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ABSTRACT

We present.  a var iat ion of the supervised approach to
image c lass i f i ca t ion  in  wh ich  spec i f i c  fo res t  s tand
attr ibutes are recognized as the label for a training area.
We have developed condit ion specif ic spectral  c lasses that
have lower var iances than classes developed by tradi t ional
methods .  We f ind  these c lasses  to  be  cons is ten t ly
correlat.ed to var ious forest types and less l ikely to
represent commission errors than the more var iabLe classes
developed by tradi t ional methods. The large number of
c lasses  (150-200)  thus  produced wou ld  be  d i f f i cu l t  to  hand le
i f  they were not aggregated into a polygon map. We also
describe a var i :a. t ion on the use of unsupervised Lraining,
fo r  c lass i fy ing  those reg ions  no t  c lass i f ied  by  superv ised
methods .

TNTRODUCTION

A recent ly  passed Ca l i fo rn ia  S ta te  Assembly  B i l I ,  AB'1580,  d i rec ts  the  Ca l i fo rn ia  S ta te  Resources  Agency  to
convene a Timberlands Task Force to improve t .he protect ion
of  w i ld l i fe  resources ,  and reso lve  issues  concern ing  the i r
management .  One o f  the  d i rec t i ves  w i th in  the  task  fo rce
workplan is to develop a coordinated base of scient i f ic
in fo rmat ion  regard ing  the  loca t ion ,  ex ten t ,  and spec ies
compos i t ion  o f  t imber land ecosys tems in  Ca l i fo rn ia .  Lack  o f
a comprehensive habitat  database of the detai l  and extent
necessary  to  mode l  w i ld l i fe  hab i ta ts  regu i red  tha t  new
timberlands information be developed. The Task Force
responded by ini t iat ing a pi lot  study, managed by the
Cal i fo rn ia  Depar tment  o f  Fores t ry  and F i re  p ro tec t ion  (CDF) ,
Forest and Rangelands Resources Assessment program (FRRAP),
that would ut i l ize Landsat satel l i te imagery and automated
data processing techniques to ident i fy and map habitat  types
on two study areas within the Klamath province in northern
C a l i f o r n i a .

CDF-FRRAP ini t iated a contract in 1 990 with Geographic
Resource  So lu t ions  (GRS) ,  an  image process ing  and GIS
consu l t ing  f i rm,  to  map Wi ld l i fe  Hab i ta t  Re la t ionsh ips  (Wgn)
cover  types  (Mayer  and Loudens layer ,  19BB)  over  a  s ix
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mi l l ion  acre  s tudy  area  in  nor thwest  and nor th -cent ra l
Ca l i fo rn ia .  GRS is  us ing  Landsat ,  Themat ic  Mapper ,  d ig i ta l
imagery to create this vegetat, ion 1ayer,  throughout the
project area. CDF-FRRAP, the Mapping and Wildl i fe Advisory
Committees, the Cal i fornia Interagency l . t i ldLi fe Task Group,
and GRS part ic ipated in the development of rules that,  would
ident i fy the WHR types and provide a systematic approach to
the  c lass i f i ca t ion  and de terminat ion  o f  WHR hab i ta t  Uypes
a n d  c l - a s s e s  ( T a b l e  1 ) .

Tab1e  1 :  C lass i f i ca t i on  Scheme fo r  WHR Types

WHR Vegetation Classes:

Suba lp ine  Con i fe r
Red F i r
Whi te  F i r
Doug las- f i r
Redwood
Cl-osed-Cone Pine /Cypress
Montane Hardwood/Conifer
Lodgepole Pine
Herbaceous /tr'orb
Water

Je f f rey  P ine
Ponderosa Pine
Easts ide  P ine
Pinyon-Juniper
Juniper
Mixed Con i fe r
Hardwood
Shrub
Barren

WHR Tree Canopy Closure Classes:

C1ass Canopy Closure

0 Non-vegetat ion types
1  . , 1 0  -  2 4 *  ( S P A R S E )
2  2 5  -  3 9 t  ( O P E N )
3 40  -  598 (MODERATE)
4  > =  6 0 t  ( D E N S E )

$lHR Canopy Closure Classes

Cl-ass Canopy Closure

2  1 0 -  3 9 t
3  > =  4 0 8

$IHR Size Classes:

Averaqe Tree Size
( Q M D )

Non-tree types
0 . 0  -  5 . 9 "
6 . 0  -  1 0 . 9 "

1 1 . 0  -  2 3 . 9 "
2 4 . 0  -  3 5 . 9 "

C I a s s

0
1
2
3
4
5

for non-tree vegetation:

WHR Structure Classes:

CIass  St ruc ture

UNDF Non-tree type
E Even
U Mul t i - layered(Uneven)

O b i e c t i v e s
The pr imary goal of

information about the
the pi lot  study has been to provide
feas ib i l i t y  o f  deve lop ing  GIS
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databases and mapping t imberrands using Landsat Thematic
Mapper  imagery .

Our  spec i f i c  ob jec t ives  are  to :

1 .  Def ine  a  methodo logy  fo r  deve lop ing  a  WHR hab i ta t ,
polygon database, based upon LandsaL image
classi f icat ion methods and raster t .o vector conversion
rou t ines ,  tha t  i s  feas ib le ,  repeatab le ,  and cos t -
e f fec t i ve  so  tha t  i t  cou ld  be  cons is ten t ly  app l ied  to
the ent ire state and enable automated map updites.

2 .  Compare  the  WHR hab i ta t  da tabase,  c rea ted  fo r  a  200,000
acre  subset  o f  the  pro jec t  a rea ,  us ing  a  S-acre  min imum
size  mapp ing  un i t  w i th  a  da ta  base o f  the  same reg ion ,
us ing  a  40-acre  min imum s ize  rnapp ing  un i t .

3 .  Per fo rm an assessment  o f  the  accuracy  o f  each WHR
charac ter is t i c  es t imated  us ing  th is  methodo logy .

Our purpose in this paper is to discuss the methodology
used fo r  Landsat  image c rass i f i ca t ion  ( the  f i rs t  par t  o f -
ob jec t ive  1  ) .  A  compan ion  paper ,  a l_so  in  th is  se ls ion ,  by
K.  S tumpf  and J .  Ko l tun  (1992)  w i l l  address  the  compar ison
of  min imum mapp ing  un i ts  (ob jec t ive  2)  and the  gene ia l  i ssue
of  conver t ing  ras ter  c lass i f i ca t ions  to  po lygon maps ( the
las t  par t  o f  ob jec t ive  1  ) .  The accuracy  assessmenl
(ob jec t ive  3)  i s  cur ren t ly  underway and w i r r  be  repor ted  a t
a  l a t e r  d a t e .

Pro iec t  Area
Two regions within the Kramath Ecological  province were

se lec ted  fo r  the  Mapp ing  p i lo t  S tudy ,  p ro jec t  Area
( F i g u r e  1  ) .

The coas ta l -  a rea  conta ins  approx imate ly  5 .2  mi l l ion  acres
and comprises Del Norte, Humboldt,  and Mendocino count ies.
The in land reg ion  is  a  1  mi r l ion  acre  rec tang le  centered
about  Mt .  shas ta .  These areas  were  chosen to  encompass  a
wide  var ie ty  o f  vegeta t ion  types ,  inc rud ing  the  ord  growth
redwood and Douglas-f i r  habitats of the noithern cal l fornia
coas t .  Wi th in  the  coas ta l  reg ion ,  a  smal le r  a rea  was
eval-uated to compare the effects of changing the minimum
mapping  un i t  f rom fo r ty ,  to  f i ve .acres  (s tumpf  and Ko l tun .
1 9 9 2 )  .

DIGITAL IIUAGE PROCESSING

we used rntergraph software and hardware and custom
programed u t i l i t i es  to  in tegra te  image process ing
techn igues ,  g r id  mode l ing ,  and GIS ana lys is .  Th is
methodology incorporat,ed a combinat ion of supervised and
unsuperv ised techn iques  to  c lass i fy  the  TM imagery .

Sate l l i te  Imaqerv
Five TM scenes provided the basis for the classi f icat ion

of the project area. The imagery was geo-corrected for
te r ra in  and sa te l l i te -o r ien ta t ion  d is to r t ions  and resampred
to a pixer size of 25 meters by Hughes srx corporat ion. Due
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K l a m a t h  P r o v i n c e
Study  A reas
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Fignrre 1. The study area for the Klamath mapping pi lot
p ro jec t

to unfavorable weather condit ions and the poor data qual i ty
o f  one scene,  the  f i ve  scenes used fo r  th is  p ro jec t  were
acguired on two di f ferent dates. Three of the scenes were
a c g u i r e d  o n  J u n e  2 7 ,  1 9 9 0  a n d  t w o ,  o n  M a y  1 ,  1 9 9 0 .  W e  d i d
not  cons ider  these to  be  op t imum dates .  Co inc ident  da tes  in
the early summer (near the summer solst ice) woul-d have been
preferable to minimize terrain shadowing and capture maximum
spect ra l  d ivers i ty  be tween fo res t  types .

Co l la te ra l  Data
Thematic data of di f ferent formats and from mult iple

sources have been translated and incorporated into the
pro jec t  da tabases .  These da ta  have ass is ted  in  the
organ iza t ion ,  p lann ing ,  and rev iew o f  the  c lass i f i ca t ion
processes .  Themes used in  th is  e f fo r t  inc lude:
t ranspor ta t ion ,  hydro logy ,  vegeta t ion  type ,  e leva t ion ,
ownersh ip ,  po l i t i ca l  boundar ies ,  Ia t i tude- Iong i tude
pro jec t ion  gr ids ,  and regenera t ion /s tock ing  s ta tus  da ta .
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col lateral  information was not incorporated into the wHR
classi f icat ion but rather we reLied on spectrar signature
alone to ident i fy WHR types. We fel t  strongly that s ince
t,his was a pi lot  project invest igat ing the appl icat ion of
image processing methods that the resurts should ref l -ect the
potent ial  of  these processes and not be enhanced or al tered
by including data, not based on image processing.
There fore ,  e leva t ion  daLa were  noL incruded to  d i f fe ren t ia te
between the locat ion of red f i r  and white f i r  stands and
soi l  informat. ion was not used to ident i fy areas that
probably supported Jeffrey pine stands rather than ponderosa
pine stands. This information may be incorporated l-ater in
the process, fol lowing the determinat ion of the accuracy of
the image processing technigues, i f  th is information
corrects problems ident i f ied during the accuracy assessment
phase o f  the  pro jec t .

fmaqe C lass i f i ca t ion  Techn iques
The compi lat ion of spectral  data for the WHR habitat .

del ineat ion required the development of image Lraining data
that was l- inked to quant i tat ive ground data. we used both
supervised and unsupervised training methods since both
training methods offer advantages and I imitat ions (Fox, et
d I ,  1983) .  The superv ised method is  based on  homogeneous
t ra in ing  areas  serec ted  to  deve lop  spec t ra r  c lasses  tha t
represent the vegetat ion classes, reguired for the mapping
pro jec t .  The unsuperv ised method is  based on  mathemat icar
cluster ing procedures that def ine spect.ral  crasses that may
or may not coincide with the vegetat ion classes required for
the mapping project.  The supervised method alone wourd have
l im i ted  the  f inar  c rass i f ied  map to  a  nar row se t  o f  poss ib le
c lasses ,  leav ing  a  por t ion  o f  the  image unc lass i f ied .  The
unsupervised method alone would have been based on spectral
in fo rmat ion .on ly ,  w i thout  regard  to  the  vegeta t ion  c lass
c h a r a c t e r i s t i c s  ( L i l L e s a n d  a n d  K i e f e r ,  1 9 8 7 ) .  o n c e  s p e c t r a l
signatures were def ined, a maximum l iker ihood algori t ,hm was
u s e d  t o  c l a s s i f y  t h e  p i x e l  i m a g e  ( F i g u r e  2 ) .

Our workf low deviates from the standard techniques
out l ined  in  many tex tbooks  (e9r  L i l resand and K ie fe r ,  1gB7)
in that we did not aggregate our spectral  t raining areas
into wHR categories in order to develop spectral  s ignatures
represent ing  a  par t i cu la r  WHR type.  Ins tead,  we kept  each
of our training areas separate and developed spectral
s ignatures  fo r  each t ra in ing  area .  The t ra in ing  areas  were
se l -ec ted  w i th  the  goa l  o f  encompass ing  spec t ra l  d ivers i ty
v is ib le  in  the  imagery  so  tha t  b la tan t ly  redundant  t ra in ing
areas were not def ined. This meant that we courd not rabel
a  t ra in ing  area  as  canopy c losure  c lass  3 ,  40-59  percent
cover,  for example, s ince that spectral  s ignature came from
one t ra in ing  area  w i th  one spec i f i c  canopy c losure ,  52 .3
percent .  We dec ided tha t  a  spec i f i c  percentage o f  canopy
crosure, developed from the ground transects taken in that
t ra in ing  area ,  was  a  be t te r  es t imate  o f  the  ac tua l  canopy
closure of the spectral  c l-ass than the wHR closure ctasl .
S imi la r ly ,  we labe led  each o f  the  superv ised spec t ra l
c lasses  w i th  spec i f i c  da ta  on  spec ies  compos i t ion ,  t ree
sLze, and percentage canopy closure. we therefore developed
spect ra l  c lass  labe ls  tha t  p rec ise ly  represented  the
at t r ibu tes  o f  the  p ixe ls  in  the  t ra in ing  area .
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Klonoth Prwlnce Mopplng Pllof Sfudy

tnoge Processl ng Workf low

Figure 2.
signatures

Schematic work
and c lass i fy ing

f low for developing spectral
Landsat Thematic Mapper Data.

A disadvantage of this approach is that we created a
large number of supervised spectral  c lasses (approximately
150 to  200,  depend ing  on  the  reg ion) .  Th is  p rec luded the
ab i l i t y  to  s imp ly  "co lo r  the  c lass i f i ca t ion"  and d isp lay  a
themat ic  map,  s ince  us ing  150 co lo rs  p roduces  a  very
confus ing  map d isp lay .  we d id  no t  fee l  th is  d isadvantage to
be a major problem since we were aggregat ing the pixel  map
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into polygon map in order to produce the f inal  vegetat ion
classi f icat ion and we could always aggregate the ioror
scheme by wHR type in order to produce an understandabre
d isp lay  o f  the  vegeta t ion  c lass i f i ca t ion .

€lpqrvised Traininq. Training sets were developed for
mur t ip le  TM scenes i f  they  shared the  same image icqu is i t ion
date and the same bio-region. Training was baled on data
col- lected from representat ive ground samples (stands) trrat
were homogeneous in terms of species, s ize, canopy cLosure
and structure. A matr ix of WHR types was developed to
ensure representat ion of al l  wHR at. tr ibutes present in t .he
study area. Ground sample transects were then located on
computer  sc reen d isp lays  o f  d ig i ta l  imagery  and d ig i t i zed
in to  a  Grs .  spec t ra r  s ta t i s t i cs  were  then deve loped to r
spectral ly homogeneous regions surrounding the sample
t r a n s e c t s .

The select ion of t raining areas for ground sampring was
based on  the  vegeta t ive  charac ter is t i c i  to  be  mapped dur ing
the  pro jec t  and the  spec t ra r  separab i r i t y  o f  the-  p ixe ls  in  a
par t i cu la r  t ra in ing  area .  p r io r  to  the  ground da la
co l lec t ion ,  fo res ters  f rom the  d i f fe ren t  reg ions  were
contacted and interviewed about the vegetat ion condit ions
encompassed by their  geographic area of responsibi l i ty or
ownership. These interviews proved useful  in f inding large
homogeneous areas  o f  des i red  s tand charac ter is t i cs .
Poten t ia l  t ra in ing  p lo ts  were  der ineated  on  uscs  ,  7 .5  minu te
guad maps,  o r thophoto  produc ts ,  and the  most  recent  aer ia l
photography avai labte from the var ious property owners.
These potent ial  t raining areas were reviewed for spectral
homogene i ty  be fore  da ta  were  co t lec ted .

Ground data were col lected for the development of
quant i ta t i ve  in fo rmat ion  on  spec ies  compos i€ ion ,  percent
canopy cover,  t ree size in terms of quadrat ic mean diameter
(QMD),  and canopy s t ruc tu re  f rom t ransec ts  loca ted  w i th in
each t ra in ing  area .  The ground " t ra in ing"  da ta  were
measured and co l lec ted  us ing  a  p in -po in t  t ransec t  method.
The sampl ing  t , ransec t  was  broken in lo  th ree ,  396_foo t
secL ions ,  tha t  were  l -a id  ou t  in  the  fo rm o f  a  t r iang le  to
insure t .hat each of these tr iangres was locat.ed within
perceived boundaries of homogeneous stands and away from
stand edges.  canopy c rosure  was ca lcu la ted  f rom a  se t  o f
1  00  t ransec t  po in ts .  The f ie ld  observer  v iewed ver t i ca l l v
upwards at each point using a custom designed periscop. "rra
recorded "c rown in te rsec t ion"  o r  "no  c ro" i  in te rsec t i6nr r .

After ground sampl ing, the training area rocat ions were
t rans fer red  in to  a  Grs  layer  us ing  a  tomputer  d ispray  o f
co lo r  compos i te  imagery ,  DLG data- rayers l  and f ie id  lu rvey
data-  A  s tand boundary  was d ig i t i zed  around the  t ra in ing '
p lo ts  and praced as  a  Grs  theme to  represent  a  t ra in ing  i r .u
9n t le  imagery .  we inc luded onry  those p ixe ls  tha t  we ie
immedia te ly  sur round ing  the  roca t ion  o f  I  f ie ld  daLa
co l lec t ion  area .  spec t ra l  var ia t ion  was min imized w i th in
the  t ra in ing  area  by  exc lud ing  those p ixers  exh ib i t ing  c rear
co lo r  d i f fe rences  as  they  were  d isp layed in  the  co lo r  image.
A TM band 5 ,4 ,3  (RGB)  fa lse-co lo r  compos i te  was used to
represent the three major parts of the TM spectrum in the
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co lo r  d isp lay :  midd le  in f ra red ,  near  in f ra red  and v is ib re .
six of the seven bancs of TM data were serected from the
training area for each spectral  cIass. The thermar infrared
band (TM6) was excluded due to high var iances evident in
this band. These classes were homogeneous spectral ly,
having maximum single band standard deviat ions of 1 5 digi tal
numbers or less

The supervised training areas were then evaruated for
spectrar separabi l i ty using Eucl idean and J-M distance
s ta t i s t i cs .  For  the  por t ions  o f  the  s tudy  area  comple ted
thus far,  98 percent of the supervised classes were judged
to be separable from each other spectral ly.  rhe insepaiable
classes were of ear ly succession prantat ions represenl i . tg
the same wHR type so that spectral  discr iminat ion was trof.
expec ted  or  necessary .

Sgpery:LSed Classi f icaLion. Al l  TM bands (except band 6)
and several  t ransformed bands (NDVr, TM4-TM3/rrqairms; TVr,
sguare  roo t  o f  NDVI ;  ARCTAN,  arc  tangent  o f  TM4/TM3;  pC1,
the f  i rst  pr incipal component of TM1 ,  Ttt t2,  and TM3 ) were
cons idered fo r  use  in  the  f ina l  c rass i f i ca t ion .  rn  o rder  to
evaruate  c rass i f i ca t ion  per fo rmance,  a l l  poss ib re  band
combinat ions incruding transformed bands were used to
produce mul t ip re  c lass i f i ca t ions  o f  on ly  the  p ixe ls  in  the
training areas. Error analysis reports from Lhese
crass i f i ca t ions  were  rev iewed and bands were  se lec ted  to
max imize  cor rec t  c rass i f i ca t ion  thus  min imize  band to  band
cor re la t ion .  Th is  se lec t ion  method y ie lded d i f fe ren t  band
combinat ions  fo r  d i f fe ren t  geograph icar  a reas .  For  example ,
two spectral  bands, TM bands 4 and 5, and two transformed
bands,  the  t rans formed vegeta t ion  index  (TVI )  and the  f i rs t
p r inc ipa l  component  o f  TM bands 1 ,  2  and 3 ,  where  se lec ted
for  c l -ass i f iea t ion  o f  a r r  hab i ta t  components  (spec ies ,  s j , ze ,
canopy cLosure ,  s t ruc tu re)  in  a  por t ion  o f  the  coas ta l_  s tudy
area.  A  max imum l i ke l ihood c lass i f ie r  was  t .hen used to
per fo rm the  c lass i f i ca t ion .

-  uns-q:ervised Traininq. Approximately 15 percent of a TM
data  se t  remained unc lass i f ied  a f te r  c tass i f i ca t ion  w i th  a
two-s tandard  dev ia t ion  th reshord  praced on  the  superv ised
c lass i f ie r .  rn  o rder  to  c lass i fy  the  remainder  o i  the
image,  an  unsuperv ised c lus te r ing  a lgor i thm was used to
genera te  unsuperv ised s ta t i s t i cs  fo r  about  85  unsuperv ised
spect ra l  c lasses .  The same TM bands were  used in  

^ the

deve lopment  o f  these s ta t i s t . i cs  as  were  used to  c rass i fy  the
supervised training areas. The number of unsupervised
crasses developed was dependent on the standard deviat ion
and the  Euc l idean d is tances  o f  the  c lasses  a f t .e r  two
i t .e ra t ions .  r f  the  var iance w i th in  a  c rass  or  any  number  o f
classes was above a desired lever of 1 5 digi tal  numbers or
i f  the  Euc l idean d is tances  be tween c lasses  was cons idered
too  c rose  ( less  than B d ig i ta r  numbers)  to  be  cons idered
unigue, then changes were made in the parameters for the
c lus ter ing  a lgor i thm to  merge or  d iv ide  t r re  c lasses .  Th is
process  was cont inued un t i r  the  t ra in ing  s ta t i s t i cs  met  the
des i red  c r i te r ia  and migra t ioh  o f  da ta  Setween c l_asses
s t o p p e d .
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unsuperv ised c rass i f i ca t ion .  The unsuperv ised c rass
stat ist ics were used to dr ive a maximum t i tet ihood
c lass i f i ca t ion  w i th  the  same bands used in  the  superv ised
approach. This process classi f ied approximately 

-90 
percent

o f  the  image.  Th is  p rocess  was used-Lo c lass i fy  the  en t i re
image,  no t  jus t  the  p ixe ls  1e f t  unc lass i f ied  by  the
superv ised methods .

_  Labe l inq  unsupgrv ised c lasses .  some o f  the  unsuperv ised
crasses developed represented non-forest types and were
easi ly ident i f igd i l  homogeneous regions on- the image,
spat ial ly correlated with aerial  photographs, ana t ieia
notes, and label-ed accordingly.  However,  some of these
c lasses  were  assoc ia ted  w i th  fo res t  types ,  he terogeneous in
their  spat ial  arrangement and exceedingry airr i_cutt  to
I a b e l .

A spat ial ,  Grs overray between the supervised and the
unsuperv ised c lass i f i ca t ions  was used to  p roduce a  repor t
r i s t ing  a l l  the  unsuperv ised c rasses  tha t  were  needed to
compre te  the  f inar  c lass i f i ca t ion .  That  i s ,  an  unc lass i f ied
area in  the  superv ised c lass i f i ca t ion  was " f i l l ed  in "  by  one
or  severa l  c lasses  f rom the  unsuperv ised c rass i f i ca t ion .  A
second overlay was then performed between the two
c lass i f i ca t ions  to  genera te  a  l i s t  o f  a r r  the  unsuperv ised
crasses  and the i r  cor respond ing  superv ised c rasses  ( tha t  i s ,
the  c lass  varues  tha t  share  the  same p ixe l  loca t ion j .  A
summary tabre showing the number of supervised crasses
represented by each of the unsupervised classes was
generated using- gr id analysG software. An example is
presented  in  Tab le  2 .

Table 2 r  Di " t r ibr l io !  o f  "no"r r i " .d  .1 . " " . "  * i th i r  or". ,unsuperv ised c lass

Unsupervised
C I a s s

1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5

Supervised
Class Number of pixels

n

1
1 6
2 8
2 9
5 0
5 2
5 4
5 5

1  5 0 4 0
8204
5 7  4 4

1 0
3221
2626
1 1  4 6
9 8 0 3

1 4 0

- This summary table was then referenced as a cr-ass
descript ion by t le aggregation sofLware that we developed togenerate labels for the unsupervised crasses, that *eri usedto f i l l  unc lass i f ied areas in  t r re  superv ised c l_ass i f icat ion.
The labeling program assigns labels ior the unsupervised
spectral classes based on the freguency distr ibul ion of
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supervised classes that correspond to each unsupervised
c lass .  Of  course  there  is  a lways  the  poss ib i l i t y  tha t  an
unsuperv ised spec t ra l  c lass  migh t .  be  comple tery  unc lass i f ied
wi th  respec t  to  the  superv ised c lass i f i ca t ion .  Th is  wourd
indicate that more training dat.a were needed to character ize
th is  unsuperv ised c lass .

FTNAT THOUGHTS

Prel iminary accuracy assessments indicate the spectral
c lasses  represented  by  these methods  are  more  speCi r ic  to
one par t i cu l -a r  vegeta t ion  cond i t ion  and s i te ,  than spec t ra l
c lasses  genera ted  us ing  more  convent ionar  techn iques .  The
main di f ference with our approach is that many more classes
are  genera ted ,  and c lass  var iance is  much lower  than c lasses
deveroped f rom convent iona l  techn iques .  Def in ing  prec ise
spec t ra l  s ignatures  is  des i reab le  ye t  dea l ing  w i th  200
spect ra l  c lasses  is  undes i rab le .  we were  ab le  to  work  w i th
large numbers of spectral  crasses since we used the pixel
c lass i f i ca t ion  on ly  as  an  in te rmed ia te  p roduc t .  The f ina l
polygon map was aggregated from the pixel  data.
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