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ABSTRACT

Pixel  data developed us ing image c lass i f icat ion
techniques is  f requent ty  d i f f icu l - t  to  conver t  to  a vector
GIS format  due to  the heterogenei ty  of  the p ixe l  data.
Convent ional  mathemat ica l ly  based f i l ters  of ten cause
degradat ion of  type boundar ies and at t r ibutes.  A ru les
based approach to  aggregat ing p ixe ls  and resul t ing
vegetat ion types based on the s imi lar i ty  o f  the data being
mapped is  presented.  Aggregat ion was accompl ished to both
f i ve -  and  fo r t y -ac re  m in imums fo r  a  212 ,000  ac re  po r t i on
o f  t he  s i x -m i I l i on  ac re  P ro jec t  A rea .  P re l im ina ry
comparat ive resul ts  and f ind ings of  th is  ru les*based p ixe l
aggregat ion to  f ive-  and for ty-acre min imum type s izes are
p resen ted  and  d i scussed .

INTRODUCTION

In  l a te  1990 ,  t he  Ca l i f o rn ia  Depar tmen t  o f  Fo res t r y
and Fi re Protect ion (COf)  awarded Geographic  Resource
Solut ions (cnS) the Klamath Prov ince Mapping Pi lo t .  Study.
This  p i lo t  s tudy was to  explore the methodologies and
log i s t i cs  requ i red  to  u t . i l i ze  image  c lass i f i ca t i on  and
automated mapping techniques to  map vegetat ion
character is t ics  of  s ix-mi11ion acres of  rugged t .er ra in  in
nor thern Cal i forn ia.  The study requi red that  Landsat  TM
sate l l i te  imagery be used as the data source to  ident i fy
and map vegetat ion types def ined by the Wi ld l i fe  Habi ta t
Re la t i ons  (WHR)  c lass i f i ca t i on  sys tem (Mayer  and
Laudens laye r ,  1988 ) .

A major  ob ject ive of  the pro ject  was to  develop and
use methodologies that  would be accurate and repeatable.
GRS developed a pro ject  work- f low ut i l iz ing vendor
suppl ied sof tware and GRS ut i l i t ies and programs that .  have
integrated the use of  image processing techniques wi th
gr id  model ing and GIS analys is .  This  methodology
incorporates ru les-dr iven p ixe l  aggregat ion in  a GIS
envi ronment  and a l lows for  the fu ture modi f icat ion of
c lass i f i ca t i on  ru les  w i thou t  hav ing  to  rec lass i f y  t he
imagery.  AIso inc luded in  th is  pro ject  was a compar ison
of  databases created us ing a f ive-acre min imum mapping
uni t  (mmu) database versus a for ty-acre mmu database.
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GRS-designed pixel aggregation techniques based on
decis ion weights  were used to develop and mainta in type
boundary and at t r ibute in tegr i ty  o f  both these databases.

This  paper  descr ibes the p ixe l  aggregat ion
methodologies used by GRS to create the WHR characterist ic
database f rom sate l l i t .e  image c lass i f icat ion data (see
companion paper by Brown and Fox, 1992) and the
comparative results of mapping to f ive- and forty-acre
min imum s ize mapping uni ts .

AGGREGATION IIIETHODOLOGY

The resul ts  of  the image c lass i f icat ion processes were
raster  gr ids that  normal ly  conta ined 1 50-200 c lasses and
somet imes as many as 300 d i f ferent  c lasses.  Large groups
of  homogeneous p ixe ls  that  met  the min imum s ize mapping
uni t  cr i ter ion were rare.  The p ixe l  gr ids consis ted of  a
very heterogenous mix of  p ixe ls  that  were f requent ly
iso lated or  found in  very smal l  groups of  p ixe ls  that  d id
not  form val id  s l -ze types.

The typ ica l  method of  resolv ing problems of  iso lated
indiv idual  or  smal l  groups of  p ixe ls  that  d i f fer  f rom
thei r  ne ighbor ing p ixe ls  is  to  f i l ter  the p ixe l  data and
remove these undesi rab le p ixe ls .  The va lue of  the
undesi rable p ixef (s)  is  a l tered to  smooth the image and
produce a c leaner  database.  Modal  f i l tersr  or  o ther
mathemat ica l ly  based f i l ters ,  are f requent ly  used to  a l ter
the va lue of  the undesi rab le p ixe l .  When us ing a modal
f i l ter ,  the p ixe l  va lue is  changed to ref lect  the p ixe l
type that  occurs most  f requent ly  in  the immediate area
(window) evaluated around the undesi rab le p ixet .  This
approach may be appropriate for pixels completely
surrounded by another type of pixel. However, modal
f i l ters  may be qui te  inappropr ia te when used to smooth or
clean pixel data representing small homogeneous groups of
data or  a long the edges of  d i f ferent  types,  where mixed
pixe ls  are commonly found.  fn  these s i tuat ions we found
that  modal  f i l ter ing had two negat ive impacts:  the edges
of stand boundaries were moved, and the stand
character is t ics  or  a t t r ibutes were incorrect ly  changed.
The  ma themat i ca l  f i l t . e r i ng  o f  a  p i xe l ( s )  de f i n i t e l y
e f fec ts  the  deL inea t i on  o f  s tand  t ypes ,  s ince  the
boundar ies wi l l  be modi f ied to  inc lude the modi f ied
p i xe l ( s ) .  F i l t e r i ng  may  a l so  a l t e r  t he  s tands
charac te r i s t i cs  to  re f l ec t  a  d i f f e ren t ,  I ess
representat ive type than the prev ious s tand type.  This
s i tuat ion occurs in  par t icu lar  a long the edges of
d i f ferent  types,  such as a coni fer  t ree type and a
grass land type.  I f  enough mixed p ixe ls ,  that  represent
some level  o f  t ree cover ,  are conver ted in to the grass land
type ,  a  m in imum pe rcen t  t ree  cove r  (e .9 .  10  pe rcen t )
threshold requi red for  a  t ree type def in i t ion may be
exceeded and the grassland type suddenly becomes a low
densi ty  coni fer  type.  cRS developed f i l ters  and
algor i thms designed to overcome these inadequacies and
ins tead  rec lass i f y  p i xe l s  based  on  the  s im i l a r i t y  o f  t he
undes i rab le  p i xe l ( s )  t o  i t s  ne ighbor ing  p i xe l s .



Aqqreqation Rules

The project workplan required a minimum size mapping
uni t  o f  for tv  acres for  the ent i re  s ix-mi l l ion acre
Pro jec t  A rea .  Tn  the  212 ,000  ac re  po r t i on  o f  t he  P ro jec t
Area located in Humboldt County, referred to as the
Wi ld l i fe  Pi lo t  Pro ject  Area,  a  separate map was developed
using a min imum s ize mapping uni t  o f  f ive acres.

Some vegetat ion types were recognized as s ign i f icant ly
different types that should not be aggregated with each
other ,  i f  poss ib le .  For  example,  non- t ree types such as
sma l l  c l ea rcu t  a reas ,  b rush f i e lds ,  p ra i r i es ,  o r  bod ies  o f
water should not always be merged into surrounding
vegetat ion types such as coni ferous forest ,  montane
hardwood/coni fer ,  and hardwood t .ypes.  Preservat ion of
d is t inct ly  d i f ferent  types helps to  mainta in the accuracy
of the mapping effort since fewer stands are generated
that  represent  a mixture of  s ign i f icant ly  d i f ferent  types,
so le ly  for  the purpose of  sat is fy ing a min imum s ize
mapping uni t .  The min imum s ize mapping uni t  obv ious ly
af fects  the accuracy of  any map to represent  what  is
present  on the ground.  The larger  the min imum s ize
mapping unit,  t .he greater the probabil i ty that the polygon
represents a diverse grouping of heterogeneous types that
could have been represented by smaller, more homogeneous
polygons i f  the min imum s ize mapping uni t  were smal ler .

GRS attempted to maintain polygon boundaries between
dis t inct ly  d i f ferent  types of  data.  Each major  vegetat ion
type could be ass igned i ts  own min imum s ize mapping
acreage thereby enabl ing the cont inued separat ion of
s ign i f i can t l y  d i ss im i l a r  t ypes .  Fo r  t he  f i na l  f o r t y -ac re
min imum s ize mdp,  t ree types were ass igned a for ty-acre
min imum s ize whi le  non- t ree types,  such as shrub,
herbaceous/grass land,  urban,  water ,  and barren were
assigned a min imum mapping s ize of  on ly  ten acres.  This
enabled the cont inued segregat ion of  smal l  but  s ign i f icant
types that  could not  be merged wi thout  a  potent ia l  loss or
degradat ion of  in format ion due to  inc lus ion wi th in  another
s tand .

The aggregat ion of  p ixe ls  in to polygons is  based on
two concepts:

1.  Datar  ds both p ixe ls  and sub-min imum s j -ze mapping
uni ts  or  s tands,  should be aggregated based on a
hierarch ia l  set  o f  ru les that  merges sub-min imum area
groups of  p ixe ls  and polygons in to the most  s imi lar
neighbor ing type.

2.  Data aggregat ion shoul -d be compensat ing.  The sum
of  the p ixe l  acreages by WHR character is t ic  should be
equal to the sum of the polygon acreages by WHR
charac te r i s t i c .  Th i s  wou ld  tend  to  i nd i ca te  tha t  b ias
is  not  in t roduced dur ing the aggregat ion process.  The
hierarchial rules must be developed and implemented
wiLhout  b ias towards any par t icu lar  type or  c1ass.
Note that  th is  pr inc ip le  cannot  a lways be demonstrated
as there may be new types that evolve from the



aggregat ion of  p ixels.  For example,  there are
individual pixels that represent the canopy structure
typer ds ei ther even or uneven-structure.  However,
there may be polygons that are characterized as
uneven-structure that contain no uneven-structure
pixels.  The uneven-structure character ist ic is
determined from the canopy cover by size class
distr ibution at the polygon level rather than the
st ructure c lasses of  the p ixe ls  wi th in  the polygon.
In addi t ion,  there may be sma1l  types of ten less than
the min imum s ize mapping uni t  which wi l l  be lost  i f
they must always be aggregated with other types to
form for ty-acre min imum stands.

The  i n i t i a l  un f i l t e red  image  c lass i f i ca t i on  resu l t s
ind icate vegetat ion type,  average s ize,  canopy cover ,  and
structure and are in the form of individual data elements
o r  p i xe l s  app rox ima te l y  0 .2  ac res  i n  s i ze .  Each  o f  t hese
indiv idual  p ixe ls  should be v iewed as an est imate of  the
WHR character is t ics  of  the area represented by that  p ixe l .
These ind iv idual  data e lements must  be aggregated to  form
polygons or  s tands representat ive of  groups of  p ixe ls
having s imi lar  WHR character is t ics .  Most  o f ten,  the
homogeneous groups of pixels that are identif ied are below
the min imum s ize mapping l imi ta t ions and do not  const i tu te
a va l id  s ize vegetat ion type by themselves.  These sub-
min imum s ize mapping uni ts  must  be merged or  absorbed in to
one of  the i r  ad jacent  cover  types.  GRS uses an
aggregation program, cal led GRS_aggregate, that estimates
which of  the adjacent  groups of  p ixe ls  (s tands)  is  most
s imi lar  to  the sub-min imum s ize mapping uni t .  The subject
s tand is  then merged wi th  the adjacent  s tand est imated to
be most  s imi l -ar .  This  aggregat ion process is  used to
f i l ter  ind iv idual  p ixe ls  dur ing the in i t ia l  s tages of
aggregat ion,  as wel l  as to  aggregate sub-min imum s ize
mapping uni ts  in to va l id  s ize polygons.

Pixe l  Level  Aqqreqat ion

At  the ind iv idual  p ixe l  level ,  aggregat ion fo l lows the
hierarch ia l  order  of  s ign i f icance as def ined by the WHR
class i f icat ion ru1es.  Ind iv idual  p ixe ls  and smal l  groups
o f  p i xe l s  ( i so la ted  b locks  no  l a rge r  t han  3  by  3  p i xe l s ) ,
that  are obvious ly  below the min imum s ize mapping uni t  are
aggregated with the neighboring group of pixels of the
most  s imi lar  type of  vegetat ion character is t ics .  Dur ing
the est imat ion of  s imi lar i ty ,  the fo l lowing order  of
vegetat ion forms is  recognized:  coni fers ,  montane
hardwood/coni fer ,  hardwood,  shrub/brush,
herbaceous/pra i r ie ,  barren,  urban,  and water .  At  th is
level  o f  aggregat ion,  the est imated s ize of  the t rees,
percent  crown c losure,  percent  coni fer ,  and predominant
spec ies  a re  a l so  eva lua ted .

In  order  to  apply  the guided f i l ter ing rout ines,  the
un f i l t e red  image  c lass i f i ca t i on  i s  f i r s t  rec lass i f i ed  to
ref lect  the WHR character is t ics  represented by each p ixeI .
The p ixe l  f i l ter ing is  appl ied to  the rec lass i f ied image
in mul t ip le  s tages us ing two separate f i l ter ing rout ines.
The  f i r s t  f i l t e r  rec lass i f i es  the  s ing le  i so la ted  p i xe l s



in to  the most  s imi lar  immediate ly  ad jacent  type.  This
f i l ter  considers p ixe ls  that  have a l ready been processed
to determine the opt imal  rec lass i f icat ion.  The second
f i l ter  removes isorated isrands of  r ike p ixe ls  that  do not
extend beyond a 3 by 3 pixel window. pixels that have
al ready been changed are a lso considered by th is  f i l ter .
The pixels of the isolated islands and groups are compared
to adjacent  groups and rec lass i f ied in to the most
appropriate group. The nature of these f i l ters requires
two to three applications of each f i l ter depending on the
complex i ty  of  the c lass i f icat ion and the number of  groups
creat .ed.  As these are gr id  processes,  i t  is  impor tant  to
rec lass i fy  those p ixe ls  most  s imi lar  to  surrounding p ixe ls
before rec lass i fy ing those p ixe ls  that  are fa i r ty
d i ss im i l a r  t o  a I I  ne ighbor ing  p i xe l s .

Pixe1 Group/Polvqon Aqqreoat ion

Pixe l  level  aggregat ion resuLts J-n groups of  p ixe ls
that range from small groups of as few as three or four
p ixe ls ,  to  large groups that .  a l ready exceed the min imum
area reguirements and form valid stands. The sub-minimum
size groupsr  or  types must  be aggregated wi th  other  sub-
min imum area groupsr  or  wi th  va l id  s ize groups to  form a
themat ic  database of  vat id  s ize types.  When sub-min imum
s ize  g roups  o f  p i xe l s  ( s tands )  a re  recogn ized ,  t he  sub -
min imum s ize mapping group is  aggregated wi th  the adjacent
group est imated to  be mosL s imi lar  to  the subject  area.
The character is t ics  of  each neighbor ing group are
evaluated to  develop an index of  s imi lar i ty .  A1l  o f  the
9VHR character is t ics  (vegetat ion type,  canopy densi ty ,  sLze
c lass (QMD) ,  and  canopy  s t ruc tu re )  a re  used  i n  th i s
evaluat ion.  fn  addi t ion,  severa l  o ther  at t r ibutes are
used in  th is  evaruat ion of  ecologica l ly  associated types:
these  va lues  a re  the  ma jo r  vege ta t i on  t ype  c lass  ( i . e .
coni fer ,  hardwood,  shrub,  herbaceous,  and so for th) ,  the
est imat .ed percent  t ree canopy c losure,  the est imated s ize
(quadrat ic  mean d iameter(eMD) ) ,  the predominant  species,
and the percent  coni fer  composi t ion.

Aggregat ion is  based on the premise that  i f  a l l  the
character is t . ics  of  ad jo in ing groups are s imi lar  except  for
one,  such as the t ree canopy cover ,  then the most  s imi lar
adjo in ing group is  the group wi th  the most  s imi lar  ( teast
d i f ferent)  t ree canopy cover .  Di f ferences between the
sub jec t  g roup ' s  cha rac te r i s t i cs  and  the  ad jacen t  g roups ,
character is t ics  are numer ica l ly  est imated to  enable a
guan t i t a t i ve  es t ima te  o f  s im i l a r i t y .  The  d i f f e rences o f

andstand character is t ics  are est imated as absorute varues
then summed to est imate a s imi lar i ty  index.

Aggregat ion choices that  involved only  one d i f ferent
character is t ic  are re la t ive ly  easy to  make as compared to
choices invoLving mul t ip le  d i f ferences.  Most  o f ten,
mul t ip le  d i f ferences,  such as t ree canopy cover ,  eMD, and
wHR type,  are observed.  some of  these types of  d i f ferences
(WHn type versus QMD) are more s ign i f icant  than others.
Levers of  s ign i f icance were est . imated and represented by
assigning weights  or  factors  to  the type of  d i f ference
being est imated.  The factors and re la t ionships used to



develop s imi lar i ty  ind ices were at tempts to  recognize
differences between WHR types and characterist ics and
ref lect  the WHR c l -ass i f icat ion ru les.  These weights  and
factors can be modi f ied to  ref lect  o ther  in terpretat ions
of  ecologica l  associat ions and the s ign i f icance of  the
vegetat ion character is t ics  .

The implementation of a rules based aggregation of
iso lated p ixe ls  and sub-min imum area groups of  p ixe ls  or
s tands us ing est imates of  s imi lar i ty  is  a  re la t ive ly  new
capabi l i ty  and is  heavi ly  re l iant  on ecologica l
re la t ionships and concepts.  For  example,  the associat ions
of Oregon white oak with grassland types and tanoak with
coniferous types must be known and included in the
est imat ion of  s imi lar i ty .  Hardwood p ixe ls  should be
merged wi th  the type that  the speci f ic  hardwood type is
associated wi th  in  i ts  natura l  range rather  than
generalizing and always putt ing a hardwood type with a
coni fer  type rather  than a grass land type.  Wi ld l i fe
habi ta t  regui rements should a lso p lay a s ign i f icant  ro le
in  the determinat ion of  the s ign i f icance of  d i f ferent
character is t ics  and the ro le  any character is t ic  p lays in
the aggregat ion of  data.  I f  w i ld l i fe  respond to t ree s ize
more than canopy cover, then the aggregation process
should preserve groups by s ize represent ing a var ie ty  of
densi t ies rather  than groups by densi ty  represent ing a
wide range of  s izes.  S ize groupings/c lass boundar ies may
also be s ign i f icant  wi th  respect  to  mapping wi ld l i fe
habi ta t  character is t ics .  These types of  re la t ionships may
be t rue for  some wi ld l i fe  species and not  o thers which
ind i ca tes  tha t  d i f f e ren t  maps  o f  w i l d l i f e  cha rac te r i s t i cs
could be developed for  d i f ferent  species that  each may
have the i r  own set  o f  aggregat ion ru les.  S imi lar ly ,  a
botanis t  may be more in terested in  species pur i ty  or
d ivers i ty  and may develop a d i f ferent  set  o f  ru les that
accentuates species d i f ferences.

fn  th is  p i lo t  pro ject ,  the h ierarch ia l  ru les tended to
p lace greater  emphasis  on the s imi lar i ty  o f  major
vegetat ion types,  t ree vegetat ion c lasses,  the predominant
coni fer  species type,  the canopy st ructure,  the percent
coni fer  composi t ion of  the s tand,  and the est imated eMD of
the t rees present .  Canopy cover  was a lso considered,  but
s ize (QMD) appeared to  be a more s ign i f icant  factor  in  the
aggregat ion process than was the canopy cover .  Thus,
areas of  s imi lar  sera l -  s tage of  d i f ferent  densi t ies would
be grouped rather  than grouping areas of  d i f ferent  sera l
s tages  o f  t he  same dens i t y  c lass .

Aggregat ion was per formed in  severa l  s teps,  s tar t ing
wi th low min imum acreage l imi ts  and progress ing to  l imi ts
of  f ive-  and for ty-acres as ident i f ied in  the object ives
of  the pro ject .  The aggregat ion process per formed in  one
s tep ,  f rom the  i n i t i a l  g roups  to  the  f i na l  l im i t s  i s
d i f f icu l t  to  process and appeared to  resul - t  in  larger ,
more genera l ized types,  than a s tep-wise aggregat ion
process.  The step-wise aggregat ion process involved
smarrer  s ize increases and tended to merge smal ler  numbers
of  s tands at  each step and thereby mainta in s tands of
s imi lar  character is t ics  rather  than merging many smaI I



stands at  once in to a few large genera l ized s tands.

An advantage of the step-wise approach is that maps
ref lect ing d i f ferent  min imum s ize mapping uni ts  are
developed as intermediate products of the aggregation
process. The f ive-acre map was generated from the
intermediate resul ts  of  aggregat ion us ing the in termediate
f ive-acre l imi ts .  The for ty-acre map was the resul t  o f
continuing the aggregation process using intermediate ten-
and twenty-acre l imi ts  and the f ina l  for ty-acre t imi t .
These databases were then vector ized us ing s tandard
vector izat ion rout ines.  The vectors were then smoothed,
using GRS software, segjoin, to remove the stair-step
appearance charact .er is t ic  o f  vectors der ived f rom
p ixe l ( ras te r )  da tabases  and  to  reduce  the  s i ze  o f  t he
database.  The character is t ics  of  the f inar  po lygons were
then determined and loaded in to the re la t ionar  database
tab les .

Est imat ion of  Polyqon Character is t ics

The f inar  est imate of  each standrs wHR character is t ics
is  based on the summar izat ion of  a l l  the d i f ferent  types
o f  un f i r t e red  image  c lass i f i ca t i on  p i xe l s  f ound  w i th in
each of  the f ina l  s tand boundar ies.  The p ixe ls  of  a l l
sub-min imum s ize mapping uni ts  that  are merged in t .o  a
f ina l  po lygon are inc luded in  the polygon summar ies.
Therefore,  inc lus ions of  sub-min imum s ize mapping uni ts
are conta ined in  the polygon p ixe l  summar ies.

Each polygon summary of unfi l tered image
c lass i f i ca t i on  p i xe l s  y ie lds  an  es t ima ted  d i s t r i bu t i on  o f
canopy cover  by species and s ize c lass.  An example of  one
of  these d is t r ibut ions is  shown in  Table 1.  Each
polygon's  character is t ics  are then est imated by evaruat ing
the  d i s t r i bu t i on  o f  cove r  by  spec ies  and  s i ze  c rass ,  us ing
the  WHR c lass i f i ca t i on  ru les  and  de f i n i t i ons .

Da ta  De f in i t i on

The character is t ics  est imated for  each polygon are
r is ted in  Table 2.  These character is t ics  incruded the wHR
vege ta t i on  t ype ,  t he  canopy  c losu re  c fass ,  t he  s i ze  c1ass ,
and the canopy st ructure c lassr  €rS wel l  as other  data
i tems that  prov ided addi t ionar  descr ip t ive in format ion
about  each stand.  The est imat ion of  these addi t ional
varues,  such as the est imated eMD or  the speci f ic  percent
of  canopy cover  enabres fu ture rec lass i f icat ion of  these
s tands  us ing  mod i f  i ed  o r  a l - t e rna t i ve  c r -ass  de f  i n i t i ons .
These addi t ional  data i tems were used dur ing the
aggregat ion process to  est imate the s imirar i ty  o f  ad jacent
s tands .



Table 1
Polygon Cover Density Summary

Stand:  1010
Total Number of Pixe]s: 498
Contributing Pixels: 498

HHR Type: Douglas-fir
Canopy Structure: UNEVEN
Size  C lass :  5  (36"+)
Density Class: SPARSE ( '12.72)

Stand Tree Density Surmary:
Stand:  1010

S ize  C lass :

Species

Doug'las-f i r
redwood
clos cone pine
misc.  coni fer
hardwoodC
hardwood
shrub/brush
cham/art
misc shrub
forb/herbac
duff/debri s
noncontri butor

Total Cover
Total Tree Cover

S ize  C lass :

Species

Douglas-fir
redwood
clos cone pine
misc. conifer
hardwoodC
hardwood

S ize  C lass :

Species

Doug 1 as-fi r

redwood

c los  cone  p i ne

misc.  coni fer

hardwoodC

hardwood

Quad Mean DBH

Quad llean DBI'I - C.orl

Quad l',lean DBH - Hwd

22 .02 26.47. s .3U 12.71

Non-Tree Total
Cover Cover

32.32
14.32'| 0. 3z
0 .97' l  s .9Z
1 . 7 2

4 .22  4 .22
4 .52  4 .52
0 .92  0 .92' t . 92  1 .92
6 . 1 2  6 . 1 2
4 . 1 2  4 . 1 2

23.s2 r00.0u

0-5"

3.82
2 .62
o . 1 2
0 .0u
3 .62
0 .02

10.27"

0-5 t t

5.07.
3 .3Z
0 . 1 2

4 .72
i 1 E

0-5"

3.  B"

+ .  I

4 . 2 "

0 . 0 "

4 . 0 t '

3 .9 "

3 . 9 "

3 . 9 "

4 . o t t

6-1 0"

8 .22
2 .02
4 . 1 2
0.82
6 .22
0 .42

6-1  0"

7 . 9 "

8 . 2 "

8 . 4 "

A  O r l

g . 0 t '

8 . 0 "

8 . 0 "

9 . 0 "

1 l -23"

10.42
2 .92
6 . 1 2
0 . 1 2
5 .72
0 .72

24-35"

3 .42
0 .72
0 .02
0 .02
0 .52
0 .62

24-35"

4 .47 ,
0 . 9 2
d i q

0 .02
0 .62
0 .82

6.97.

24-35"

28. B"

29.4"

0 .  0 "

0 . 0 "

2 8 . 8 "

3 l  . 4 "

2 9 . 1 "

28 .8"

?n ?rr

36"+

6.57,
6 .22
0 .02

0 .02
0 .0u

Tree
Cover

32.32
14.3fl
10.32
0 . 9 2

1  s .9Z
1 . 7 2

76.62
76.62

Tree
Cover

42.12
18.72
13.42
1 . 1 2

20.82
2 .32

1  00 .02

6-1 0"

10.77"
2 .72
5 .42
1 a q

B . 1 Z
n R 9

28.72

'I 1-23"

13.62
3.8U
8.07"
0 . 1 2
7.42

34.47"

I  I  -23"

1 6 . 2 "

1 6 . 0 "

I  3 . 6 "

1 3 . 5 "

' 1 6 .  1 "

1 4 . 3 "

' I  5 .6"

I  5 , 4 "

1  5 . 9 "

36"+

8.5t
8 . 1 2
i i q

0.07.
0 .02
o.0z

16.62Total Tree Cover 
'13.47"

Stand Quadratic Mean DBH Sunmary:
S tand :  1010

5 0 +

4 8 . 9 "

96.  B"

0 . 0 "

n  n l r

0 . 0 "

7 6 , 5 "

76 .5"

n  n l l

Tree
Cover

z J .  +

6 4 . 0 "

1 1  , 9 "

j -ltl

1 2 . 1 "

20.6"

33 .2 "

37 .3 "
' l  3 .  1"



Data r tem

s tand id
whrtyFe
pr_species
c losure c lass
densi ty-
other cover
pct_conifer
pct_hdwood
s ize  c lass
qmdbh
structure
forest_1and
acreage

integer
cha r (3 )
cha r (14 )
cha r (1  )
smal l f loat
smal l f loat
smal-1f  Ioat
smal l f loat
smal l in t
smal l f loat
cha r (1  )
cha r (1  )
smal l f loat

Table 2
Stand Attribute Definitions

Format Descr ip t ion

Stand (polygon)  ID Number
WHR Type
Predominate Species
WHR Closure Class
Pct  Tree Canopy Cover  (TC)
Pct  Other  Veget .  Cover
Pct  Coni fer  Cover  of  TC
Pct Hardwood Cover of TC
9VHR Size Class
Quadrat ic  Mean Diameter
WHR Structure Class
Forest land Type Flag
Acreage

RESULTS Al{D DISCUSSION

5l4O Acres -  Minimum Maooino unit  Size

The choice of  the appropr ia te min imum s ize acreage
used to develop a themat ic  database,  such as a WHR
database,  must  inc lude considerat ion of  the gual i ty  and
accuracy of  the database as wel l  as the usefu lness and
ease  o f  use  o f  t he  i n fo rma t ion .  Ve ry  de ta iLed  spec i f i c
stand data for very small size stands may be very accurate
but  unusable due to  the magni tude of  the database.
S im i la r l y ,  a  l ess  de ta i l ed  more  genera l i zed  da tabase  may
be of  the appropr ia te s ize,  but  i t  may not  inc lude the
speci f ic i ty  regui red to  develop re l iab le in format ion.
These issues of  s ize and speci f ic i ty  must  be balanced to
prov ide a usable accurate database that  meets the
ana ly t i ca l  needs  o f  t he  assessmen t .

A subset  o f  the Pro ject  Area located in  Humboldt
County and cover ing approx imate ly  212,400 acres was mapped
at  both the f ive-acre and for ty-acre min imum s ize mapping
uni ts  to  develop comparat ive databases.  These maps of
th is  area are pre l iminary in  nature,  as of  the t ime of
th is  wr i t ing,  ds they were developed at  a  point  in  the
p ro jec t  p r i o r  t o  f i na l i za t i on  o f  t he  image  c l -ass i f i ca t i on ,
p ixe l  f i l ter ing,  and aggregat ion processes used to map the
ent i re  Pro ject  Area.  F ina l  f ive-acre and for ty-acre maps
of  the Study Area wi l l  be developed consis tent  wi th  the
f i na l  c l ass i f i ca t i on  o f  t he  en t i re  P ro jec t  A rea .  The  da ta
conta ined in  these pre l iminary maps are usefu l  to  pro ject
t rends and re la t ionships associated wi th  aggregat ion and
d i f f e ren t  m in imum s i ze  mapp ing  l im i t s .

The forty-acre map was not based on an absolute forty*
acre min imum as the aggregat ion ru les a l l -owed ten-acre
min imum s ize uni ts  for  non- t ree vegetat ion types.  The
f ive-acre map does represent  a f ive-acre min imum for  a l - I
types.  This  map was the resul t  o f  in ter rupt ing the



aggregation process after reaching the f ive-acre minimum
size l imi t  and sav ing the in termediate resul ts .  The
forty-acre map was generated by al lowing the aggregation
process to  cont inue unt i l  the for ty-acre min imum s ize
I imi t .  was reached.  This  process took an addi t ional  four
hours of  process ing t ime.  Subseguent  vector izat ion and
attr ibution processes required an addit ional three to four
hours for the f ive-acre map as compared to the forty-acre
map so the end result was that each map took about the
same amount  of  to ta l  t ime to generate.

As was expected,  the f ive-acre min imum uni t  map
resul ted in  a larger  database than the for ty-acre min imum
uni t  map.  The acreage,  number of  s tands,  and average
s tand  ac reage  by  WHR C lass  a re  shown  in  Tab les  3 ,  4 ,5 ,
and 6.  There were 7897 polygons in  the f ive-acre map and
the average polygon s ize was 26.9 acres.  There were 1 31 1
polygons in the forty-acre map and the average size
polygon was 162.1 acres.  There were roughly  s ix  t imes as
many polygons in  the f ive-acre map as the for ty-acre map.
fnterest ing ly ,  the average acreages of  the s tands in  each
of  these pre l iminary maps are substant ia l ly  h igher ,  by at
Ieast  a  factor  o f  four ,  than the min imum s izes used in  the
formulat ion of  these maps.

The f ive-acre map was 3.8 megabytes in  s ize whereas
the  f o r t y -ac re  map  was  on l y  1 .2  megaby tes  i n  s i ze ,  o r  31 .6
percent  o f  the s ize of  the f ive acre mapr as measured in
an In tergraph GIS format .  F i les s izes in  an ARC/INFO
format  are pro jected to  be near ly  twice as large due to
t ,he d i f  ferent  data formats of  the two systems.  Both of
these test  databases are of  reasonable s ize,  however ,
mapping the ent i re  K1amath Prov ince (approx imate ly  19
mi l l ion acres)  at  these min imum s ize l i rn i ts  would resul t
in  ext remely large databases of  approx imate ly  342
megabytes and 1 0B megabytes and would require
s ign i f icant ly  more processing t ime to query,  model ,
analyze,  and repor t .  The WHR database,  for  an area
represent ing Cal i forn iar  or  even the Klamath Prov ince,
would represent  a very large database i f  mainta ined as an
indiv idual  coverage on a GIS.



Table 3
Acreage by tlap and tlHR fype

*"*'""" ;;;;;;.s-3:ffi.oi;;;;;- 1::::,:01::"fn^;::;:
A G S  2 , 1 8 7 . 2

B A R  2 , 0 8 8 . 8

c P c  8 1 1  . 7

D F R  7 9 , 5 2 3 . 7

K M C  1  6 , 6 1  0 . 3

M C P  7 3 6 . 9

M H C  7 0 , 2 6 5 . 0

M H W  1 4 , 8 8 1 . 1

R D W  4 , 3 0 6 . 0

UNDF 49.2

} l A T  1  4 ,  4 5 5 .  1

I { F R  6 , 7 2 0 . 8

T o t a l s  2 1 2 , 6 3 5 . 7

2 7  8 1  . 0  2 , 1 5 9  . 7

6 7  3 1  . 2  1  , 9 4 6 . 1

6 6  1 2 . 3  3 1 7 . 0

3 ,  4 0 9  2 3  - 3  8 4 , 7 0 3  . 2

8 1 3  2 0 . 4  1 4 , 0 4 4 . 2

3 0  2 4 . 6  6 5 1  . 7

2 , 3 7 7  2 9 . 5  7 6 , 9 1 6 . 4

7 4 8  1 9 . 9  9 , 8 7 5 . 5

1 7 2  2 5 . O  3 , 7 0 8 . 3

1 8  1 1 9 . 9

3 1  6 2 . 8

5  6 3 . 4

6 2 8  1 3 4 . 9

8 9  1 s 7 . 8

1 3  5 0 . 1

4 1 1  1 8 7 . 1

6 5  1 5 1 . 9

2 6  1 4 2 . 6

1  1 0 . 9

1 5  9 6 2 . 9

9  4 1 4 . 3

1 , 3 1 1  1 6 2 . 1

7  7 . 0 1 0 . 9

1  8  803 .1  14 ,443 .4

1  63  41  . 2  3 ,729 .9

7 ,897  26 .9  212 ,504 .2

AGS
BAR
cPc
DFR
KMC
MCP

= Herbaceous/forb
= Barren MHw
= Closed-cone pine
= Douglas-f i r
= Klamath mixed conifer
= Shrub

MHC = Montane hardwood/conifer
= Montane Hardwood

RDW = Redwood
UND = Undefined
WAT = Water
WFR = White f i r

Table 4
Acreage by Map and Density Class

Size  5-Acre  Map - - - - - - -  * * * * * * *  4Q-Acre  Map * : t * * *
Class Acreaqe Count Averaqe Acreaqe Count Averaqe

U N D F  1 5 , 5 4 3 . 9  8 5  1 9 4 . 6  1 6 , 3 8 9 . 5  4 6  3 5 6 . 3

D E N S E  1 6 4 , 0 2 5 . 1  5 , 8 2 2  2 g - 2  1 6 7 , 5 5 4 . 7  g B 3  1 7 0 . 5

M O D E R A T E  2 0 , 5 3 7 . 7  1 , 1 8 9  1 7 . 3  2 1 , 2 9 6 . 5  1 9 7  1 1 3 - g

o P E N  5 , 5 7 1 . 7  4 5 2  1 2 . 3  4 , 7 9 2 . 5  6 2  7 7 . 3

S P A R S E  5 , 9 5 7  . 4  3 4 9 1 7  . 1  2 , 4 8 0  . 9  3 3  7 5 . 2

T o t a l s  2 1 2 , 6 3 5 . 7  7 , 8 9 7  2 6 . 9  2 1 2 , 5 0 4 . 2  1 , 3 1 1  1 6 2 . 1



Table 5
Acreage by Map and Size Class

Size S-Acre Map -------  ******* A0-Acre Map : t , r***
Class Acreaqe Count Averaqe Acreaqe Count Averaqe

U N D F  1 9 , 4 6 7  . 9 1 4 2  1 3 7 . 1  1 9 , 1 9 9 . 9

0 - 5 t t 6 7 9 . 9 6 1  1 1 . 1 4 7  . 4

6 - 1 1 "  1 5 , 3 6 3 . 9  g g 0  1 5 . 5  9 , 2 9 0 . 5

1 2 - 2 3 "  1 0 6 , 4 8 4 . 7  3 , 7 4 3  2 9 . 4  1 0 7 , 1 4 6 . 9

2 4 - 3 5 "  2 9 , 6 0 0 . 0  1 , 2 0 6  2 4 . 5  2 9 , 9 6 4 . 2

3 6 " +  4 1  , 0 3 9 . 3  1  ,  ? 5 5  2 3 . 4  4 7  , 8 6 5 . 4

T o t a l s  2 1 2 , 6 3 5 . 7  7 , 8 9 7  2 6 . 9  2 1 2 , 5 0 4 . 2

7 7

1

8 1

s 8 0

2 1 0

362

1 , 3 1 1

249.3

4 7 . 4

102-2

1 8 4  - 7

1 4 2 . 7

132.2

1 6 2 . 1

Table 6
Acreage by Uap and Structure Class

Size S-ACre Map -------  *******  Q-ACre Map ** ' t r(**:k
C1ass Acreaqe Count Averaqe Acreaqe Count Averaqe

U N D F  1 9  , 4 6 7  . 9  1  4 2  1 3 7  - 1  1 9  , 1 9 9  . g 77 249 -3

E V E N  1 8 2 , 9 2 8 . 0  7 , 1 7 2  2 5 - 5  1 7 3 , 9 2 5 . 0  1 , 0 7 6  1 6 1  . 5

U N E V E N  1 0  , 2 3 9  . 7  5 8 3  1 7  - 6  1 9  , 4 7 9  . 3  1  5 8  1 2 3 . 3

T o t a l s  2 1 2 , 6 3 5 . 7  7 , 8 9 7  2 6 . 9  2 1 2 , 5 0 4 . 2  1 , 3 ' 1 1  1 6 2 . 1

A compar ison of  the f ive-acre and for ty-acre maps was
performed by spatial ly overlaying these two maps and
generating reports of how many acres were typed by WHR
character is t ic .  Four  tab les were generated represent ing
the  WHR types ,  canopy  dens i t y  c lasses ,  s i - ze  c lasses ,  and
structure c lasses present  in  both maps.  These tab les are
iden t . i f i ed  as  Tab les  7 ,  8 ,  9 ,  and  10  and  a re  p resen ted  i n
matr ix  form so that  i t  is  poss ib le  to  see how the acres
typed in  the f ive-acre map were typed in  the for ty-acre
map  and  v i sa  ve rsa .  Fo r  examp le ,  i n  Tab le  7 ,  79 ,475  ac res
were typed as Douglas- f i r  type in  the f ive-acre map and
84 ,659 .3  ac res  were  t yped  as  Doug las - f i r  i n  t he  fo r t y -
ac re  map .  661887 .9  ac res  were  t yped  as  Doug las - f i r  i n
bo th  e f fo r t s .  The  o the r  15 ,000  ac res  t yped  as  Doug las -
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f ir  in the f ive-acre map were aggregated into other types
in the for ty-acre map.  2,728 acres became Klamath Mixed
Coni fer ,  8r758.8 acres became Montane Hardwood/Coni fer ,
789 acres became redwood, and so forth. Of the
approx imate ly  18,000 acres that  was not  typed as Douglas-
f i r  in  the f ive-acre map,  but  was aggregated in to s tands
typed  as  Doug las - f i r  i n  t he  fo r t y -ac re  map , ' 1  , 808 .7  ac res
came f rom the Montane Hardwood/Coni fer  type |  7377.4 acres
came f rom the Klamath Mixed Coni fer  type ,  1040.7 acres
came from the redwood type, and so forth.

Overa l l ,  78.4 percent  o f  the acres by WHR vegetat ion
type were the same type in both the f ive-acre and forty-
ac re  maps .  80 .0  pe rcen t  o f  t he  ac res  by  S ize  C lass  were
the  same c lass  i n  each  hdp ,  89 .7  pe rcen t  o f  t he  ac res  by
Densi ty  Class were the same c lass in  each Rdp,  and 92.1
percent of the acres by Structure C1ass were the same
class in  each map.  These f igures might  be v iewed as an
indicator  o f  s tab i l i ty  wi th  respect  to  the change in  the
min imum s i ze  mapp ing  un i t .  A  ve ry  h igh  l eve l ,  such  as  99
percent  would ind icate that  the change in  min imum s ize
mapping uni t  had l i t t1e impact  on the mapped
character is t ics  of  that  type and that  the def in i t ion of
that  ru le  was insensi t ive to  changes of  the min imum s ize
mapping uni t .  A Iow level ,  such as 25 percent ,  would
ind icate the opposi te ,  that  the mapped character is t ics
were very much dependent on the minimum size mapping unit
and sensi t ive to  i ts  change.  The 'uneven st ructure '  ru le
is  an exampl-e of  a  ru le  that  appears to  be qui te  sensi t ive
to the min imum s ize mapping level  used in  th is  compar ison
as only  a th i rd  of  the 'uneven st ructure '  acres of  the 40-
acre map were c lass i f ied as 'uneven st ructure in  the 5-
acre map.

Review of  the changes in  acreage by type ind icates
that the aggregation process worked wellr ds small sub-
min imum s ize areas normal ly  tended to be aggregated in to a
s imi lar  type rather  than a complete ly  d iss imi lar  type.
Two t rends re la ted to  the aggregat ion process and the
min imum mapping s ize are ev ident  in  the in format ion in
these tab les.  One t rend is  re la ted to  the percent  o f  the
map that  a  c lass or  type compr ises.  Types account ing for
smal l  por t ions of  the overa l l  acreage tend to  decrease in
total acreage during the aggregation process whereas the
types that are most abundant tend to increase in overal l
acreage.  The sub-min imum s ize s tands of  less f requent
types are more 1 ike ly  ad jacent  to  s tands of  the more
f requent  types than to  s tands of  the less f reguent  types.
Therefore the more frequent types tend to dominate the
aggregat ion process as these types absorb acres of  sub-
min imum s ize s tands of  the less f reguent  types.  For
examp le ,  t he re  were  6 ,714 .1  ac res  t yped  as  wh i te  f i r  i n
the  f i ve *ac re  map .  The re  were  on l y  3 ,726 .8  ac res  t yped  as
whi te  f i r  in  the for ty-acre map.  This  decrease would tend
to ind icate that  a  large por t ion of  whi te  f i r  s tands are
Iess than the for ty-acre min imum. These acres were
aggregaLed into other WHR types, most notably the Klamath
Mixed Coni fer  and Douglas- f i r  types.



Table g
WHR DENSITY CLASS ACREAGE CORRELATION MATRIX

--- 5 AGE TYPES -__----
IfTIR TYPE T'NDT DENSE T'ODERATE OPEN SPARSE TOTAL
40 ACRE
TYPES

UNDF

DENSE

MODERATE

OPEN

SPARSE

TOTALS

PCT

1 6351

4 8

5 9

1 8

62

1  6 5 3 8

9 8 . 9 t

1 2

1  5 8 0 4 1

5  4 5 8

230

5 1

1  6 3 8 0 2

9 6 . 5 t

4

7 2 2 6

12216

9 7 6

1 0 4

20s26

s 9 . 5 t

0

1 1 5 4

2 2 1  6

1  945

2 5 2

ss68

3 4  . 9 t

1B  15385  99 .8 t

994  167463  94 .4 t

1312  21272  57 .4 * ,

1  61  I  4788  40 .6 *

2010  2479  81 .1 t

s9s3  21  2388

33 -8 t

Table 9
WHR STZE CLASS ACREAGE CORRELATION MATRTX

5 ACBE TYPES
IINDF 0-5" 6-11" 12-23" 24-35" 36"+ TOTAL pCTWTTR TYPE

40 ACRE
TYPES

UNDF

0 - 5 t t

6 - 1 1 "

12-23"

24-35"

3 6 t ' +

TOTALS

PCT

191 44

5 4

2 1 7

3 B

8

19462

9 8 . 4 *

6  2 0  1 8

4 7 0 0

291 6276 1647

285 8360 92105

38 621 8054

1 2  7 9  4 5 9 9

6 8 0  1  s 3 s 6  1 0 6 4 2 4

7 . 0 +  4 0 . 9 *  8 6 . s *

0  1 9 1 9 6  9 9 . 7 *

0  4 7  1 0 0 . 0 *

2  8278 75 .8 t

1  5 3 5  1  0 7 0 8 1  8 6 . 0 t

4182 29942 s6.8t

3s293 47844 73.8*

41012 212388

8 6 .  1 *

B

0

8

4577

1 7009

7 8 5  3

29456

5 7 . 7 *



Table 10
WHR STRUCTURE CLASS ACREAGE CORRELATION MATRIX

5 AGE TTPES
UNDT EVEN T'NSVB{ TOTAI,T{TIR TYPE

40 ACRE
TYPES

UNDT

EVEN

UNEVEN

TOTALS

PERCENT

PERCETTT

1  9 1  9 6  9 9 . 7 t

1 7 3 7 2 3  9 7 . 8 *

6667 19469 34.2+

10231 212388

65.2+,

There was not  a  corresponding sh i f t  o f  acres of  o ther
types in to the whi te  f i r  type,  ind icat ing that  sub-
min imum area types of  o ther  coni fer  species adjacent  to
the larger white f ir  types were aggregated into other more
s imi lar  coni fer  types,  such as Douglas- f i r  and Klamath
Mixed  Con i fe r .

The second t rend is  re la ted to  the d i f ference between
pure types,  such as Hardwood,  Douglas- f i r ,  or  Even Canopy
Structure,  and mixed types,  such as Montane
Hardwood/Conifer and Uneven Canopy Structure. As types
are aggregated,  the purer  types tend to  be d i lu ted when
merged  w i th  o the r  s im i l a r  bu t  s l i gh t l y  d i f f e ren t  t ypes .
The resul t ing types are more representat ive of  mixed types
or  condi t ions.  The f ive-acre map conta ins many smal l ,
more homogeneous types that often are representative of
purer  types.  The var iance of  the f ive-acre map is
pr imar i ly  between the d i f ferent  s tands and not  wi th in
them. For  example,  the smal l  types genera l ly  have a more
l imi ted range of  canopy heights  than the larger  types,  and
each stand genera l ly  tends to  represent  a fa i r ly  s imi lar ,
less var iab le,  group of  canopy heights .  However ,  ds the
smal ler  s tands are aggregated in to larger  s tands,  the
var iance of  the map data sh i f ts .  The var iance between
stands tends to  decrease and the var iance wi th in  s tands
increases,  resul t ing in  more s tands of  mixed types.  The
divers i ty  o f  the map is  now a lso conta ined wi th in  s tands
rather  than pr imar i ly  between the s tands.  For  example,
on l y  10 ,231 .5  ac res  were  t yped  as  ' uneven  s t ruc tu re '  i n
the  f i ve -ac re  map  and  182 ,695 .2  ac res  were  Lyped  as  ' even
s t ruc tu re '  ( see  Tab l -e  10 ) .  The  ' even  s t ruc tu re '  i s
character is t ic  o f  more homogeneous types.  Near ly  twice
the  ac reage ,  19 ,468 .9  ac res  was  t yped  as  tuneven

s t ruc tu re '  i n  t he  fo r t y -ac re  map  and  173 ,723 .0  ac res  were
typed  as  ' even  s t ruc tu re ' .  I n  t h i s  case ,  s tands  w i th
increased d ivers i ty  were created as the sub-min imum area
stands were aggregated.  Resul t ing s tands have suf f ic ient
d i ve rs i t y  o f  canopy  cove r  by  s i ze  c lass  to  be  c lass i f i ed
as 'uneven st ructure ' ,  a l though none of  the or ig ina l  smal l
types might  have been that  s t ructure type.  The mixed type

191 44

3 1 6

1

19462

9 8 . 4 1

5 2

169842

12801

182695

53.0 r

0

3s55



is derived from the aggregation of the small groups of
homogeneous but different types into larger types that
meet  the min imum area requi rements.  A s imi lar  s i tuat ion
exists regarding the increased acreages of the Montane
Hardwood/conifer crass and the decrease of the acrease of
the Montane Hardwood class.

I t  is  apparent  that  changes in  the min imum s ize
mapping uni t  can in f luence the resur t ing database.  smar l ,
Iess common types may tend to be lost as the aggregation
proceeds.  I f  these smal ler  less f requent  types are the
bas i s  fo r  c r i t i ca r  w i l d l i f e  hab i ta t  regu i remen ts ,  t hen  i t
appears that the larger minimum mapping size may tend to
underest imate the presence of  the less f requent  cr i t icar
hab i ta t  t ypes .  I n  add i t i on ,  d i s t i nc t  cha rac te r i s t i cs
necessa ry  fo r  c r i t i ca r  w i l d r i f e  hab i ta t  requ i remen ts ,  such
as large d iameter  t rees,  may be lost  in  the averages of
the aggregate of  the smal ler  types.  Note that  as the
uneven st ructure c lass increased by 9,2O0 acres,  there was
not  a corresponding increase in  the acres of  s ize crasses
4  and  5 .  These  s i ze  c lasses  i nc reased  on l y  7 ,300  ac res
indicat ing a sh i f t  o f  larger  s ize c lass acres to  the mid-
s i ze  c lass  ac res  i n  t hose  t ypes  tha t  d id  no t  sh i f t  f r om
the even to the uneven st ructure canopy c lass.  S ize
crasses 1 and 2 a lso ref lect  a  sh i f t  in  acreage toward the
mid -s i ze  c rass .  These  c lasses  to ta l  1  6035 .6  ac res  i n  t he
f i ve -ac re  map  bu t  on l y  8325 .3  ac res  i n  t he  fo r t y -ac re  map .
More than har f  o f  the s ize crass 2 acres in  the f ive-acre
map  a re  c lass i f i ed  as  s i ze  c lass  3  ac res  i n  t he  fo r t y -
acre map.

I f  d ivers i ty  is  ind icated by h igh between stand
var iance rather  than h igh wi th in  s tand var iance,  then
measures of  d ivers i ty  may a lso be in f luenced by the
select ion of  the min imum s ize mapping uni t .  smar l  min imum
size mapping uni ts  would tend to  ind icate h igher  d ivers i ty
in  s tand typ ing than would larger  min imum s ize l imi ts .
Ef fects  such as these must  be eval -uated to  determine the i r
impac t ( s )  on  mode led  w i l d l i f e  hab i ta t  re la t i onsh ips .  The
min imum mapping s ize is  par t ly  the resul t  o f  the
capab i l i t y  t o  accu ra te l y  desc r ibe  s tand  cha rac te r i s t i cs ,
but  i t  is  a lso due to  a concern regard ing the s ize of
these dat .abases.  Tradeof fs  between database s ize and ease
of  processing must  be balanced wi th  the loss of
spec i f i c i t y  i n  t he  da tabase .

Summary

Complex heterogenous pixel grids generated through
image  c lass i f i ca t i on  p rocesses  can  be  f i l t e red  us ing
rures-based aggregat ion processes.  Rure def in i t ion a lLows
grouping of  p ixe ls  wi th  respect  to  the type in format ion
the p ixers represent .  ra ther  than the mathemat ica l  va lue of
any ind iv idual  p ixe l  va lue.  Rules may be a l tered to
ref lect  s ign i f icant  aspects  or  re la t ionships of  the data
being processed,  inc lud ing species type and composi t ion,
cover ,  t ree s ize,  and canopy st ructure.  Data tends to  be
more genera l ized as Lypes are aggregated to  larger  and
la rge r  m in imum s i ze  spec i f i ca t i on .
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