery f r a  t he  coverage of August 29, 1973, (Frame 
1037-16244). 
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Ground t r u t h  v r r  r broad c l r r s i f i c r t i o n  map of the  v r g r t r t i v r  cover, m d  
r r l r t r d  f o r r r t  f r r t u r r r  i n  tho r tudy rrrr. I t  war conr t ruc t rd  from r r r i r l  
photor and ground in rp rc t ion  

2 . 1  CONVENTIONAL PROCESSING 
To dr t r rminr  tho r i z r  of r r r r r  d r t r c t r d  by tho r m r o r r ,  r e p r e r r n t r t i v e  

f r r t u r r r  wrrr r r l r c t r d  on tho ground t r u t h  map. Critrrir wrrr e s t r b l i r h r d  f o r  
tho minimum r i z r  of arch f r r t u r r  t o  br  r v r l u r t r d ,  bared on For r r t  S r rv i c r  mmrgr- 
mrnt n r r d r ,  Thrrr  c r i t e r i a  wore 8 h r c t r r r r  ( 2 0  r c r r r )  f o r  timber types ,  1 5  
mr t r r r  (SO f o r t )  width fo r  r t r r u n r  m d  right-of-way, and 2 hectares  (5 r c r r r )  
for  w r t r r  impo~tnhrn t s  and r u r r l  r r t t l r m r n t r .  Pe r tu r r r  of t he re  minimum r i z r r ,  
and l a r g e r  f r r t u r r r ,  wrrr r r l r c t r d  f o r  r tudy,  and BRTS-1 imagery war rnr lyzrd  
f o r  d r t r c t i o n  qua l i t y .  Rr ru l t r  wrrr  t r b u l r t r d  f o r  a l l  MSS brndr f o r  the Goddrrd 
typo C color  comporitr, and f o r  r comporitr made rt the Johnson hprce Crnt r r .  

Band 4 (gr r rn)  war tho poor r r t  of the  four bmdr ;  i t  providrd very l i t t l e  
information, Band 5 (rod) war tho b r r t  band f o r  romr v r g r t r t i s n  types ,  but  it 
war poor fo r  d r t r c t i n g  hrrdwoodr m d  wrtrr b o t i r r .  Onr pine s tand f o r  four 
h r c t r r r r  (10 r c r r r )  war obrr rvrd ,  In band 6 (IR) hrrdwoodr bogan t o  rpp r r r  and 
wrtrr bodir r  r tood nut wel l ,  but  pino r t rnd r  wore l r r r  v i r i b l r .  B s d  7 [IR; had 
r i m i l r r  c h r r r c t r r i r t i c  rhowing hrrdwoodr b e a t ,  but  wrr s l i g h t l y  oo r r r  i n  g r n r r r l  
t h rn  brnd 6. Howrvrr, it r r v r r l r d  tho r u l l r r t  f r r t u r r  reon on ~ T S - 1  imagery 
by tho Q o r r r t  Tom,  r group of one h r c t r r r  ( 2  r c r r )  l r k r r .  Tho comporitr mrdr 
rt JSC producrl  tho b r r t  d r t r c t i o n  r r r u l t r  of a l l  the  media rxrminrd; tho Goddrrd 
colnporitr r r t r d  midway brtwrrn brndr 6 m d  7 ( t r b l r  1 ) .  

Trbl r  1 
Mrdir P r r t u r r r  Dr t r c t rd  

JSC Comporitr 2 1  of 30 
land 5 20 of 30 
Band 6 16 of 30 
Typo C Corpor i t r  15 of 30 
Bmd 7 1: of 3C 
Band 4 4 of 30 

C l r r r i f i c r t i o n  mr ping by r rvr r r :  m u l t i r y r c t r r l  rnhmcrmrnt m r t h ~ d r  i r  
l rnnrd  but  t h in  ro rk  I r  a t i l l  incomplrtr in oculr r~comprr iaon war p0rfomIld 

gotworn m 8 - 1  brnd 7 imrgrry and r i r c r r f ;  photor. A 9.9 t ru t rp r r rncy  war 
p l r c rd  i n  r rrrr p ro j r c t ion  v i rwrr  m d  r n l r r  r d  t o  25X. Thrn, tho v r r iou r  gray 
l r v r l r  wore d r l i n r r t r d  onto r t r a n r p r r r n t  mr!ilu l r c r d  on the  r c r r r n .  Thrrr  
( t ry  1rvr1r worm comprrtd with round t r u t h  and c ! r r r i f i c rq i  . onr wore r r r i g n r d  
which mart c l o r r l y  mrtchod tho fnorn c l r r r .  By p l r c i n  r g r i d  ovor both mrpr 
m d  b ~ o u n t i n 8  point. of rgrrrmont v'. d i r r g r r r n r n t ,  ! t war d r t r r r i n r d  t h a t  
tho d I ~ 8  imrgrry u t c h r d  63 percent  of tho ground t r u t h  c l r r r i f i c r t i o n r .  

2 .2  COMPUTER PROCBSSING 
Tho t o u r  l m r  t o  c l r r r i f y  tho r tudy rrrr urine r c l u r t r r i n  program rnd 8 

m r x i ~  i i ~ . ~ i R O o d  p r t t r r n  recognit ion procram. To d r t r  , only t i e  s l u r t o r i n g  
m a l y r i r  i r  complrtr ,  

As rhown i n  f igu re  1, which i l l u r t r r t r r  the  p r in tou t  of  r 24 -c lu r t r r  map 
the  symbol 1 i s  most p r r v r l r n t .  I t  fonnr r p r t t r r n  which moat c l o r r l y  rpproxf-  
mrtrr tho pine c r t rgo ry  i n  the  grsund t ru th .  Tho p r t t r r n  produced by the  
rymbol 7 rp  r r r r  noat  o f t en  where hrrdwoodr rrr found. I t  war obrr rvrd  t h a t  
u r t r i n  ca!inrtionr of rynbotr rrrmrd t o  f a l l  i n  pa t t e rns  which T ~ p r t a ~ n t ~ d  
o t h r r  c l a r r i f i c r t i o n r .  Por r;<unple, whrrrvrr  t h r r r  war r r i t e  p r r p r r r d  f o r  
pine r r&onr r r t i on  tho r  bola 2 ,  4,  7 ,  and 8 rp  r r r r d  t o g r t h r r  wi th  tho 2 '8  
p r rdmina t ing .  Uting t E r  mrthod, tho t a u  wor?rd up r coda 04 aymbolr and 
corbinr t ionr  of ry8bolr which r r p r r r r n t r d  tho  &round t r u t h  c l r r r r r . ,  m d  pro- 
vi&d r a r t  o f  rymbol r i g n r t u r r r  f o r  a rch  c l a r r ,  Othrr r  have u r rd  th in  tech- 
n i q w  of in to rp ro t in8  c lua to r  coabinr t ionr  and rrr f i n d k g  i t  u r r f u l .  

The r r r u l t i n  p r in tou t  up war t h r n  convrr t rd  t o  tho brae  8 rp  r c a l r  and 
mado i n t o  r l i n e  Lawin  . A conputatlon of tho r r r rnon t  botwoon tho c h r t o r r  
and g 0 0 ~ d  t r u t h  yiel&! 70 porcrnt  1# r r rmon t  if wt bo n p h r r l s r d  t h a t  f o r  



f o r e s t  c l a s s i f i c a t i o n ,  c l u s t e r i n g  a n a l y s i s  i s  an experimental  technique t h a t  j s  
s t i l l  under s t u d y ;  i t s  a n a l y s i s  r o l e  i s  no t  y e t  def ined .  

The t a p e  produced from t h e  c l u s t e r i n g  prcigram was then f i lm-recorded  on a  
Data Analysis  S t a t i o n  and s u b j e c t e d  t o  t h e  same comparative a n a l y s i s  3s t h e  
p r i n t e r  map. S ince  combinations o f  symbols could n o t  be r e p r e s e n t e d  by a  s i n g l e  
c o l o r  on t h e  f i l m  map, agreement was only 60 p e r c e n t ,  10 percen t  l e s s  than t h e  
r e s u l t s  of  t h e  p r i n t o u t  map a n a l y s i s .  

The team's nex t  s t e p  w i l l  be t o  a t t empt  e x t e n s i o n  o f  t h e s e  a n ~ l y s e s  t o  a  
secondary s tudy a r e a ,  wi th  l e s s  ground t r u t h .  

2 .3 SUMMARY 
The pre l iminary  r e s u l t s  i n  t h i s  r e p o r t  may be summarized as  fo l lows:  (1) 

f o r e s t  f e a t u r e  v i s i b i l i t y  i n  ERTS-1 imagery was very good, ( 2 )  t h e  o c u l a r  image;y 
i n t e r p r e t a t i o n  technique  was n o t  an e f f i c i e n t  method f o r  ana lyz ing  ERTS Cata 
on f o r e s t  c l a s s i f i c a t i o n ,  becuase o f  i t s  low (631) a  reement w i t h  ground t r u t h .  
and t h e  time i t  r e q u i r e d ,  and (3)  t h e  c l u s t e r i n g  tecffnique appears  p romis ing ,  
but  i t  needs f u r t h e r  t e s t i n g  and re f inement .  

3. THE RANGE INVESTIGATION 
The ERTS-1 Range Analys i s  Team i s  i n v e s t i g a t i n g  r h e  u t i l i t y  of  ERTS-1 d a t a  

f o r  mapping range v e g e t a t i o n  types  on t h e  San Bernard S i t e ,  west of t h e  San 
Bernard River  o u t l e t  on t h e  Texas Gulf Coas t .  Conventional  and computer-aided 
process ing  techniques  a r e  be ing  a p p l i e d  t o  ;he d a t a  s e t  acqui red  by t h e  s a t e l l i t e  
on October 4 ,  1972 (Scene 1073-16251). 

The San Bernard S i t e ,  about 370 km2 i n  a r e a ,  i s  t y p i c a l  of r u c h  of t h e  gu l f  
c o a s t a l  marsh i n  Texas and Louisiana.  The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  i s  
t o  determine t h e  accuracy w i t h  which t h e  two e a j o r  v e g e t a t i o n  zones i n  t h e  marsh 
could  be d i s t i n g u i s h e d  w i t h  ERTS-1 d a t a .  The zone nr , res t  t h e  w a t e r ,  a t  about 
0 - 2  inches above mean s e a  l e v e l  i s  c h a r a c t e r i z e d  by marshhay cordgrass  ( S p a r t i n u  
p a t e n s ) .  F requent ly  inundated by g u l f  w a t e r ,  it is  o f t e n  r e f e r r e d  t o  a s  "wet- 
lands".  Adjacent  and s l i g h t l y  h i g h e r  is  t h e  g u l f  cordgrass  ( S p a r t i n u  s p a r t i n a e )  
zone. Both t y p e s  produce l a r g e  amounts of l i v e s t o c k  forage  and prov ide  unique 
h a b i t a t  f o r  numerous w i l d l i f e  forms. 

The l i k e l i h o o d  of f u t u r e  i n c r e a s e s  i n  t h e  demand f o r  bo th  graz ing  and r e c r e -  
a t l o n  i n  t h e  marsh c r e a t e s  a  need f o r  in format ion  on t h e  amount and d i s t r i b u t i o n  
of v e g e t a t i o n  resources  which h , j  h e r e t o f o r e  been *?navailable over  l a r g e  a r e a s .  
I f  ERTS-1 d a t a  can r r o v i d e  such inventory  in format ion ,  i t  may be a  v a l u a b l e  t o o l  
f o r  t h e  h igh  i n t e n s i t y  management o f  t h e  r e s o u r c e  whZch t h i s  i n c r e a s e d  demand 
w i l l  r e q u i r e  i n  t h e  f u t u r e .  Another p o t e n t i a l  b e n e f i t  which may d r i v e  from 
s e p a r a t i o n  o f  t h e  two ~ ~ a r s h g r a s s  zones, is t h e  mapping o f  boundaries  between 
t h e  lower (wetland)  a r e a s  normally s u b j e c t  t o  i n u n d a t i o n ,  and t h e  d r i e r  p o r t i o n s  
of  t h e  marsh. T h i s  type o f  in format ion  would be v a l u a b l e  f o r  p lann ing  any 
development i n  t h e  marsh. 

Ground t r u t h  f o r  t h e  i n v e s t i g a t i o n  was a  v e g e t a t i o c  type  map, c o n s t r u c t e d  
from a i r c r a f t  photography and ground i n s p e c t i o n  o f  t h e  a r e a .  The boundary 
between t h e  two v e g e t a t i o n  t y p e s  was c l e a r l y  v i s i b l e  i n  l a t e  Spr ing  c o l o r  
i n f r a r e d  a i r c r a f t  photos.  The Saii Bernard S i t e  was d i v i d e d  i n t o  two a r e a s ,  
one f o r  t r a t n i n g  and referer .ce,  t h e  o t h e r  f o r  t e s t i n g .  A l l  image enhancements 
and computer t r a i n i n g  were done b r e f e r e n c e  t o  imagery o f  t h e  t r a i n i n g  a r e a ;  
l a t e r  ERTS d a t a  e v a l u a t i o n s  w i l l  i e  based on r e s u l t s  i n  t h e  t e s t  a r e a .  

3.1 CONVENTIONAL PROCESSING 
Conventional  p rocess ing  involved c o n s t r u c t i o n  o f  c o l o r  composi tbs ,  enhmced  

by r e f e r e n c e  t o  t h e  t r a i n i n g  a r e a ,  t o  d i s p l a y  t h e  boundaries  between t h e  two 
zones. 

Two examples o f  t h e  c o l o r  composi t rs  from convent iona l  p rocess ing  a r e  shown 
i n  f i g u r e s  2 and 3 .  Figure  2 was c o n s t r u c t e d  on a  mul t i -channe l  f i l m  viewer from 
p o r t i o n s  o f  9.5 i n c h  ERTS-1 ima e s  i n  bands 4 ,  5 ,  and 7. F igure  3 was genera ted  
from t h e  su i a a g e r y  on a n  a d d f t i v e  c o l o r  v i e r e r / p r i n t e r .  In b o t h  images, t h e  
d o t t e d  l i n e s  i n d i c a t e  v e g e t a t i o n  boundaries  f r c n  ground t r u t h .  

A c l u a n t i t a t i v e  measure o f  t h e  p r e c i s i o n  w i t h  which t h e  t y p e  boundar ies  were 
l o c a t e d  w i l l  be o b t a i n e d  by ~ l a n i m o t e r i n g  t h e  a r e a s  5 n t e r p r r t e d  i n  each type .  



3.2 COMPUTER PROCESSING 
As i n  the  f o r e s t  s t u d y ,  i n i t i a l  computer c l a s s i f i c a t i o n  of t h e  San Bernard 

d a t a  was done by c l u s t e r i n g .  BY r e f e r e n c e  t o  a  v e g e t a t i o n  type map of  t h e  
t r a i n i n g  a r e a ,  t h e  c l u s t e r s  were combined such t h a t  t h e  boundary between t h e  two 
v e g e t a t i o i ~  zones was approximated i n  t h e  ou tpu t  c l u s t e r  map, which was c o l o r -  
coded and f i lmed ,  ( f i g .  4 ) .  The c l u s t e r  combinations were:  

water  - 3 shades of b lue  - 3 c l ~ s t e r s  
woodland - brown - 1 c l u s t e r  
marshhay cordgrass  zone - yellow - 2 c l u s t e r s  
g u l f  cordgrass  zone - green - 3 c l u s t e r s  
u n c l a s s i f i e d  - white  - 3 c l u s t e r s  

The c l u s t e r s  coded white  ( u n c l a s s i f i e d )  were found t o  be non-vege ta ted  
f e a t u r e s  inc lud ing  beaches,  s p o i l  banks from dredging ,  and urban a r z a s ,  i n c l u d -  
ing t h e  c i t y  of F r e e p o r t ,  Texas. 

In  recen t  work t o  c o r r e l a t e  i n d i v i d u a l  c l u s t e r s  wi th  s p e c i f i c  grolmd. phe- 
nomena, confusion was observed between v e g e t a t i o n  i n  t h e  marshhay cordgrass  
zone, and burned p o r t i o n s  of t h e  gu l f  cordgrass  zone; both were inc luded  i n  t h e  
same c l u s t e r .  I n  a  subsequent  c l u s t e r i n g  run ,  t h i s  confus ion  was e l i m i n a t e d ,  
but  t h e  burned a r e a s  were c l u s t e r e d  w i t h  water  ( see  f i g .  5 ) .  Apparent ly,  w a t e r ,  
burned gulf  cordgrass  a r e a s ,  and t h e  m ~ r s h h a y  cordgrass  zone were m u l t i s p e c t r a l l y  
q u i t e  s i m i l a r .  Addi t iona l  d a t a ,  acqui red  a f t e r  regrowth has occurred on t h e  
burns ,  i s  expected t o  reduce o r  e l i m i n a t e  t h i s  confusion.  

The c l u s t e r  s t a t i s t i c s  genera ted  by t h e  c l u s t e r i n g  program were input  t o  
a  maximum l i k e l i h o o d  c l a s s i f i c a t i o n  program, t o  o b t a i n  a  superv ised  c l a s s i f i c a -  
t i o n  with a  c l a s s i f i c a t i o n  t h r e s h o l d  of  0 . 9 5  ( f i g .  5 ) .  The map produced was 
g e n e r a l l y  very s i m i l a r  t o  t h e  c l u s t e r  map, a s  expec ted .  However, t h e  l a r g e  
number of u n c l a s s i f i e d  (white)  d a t a  p o i n t s  sugges t s  t h a t  t h e  c l u s t e r  d i s t r i b u -  
t i o n s  were not  a s  t i g h t  a s  they  may appear  i n  t h e  c l u s t e r  map. Addi t iona l  
c l a s s i f i c a t i o n s ,  us ing  o t h e r  t h r e s h o l d  va lues  and s t a t i s t i c s  of  convent iona l  
t r a i n i n g  f i e l d s ,  have roduced c l a s s i f i c a t i o n s  very s i m i l a r  t o  t h e  map i n  f i g u r e  
I. That r e s u l t ,  and tRe s i m i l a r i t y  o f  t h e  c l u s t e r  map t o  t h e  v e g e t a t i o n  zone 
boundaries from ground t r u t h ,  i n d i c a t e s  t h a t  t h e  groups o f  c l u s t e r s  c o n s t r u c t e d  
d i d  provide a  reasonable  match w i t h  t h e  v e g e t a t i o n  zones. 

4 .  DISCUSSION 
Both t h e  f o r e s t  and range i n v e s t i g a t o r s  enc'ountered d i f f i c u l t y  i n  r e l a t i n g  

c l u s t e r s  t o  s p e c i f i c  ground f e a t u r e s .  With t h e  exceptj.on of  l a r g e ,  homoge~leous 
f e a t u r e s  such a s  water  m l  t r e e  s t a n d s ,  t h e  v e g e t a t i o n  types  d i d  no t  occur i n  
s i n g l e  c l u s t e r s  when t h e  c l u s t e r i n g  program was al lowed t o  run t o  s t a b l e  condi -  
t i o n s  ( i . e . ,  when a11 s p l i t t i n g  and re-combining was complete) .  Two approaches 
were taken ,  and a r e  con t inu ing ,  t o  s o l v e  t h i s  problem. 

The f i r s t  approach, i l l u s t r a t e d  i n  t h e s e  r e s u l t s  ( f i g .  4 )  was t o  l e t  t h e  
program run t o  s t a b i l i t y ,  b u t  then  combine c l u s t e r s  such t h a t  one o r  more a r e  
represen ted  by t h e  same symbol ( c o l o r ) .  The o t h e r  approach was t o  c o n s t r a i n  
t h e  program t o  g e n e r a t i o n  of  on ly  a  few c l u r t c r s  wi th  t h e  e x p e c t a t i o n  t h a t  on ly  
those  f e a t u r e s  of g r e a t e s t  n u l t i s p e c t r a l  c o n t r a s t  w i l l  be c l u s t e r e d ,  and f u r t h e r ,  
t h a t  those few c l u s t e r s  w i l l  c o i n c i d e  w i t h  v s g e t a t i o n  type  boundaries .  The f i r s t  
t r i a l  of t h i s  t echnique  on t h e  San Bernard S i t e  appeared t o  work w e l l  ( f i g .  5 ) .  
The program s u c c e s s f u l l y  made t h e  d i s t i n c t i o n  between t h e  two v e g e t a t i o n  zones 
wi thout  mani u l a t i o n  by t h e  i n v e s t i g a t o r s .  

AIthoUgR q u a n t i t a t i v e  eva1u.tions o f  a11 t e c h n i q u ~ s  must y e t  be completed, 
i t  appears  t h e  computer c l a s s i f i c a t i o n s  were s u  e r i o r  t o  t h e  convent iona l  image 
enhancements f o r  d e l i n e a t i n  t h e  boundaries .  TRis d i f f e r e n c e  i s  n o t  b e l i e v e d  
aue t o  more a c c u r a t e  c l a s s i ~ i c a t i o n s ,  however. Ra ther ,  t h e  s u p e r i o r  r e s o l u t i o n  
azhieved i n  t h e  f i n a l  a n a l y s i s  p roduc ts  from computer c l a s s i f i c a t i o n  rendered 
t h e  v e g e t a t i o n  t y  r boundaries  more d i s t i n c t .  

In  r-ary, l o t h  convent iona l  a d  cnmputer-aided process ing  techniques have 
been used s u c c ~ s s f u l l y  t o  d i s t i n g u i s h  between t h e  two marsh v e g e t a t i o n  zones. 
Although a q u a n t i t a t i v e  comparioon o f  t h e  p r e c i s i o n  o f  each  technique  must y e t  
be made, it appears  t h a t  ERTS-1 d a t a  is  capable  o f  p rov id ing  t h e  needed vege- 
ta t io- .  inven tory  in format ion  i n  wet land  a r e a s  along t h e  Texas c o a s t .  
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