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Abstract 

Identification of opportunities for silvicultural 
treatment from inventory data is an important objec- 
tive of Renewable Resources Evaluation in the Pacific 
Northwest. This paper describes the field plot 
design and data analysis procedure used by what used 
to be known as Forest Survey to determine the treat- 
ment opportunity associated with each inventory plot 
in western Oregon and Washington. Information thus 
obtained should be of considerable interest to 
planners, legislators, and public administrators. 
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T r a d i t i o n a l l y ,  f o r e s t  i n v e n t o r i e s  were u n d e r t a k e n  to  d e t e r m i n e  t h e  
a v a i l a b l e  s u p p l y  of m e r c h a n t a b l e  t imbe r .  When o ld- growth  t i m b e r  was 
a b u n d a n t  and  f u t u r e  timber n e e d s  c o u l d  be m e t  f rom s t o r e d  stocks, s u c h  
i n v e n t o r i e s  m e t  t h e  n e e d s  o f  b o t h  managers  and  p l a n n e r s .  As old- growth  
stocks d w i n d l e d ,  however,  i n t e r e s t  i n  immature s t a n d s  and c u t o v e r s- - t h e  
l i k e l y  s o u r c e  of f u t u r e  s u p p l i e s- i n c r e a s e d  marked ly .  Thus,  t h e r e  was a 
need  to  b r o a d e n  timber i n v e n t o r y  d e s i g n  to  i n c l u d e  c o l l e c t i o n  of t h e  d a t a  
needed to  assess t h e  c o n d i t i o n  o f  c u t o v e r s  and  i d e n t i f y  o p p o r t u n i t i e s  t o  
improve y i e l d s  t h r o u g h  s i l v i c u l t u r a l  practice. 

I n  o r d e r  t o  meet t h e s e  i n f o r m a t i o n  n e e d s ,  new i n v e n t o r y  d e s i g n s  were 
The most common a p p r o a c h  ( S t a g e  and  A l l e y  1972)  (USDA Forest d e v e l o p e d .  

S e r v i c e ,  P a c i f i c  N o r t h w e s t  Region u n d a t e d )  ( H a r d i n g  1973)  is to  prepare a 
1 0 0- p e r c e n t  s t a n d  map and  t h e n  to  sample a r e p r e s e n t a t i v e  p r o p o r t i o n  of 
t h e  s t a n d s ,  c o l l e c t i n g  i n v e n t o r y  d a t a  f rom a series of sample p o i n t s .  
Unsampled s t a n d s  are u s u a l l y  c l a s s i f i e d  by p h o t o  i n t e r p r e t a t i o n .  The cost 
o f  s u c h  i n v e n t o r i e s  is h i g h ,  b u t  t h e  manager of t h e  f o r e s t  p r o p e r t y  o b t a i n s  
t h e  needed  i n- p l a c e  i n f o r m a t i o n  a b o u t  t h e  c h a r a c t e r i s t i c s  and  t r e a t m e n t  
n e e d s  o f  specific forest s t a n d s .  

R e g i o n a l  and  n a t i o n a l  p l a n n e r s  a lso need to  know t h e  c o n d i t i o n  of 
c u t o v e r  l a n d s  and  t h e  e x t e n t  of e x i s t i n g  o p p o r t u n i t i e s  for s i l v i c u l t u r a l  
t r e a t m e n t ,  b u t  t h e y  d o  n o t  need to  know t h e  e x a c t  l o c a t i o n  o f  e a c h  treat-  
able s t a n d .  
e n t i r e l y  o n  sample data ,  are p o t e n t i a l l y  capable of p r o v i d i n g  t h e  i n f o r -  
m a t i o n  needed  for p l a n n i n g .  

Thus,  less c o s t l y  Forest S u r v e y  i n v e n t o r i e s , 1 /  based  

The f i r s t  major Forest S e r v i c e  e f f o r t  t o  assess t h e  c o n d i t i o n  o f  young- 
g r o w t h  forests and  c u t o v e r s  was t h e  "Timber R e s o u r c e s  Review" (USDA F o r e s t  
S e r v i c e  1 9 5 8 ) .  Much of t h i s  a s s e s s m e n t  was based  on special s u r v e y s  t a k e n  
t o  f i l l  i n  t h e  g a p s  i n  Renewable R e s o u r c e s  E v a l u a t i o n  d a t a .  T h i s  e x p e r i -  
e n c e  t r i g g e r e d  a s u b s t a n t i a l  e f fo r t  to  d e s i g n  Forest S u r v e y s  t h a t  were 
more u s e f u l  for a s s e s s i n g  forest c o n d i t i o n  and  i d e n t i f y i n g  o p p o r t u n i t i e s  
for  s i l v i c u l t u r a l  t r e a t m e n t .  One p r o d u c t  o f  t h i s  e f f o r t  was a 1 0- p o i n t ,  
v a r i a b l e - r a d i u s  p lo t  c l u s t e r  d e s i g n e d  to  sample a b o u t  a n  acre.2/ I n  t h e  
P a c i f i c  N o r t h w e s t  t h i s  1 0- p o i n t  plot was i n s t a l l e d  o n  a 3.4-mile 
(5 470-meter) g r i d  t h a t  sampled a l l  c o n d i t i o n s  o f  f o r e s t  l a n d  w i t h  e q u a l  
i n t e n s i t y .  

~ ~- 

1/Regularly s c h e d u l e d  Forest S u r v e y s  are c o n d u c t e d  n a t i o n w i d e ,  by 
Renewable R e s o u r c e s  E v a l u a t i o n  Research, a project of t h e  USDA Forest 
S e r v i c e .  The Pacific N o r t h w e s t  Forest and  Range Exper iment  S t a t i o n  
c o n d u c t s  t h e  s u r v e y  i n  A l a s k a ,  C a l i f o r n i a ,  H a w a i i ,  Oregon, and 
Washing t on .  

m a n u s c r i p t  o n  f i l e  a t  P a c i f i c  N o r t h w e s t  F o r e s t  and  Range Exper iment  
S t a t i o n ,  P o r t l a n d ,  Oreg. 

2/A. A.  Hasel, P l o t  d e s i g n  of t h e  Forest Survey .  Unpubl i shed  



S e v e r a l  a n a l y s t s  found  t h e  new i n v e n t o r y  d a t a  u s e f u l  t o  i d e n t i f y  t r e a t-  
ment  o p p o r t u n i t i e s  ( F i g h t  and  Gedney 1973,  Gansner ,  e t  a l .  1 9 7 3 ) .  I n  t h e  
P a c i f i c  N o r t h w e s t ,  F i g h t  and Gedney i d e n t i f i e d  t r e a t m e n t  o p p o r t u n i t i e s  by 
s o r t i n g  i n v e n t o r y  plots  i n t o  o w n e r s h i p ,  a g e  c lass ,  s t o c k i n g  c lass ,  and  
b r o a d  f o r e s t  t y p e s .  Thus,  p o o r l y  s t o c k e d  s t a n d s  were p l a n t i n g  o p p o r t u-  
n i t i e s ,  hardwood s t a n d s  o n  c o n i f e r  s i t e  were c o n v e r s i o n  o p p o r t u n i t i e s ,  
w e l l - s t o c k e d  s t a n d s  aged  1 0  t o  30 were precommercial t h i n n i n g  
oppo r t u n i t  i e  s, e tc . 

Although t h e  app roach  p roduced  much u s e f u l  i n f o r m a t i o n ,  F i g h t  and  
Gedney were f r e q u e n t l y  f r u s t r a t e d  by t h e  i n a d e q u a c i e s  of t h e  da t a ,  p a r t i c u -  
l a r l y  i n  r e l a t i o n  to  s t o c k i n g  and age .  Even a s u p e r f i c i a l  look a t  t h e  i n-  
v e n t o r y  p lo t s  showed t h a t  some f e l l  i n  uneven- aged fores ts  w h i l e  o t h e r s  
sampled  clumpy s t a n d s  where d e n s e  t h i c k e t s  were i n t e r s p e r s e d  w i t h  o p e n  
spaces. I n  a d d i t i o n ,  t h e  p l o t s  o f t e n  s t raddled  t y p e  l i n e s ,  t h u s  reflec-  
t i n g  t w o  or more f o r e s t  c o n d i t i o n s .  The a v e r a g e  s t o c k i n g  and a g e  l e v e l s  
f o r  s u c h  mixed p lo t s  were m e a n i n g l e s s  from a s i l v i c u l t u r a l  p o i n t  of view. 
I n  a d d i t i o n ,  t h e  small 1-acre ( . 4 - h e c t a r e )  p lots  sometimes sampled  micro- 
c o n d i t i o n s  too small f o r  f e a s i b l e  t r e a t m e n t .  These  f r u s t r a t i o n s  led  m e  
and  my c o l l e a g u e s  to: (1) r e v i s e  t h e  i n v e n t o r y  p l o t  d e s i g n ,  and ( 2 )  
d e v e l o p  a new a n a l y t i c a l  p r o c e d u r e  t o  i d e n t i f y  t r e a t m e n t  o p p o r t u n i t i e s  
from i n d i v i d u a l  p l o t  data  f o r  t h e  P o r t l a n d ,  Oregon Renewable R e s o u r c e s  
E v a l u a t i o n  U n i t .  

M ET HO DS 

Developing the  Techniques 

The t e c h n i q u e s  were d e v e l o p e d  i n  c o n j u n c t i o n  w i t h  a r e g u l a r l y  s c h e d u l e d  
Forest Survey  of non- Fede ra l  f o r e s t  l a n d s  i n  w e s t e r n  Oregon. The pro- 
c e d u r e s  described are c u r r e n t l y  b e i n g  used  t o  e v a l u a t e  t r e a t m e n t  o p p o r t u-  
n i t i e s  i n  w e s t e r n  Washington  and  r e p r e s e n t  t h e  c u l m i n a t i o n  of s e v e r a l  y e a r s  
of deve lopmen t .  The s t u d y  was done  i n  f i v e  discrete steps: F i r s t  a proce- 
d u r e  t o  q u a n t i f y  t h e  r e l a t i v e  d e n s i t y  of e a c h  s t a n d  component  was d e v e l -  
oped. T h a t  s t a n d  d e n s i t y  measure- - expressed  as  a p e r c e n t  o f  "normal" 
d e n s i t y- - h a s  a l r e a d y  been  d e s c r i b e d  (MacLean 1 9 7 9 ) .  Then w e  selected and 
d e f i n e d  t h e  s i l v i c u l t u r a l  t r e a t m e n t s  t o  be i d e n t i f i e d .  T h i r d ,  a f i e l d  
d e s i g n  t o  col lect  t h e  n e c e s s a r y  d a t a  was d e v e l o p e d .  F o u r t h ,  a n  a n a l y t i c a l  
p r o c e d u r e  f o r  s c r e e n i n g  t h e  p l o t  da ta  was deve loped .  F i n a l l y ,  w e  s c r e e n e d  
i n v e n t o r y  p l o t s  and  r e v i s e d  p r o c e d u r e s  t o  correct f o r  l o g i c  errors  a n d  to  
accommodate u n f o r e s e e n  c i r c u m s t a n c e s .  

0 b j e ct iv es 

Our o b j e c t i v e  i n  i n v e n t o r y i n g  t r e a t m e n t  o p p o r t u n i t i e s  i s  t o  i d e n t i f y  
p h y s i c a l  o p p o r t u n i t i e s  t o  i n c r e a s e  timber p r o d u c t i o n  t h r o u g h  s i l v i c u l t u r a l  
m a n i p u l a t i o n  o f  t ree  s t o c k i n g .  A l though  o u r  p r i m a r y  i n t e r e s t  is  i n  phys-  
i c a l  o p p o r t u n i t i e s ,  w e  a lso hope to  o b t a i n  a t  l eas t  some of t h e  i n p u t s  
needed  for s u b s e q u e n t  economic a n a l y s i s .  The new p r o c e d u r e s  are sub jec t  
t o  c e r t a i n  c o n s t r a i n t s :  
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Information needs must be met from data collected as part of the 
regular Renewable Resources Evaluation inventories. 
Treatment opportunity classification should be based on office 
evaluation of data rather than subjective field judgment in order 
to: (a) permit data collection by summer field assistants, (b) 
obtain consistent classification results, and (c) permit later 
reevaluation with different treatment criteria. 
The analytical procedures used to identify treatment opportunities 
should be as easy and straightforward as possible and should be 
applicable over a wide geographic area. 
Reasonable results should be expected for stands of mixed ages, 
mixed species, and variable spacing . 

These constraints make it impossible to consider all the subtleties a 
trained silviculturalist might observe before prescribing for an individual 
stand. Our intent, however, is not to provide managers with guidance in 
treating individual stands but to give planners estimates of acreages avail- 
able for various types of treatment. We hope to develop estimates that are 
as accurate as is possible within our usual budgetary and manpower 
1 imitations . 

The Treatments 

In western Oregon and Washington, most managers practice some form of 
even-aged management. Our procedures are predicated on a long-range ob- 
jective of even-aged management for conifer wood production, even for stands 
that are presently of mixed species or uneven age. Thus, for treatment 
identification purposes, all stands are sorted into two species groups-- 
conifer and saleable hardwoods (with or without a conifer component), and 
conifer stands are further sorted into three stage-of-development 
categories--mature, intermediate, and regeneration. An additional 
category--"no manageable stand present"--is used to describe areas where 
trees are few or lacking or where the stocking of potentially saleable 
trees is not sufficient to fully utilize the site. 

The treatments identified are those which can be expected to increase 
timber production through manipulation of growing stock. Two other common 
treatments--fertilization and genetic improvement--are omitted: but poten- 
tial fertilization opportunities should be identifiable by combining treat- 
ment opportunity class with site index and cost information. Genetic 
improvement, of course, is possible wherever a planting opportunity 
exists. 

3 



Mature  Conifer Stands 

Mature  s t a n d s  have  a d e n s i t y  a t  l e a s t  20 p e r c e n t  of no rma l  (MacLean 
1979) ,  o n  a t  l e a s t  EO p e r c e n t  o f  t h e  area,  and  exceed  t h e  a g e  when mean 
a n n u a l  i n c r e m e n t  o f  c u b i c  f o o t  volume c u l m i n a t e s .  S i n c e  t h e  e x a c t  age of 
c u l m i n a t i o n  of e a c h  s t a n d  is  n o t  known, w e  r e l y  o n  t h e  f o l l o w i n g  b r o a d  
a s s u m p t i o n s  f o r  w e s t e r n  Oregon and  Washington:  

Zone 
Age of 

c u l m i n a t i o n  S o u r c e  

C o n i f e r s  growing  i n  ( C u r t i s ,  Herman, and  

A l l  w e s t- s i d e  c o n i f e r s  
P a c i f i c  s i l ve r  f i r  zone  1 2 0  years DeMars 1974)  

except t h o s e  growing  i n  ( B a r n e s  1962 ,  
P a c i f i c  s i l v e r  f i r  zone  60 y e a r s  McArdle e t  a l .  1961) 

Mature  s t a n d s  may be c a n d i d a t e s  f o r  o n e  of t h e  f o l l o w i n g  t r e a t m e n t s :  

1. She l t e rwood  removal  c u t .  

T h i s  is t h e  f i n a l  s t a g e  o f  a s h e l t e r w o o d  c u t ,  when t h e  r e g e n e r a t i o n  is  
w e l l  e s t a b l i s h e d  and  t h e  r ema in ing  o v e r s t o r y  c a n  b e  removed. O v e r s t o r y  
d e n s i t y  s h o u l d  be l e s s  t h a n  50 p e r c e n t  of normal  and u n d e r s t o r y  d e n s i t y  
s h o u l d  be  a t  l e a s t  35 p e r c e n t .  N a t u r a l  s t a n d s  w i t h  a c o m p o s i t i o n  t h a t  
resembles t h i s  d e s c r i p t i o n  w i l l  be t reated i n  t h e  same manner. 

2. C l e a r c u t .  

T h i s  is t h e  p r e s c r i p t i o n  for  s t a n d s  which f a i l  t o  q u a l i f y  for a s h e l t e r -  
wood removal  c u t  b e c a u s e  of excessive o v e r s t o r y  or i n a d e q u a t e  u n d e r s t o r y ,  
u n l e s s  e n v i r o n m e n t a l  or l a n d  u s e  r e s t r i c t i o n s  m a k e  c l e a r c u t t i n g  u n d e s i r a b l e .  
S t a n d s  i d e n t i c a l  as  c l e a r c u t t i n g  o p p o r t u n i t i e s  are a l s o  s u i t a b l e  f o r  a 
s h e l t e r w o o d  s e e d  c u t .  

3 .  She l t e rwood  s e e d  c u t .  

T h i s  i s  t h e  proper d e s c r i p t i o n  for m a t u r e ,  d e n s e  ( a t  l e a s t  50 p e r c e n t  
of no rma l  d e n s i t y )  s t a n d s  o n  s i t e s  where  c l e a r c u t t i n g  is  i n a p p r o p r i a t e .  

4. S h e l t e r w o o d  w i t h  h a r v e s t  d e l a y e d  u n t i l  a f t e r  u n d e r p l a n t i n g .  

Some m a t u r e  s t a n d s  l a c k  a n  a d e q u a t e  u n d e r s t o r y  b u t  have  too l i t t l e  o v e r-  
s t o r y  ( less  t h a n  50 p e r c e n t  o f  normal  d e n s i t y )  to  permit a s h e l t e r w o o d  s e e d  
c u t .  I f  s u c h  a s t a n d  o c c u r s  o n  a s i t e  t h a t  is u n s u i t a b l e  f o r  c l e a r c u t t i n g ,  
t h e n  it must  be r e g e n e r a t e d  b e f o r e  t h e  o v e r s t o r y  c a n  be removed. U s u a l l y  
s i t e  p r e p a r a t i o n  is n e c e s s a r y ,  and  sometimes c u l l  t rees  must  be  removed. 
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Intermediate Conifer Stands 

I n t e r m e d i a t e  c o n i f e r  s t a n d s  are below t h e  age  o f  c u l m i n a t i o n  of mean 
a n n u a l  i n c r e m e n t ,  have  a q u a d r a t i c  mean diameter o f  a t  l e a s t  20 cm (7.9 i n )  
and  h a v e  a t  leas t  25 p e r c e n t  of normal  d e n s i t y  o n  a t  least  60 p e r c e n t  of t h e  
area. Al though ,  n o r m a l l y ,  s u c h  s t a n d s  are n o t  h a r v e s t e d  u n t i l  m a t u r i t y ,  
t h e y  may be c a n d i d a t e s  for o n e  o f  t h e  f o l l o w i n g  t r e a t m e n t s :  

1. Commercial t h i n n i n g  . 
An i n t e r m e d i a t e  h a r v e s t  i n  which e x c e s s  growing stock is removed for 

sale. S t a n d s  t h a t  e x c e e d  t h e  recommended "maximum" p e r c e n t  of normal  
d e n s i t y- - a p p r o x i m a t e l y  75 percent- - (Reukema and  Bruce  1977) o n  a t  leas t  
60 p e r c e n t  of t h e  area are p o t e n t i a l  c a n d i d a t e s  f o r  t h i s  t r e a t m e n t .  

2. Improvement c u t t i n q .  

The remova l  o f  u n s a l e a b l e  material i n  o r d e r  t o  free crop trees f rom 
c o m p e t i t i o n .  Improvement c u t t i n g  d i f f e r s  from a commercial t h i n n i n g  i n  t h a t  
t h e  material removed is n o t  m a r k e t a b l e .  S t a n d s  are c a n d i d a t e s  for t h i s  
t r e a t m e n t  i f  u n m a r k e t a b l e  tree c o m p e t i t i o n  e x c e e d s  20 p e r c e n t  of normal  
d e n s i t y  o v e r  a t  leas t  60 p e r c e n t  of t h e  area. 

3. S a n i t a t i o n  s a l v a g e  c u t t i n g .  

The remova l  of s a l v a b l e  d e a d  trees and  t rees  e x p e c t e d  to  d i e  w i t h i n  
1 0  y e a r s  ( h i g h  r i s k  t rees) .  
and  h i g h  r i s k  c o n i f e r  trees o v e r  20 c m  (7.9 i n )  i n  d.b.h. e x c e e d s  70 m3 
per h a  (1 ,000  f t 3  per acre) , t h e  s t a n d  is a c a n d i d a t e  for s a n i t a t i o n  
s a l v a g e  c u t t i n g .  

When t h e  m e r c h a n t a b l e  volume i n  s a l v a b l e  dead 

Conifer Regeneration Stands 

These  immature s t a n d s  of growing  s t o c k  c o n i f e r s  have  a q u a d r a t i c  mean 
diameter of less t h a n  20 c m  (7.9 i n )  and a d e n s i t y  t h a t  is e x p e c t e d  to 
r e a c h  25 p e r c e n t  of normal  o n  a t  least  60 p e r c e n t  of t h e  area by t h e  t i m e  
t h e  q u a d r a t i c  mean diameter of t h e  s t a n d  is  20 c m .  Such  s t a n d s  may be  
c a n d i d a t e s  for  o n e  of t h e  f o l l o w i n g  t r e a t m e n t s :  

1. Precommercial t h i n n i n q .  

R e g e n e r a t i o n  s t a n d s  q u a l i f y  for precommercial t h i n n i n g ,  (1) i f  t h e  
a v e r a g e  h e i g h t  of t h e  c o d o m i n a n t  and  dominan t  trees is between 3 and  9 m 
(9.8 and  29.5 f t )  and  (2) i f ,  o n  a t  leas t  60 p e r c e n t  of t h e  area, t h e  s t a n d  
d e n s i t y  is e x p e c t e d  to  e x c e e d  75 p e r c e n t  of normal  by t h e  time t h e  quad-  
ra t ic  mean diameter o f  t h e  s t a n d  r e a c h e s  20 c m  (7.9 i n ) .  A t  20 c m ,  normal  
d e n s i t y  v a r i e s  f rom 970 t o  1 , 3 4 0  trees per h a  (393 to  542 trees per acre) 
d e p e n d i n g  upon species. T h e  s t a n d a r d  f o r  smaller trees is s l i g h t l y  h i g h e r  
to  a c c o u n t  f o r  a n t i c i p a t e d  m o r t a l i t y .  
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2. Precommercial t h i n n i n g  of clumps . 
Candidates for the precommercial t h i n n i n g  of clumps qualify when a t  

l eas t  30 b u t  l e s s  than 60 percent of the area exceeds the density standard. 

3.  Cleanina or release. 

A cleaning i s  cal led for when a regeneration s t a n d  is part ly stocked 
w i t h  brush or hardwoods. If t h i s  competition is overtopping the conifers,  
the treatment is called a release. The usual treatment is w i t h  herbicidal 
sprays. Stands are candidates for  cleaning or release when f i e ld  records 
indicate substant ial  competition from brush or hardwoods on a t  leas t  
60  percent of the area. 

4.  Prepare s i t e  and plant holes. 

Sometimes regeneration stands contain nonstocked holes. If these holes 
make up one-third or more of the area and if competition from t rees  over 
1 .5  m ( 4 . 9  f t )  i s  absent, the nonstocked patches are suitable for spot 
planting, a f ter  s i t e  preparation. T h i s  treatment is only sui table for 
regeneration stands. 

5. Improvement cutting. 

Candidates for improvement cutting are regeneration stands overtopped 
by hardwood and c u l l  conifer t rees that exceed 20 cm (7 .9  i n )  i n  d.b.h.  
when the density of such t rees  exceeds 20 percent on a t  leas t  60 percent of 
the area. These stands resemble overstory removal opportunities except 
that  the overstory is composed of nonsaleable material. 

High-value Hardwood S tands  and H igh-value 
Hardwood-conifer M ixed  Stands 

These stands f a i l  t o  qualify as  manageable conifer stands b u t  have a t  
l eas t  25 percent of normal density of red alder ( A l n u s  rubra Bong.) , black 
cottonwood (Populus trichocarpa Torr. & Gray), and conifers on a t  l eas t  
60 percent of the area. Although these stands are treated as  opportunities 
t o  convert t o  conifer production, they are identified separately i n  order 
t o  permit identif icat ion of al ternat ive opportunities t o  manage for hardwood 
production. The opportunities currently identified are the same as  those 
l i s t ed  under "Manageable stand absent." 

Manageab le  Stand Absent 

Areas that  f a i l  t o  qualify as  mature, intermediate, or regeneration 
stands are assumed not t o  have a manageable stand. Such stands are can- 
didates for regeneration treatments. Those treatments are: 
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1. Harvest c u t t i n g  ( c l e a r c u t t i n q )  . 
S t a n d s  which a v e r a g e  a t  least  70 m3 per ha  (1 ,000  f t 3  per acre) i n  

c o n i f e r  a n d  h igh- va lue  hardwood trees over 20 c m  i n  d.b.h. are c a n d i d a t e s  
for c l e a r c u t t i n g .  

2. S t a n d  c o n v e r s i o n .  

C a n d i d a t e s  f o r  s t a n d  c o n v e r s i o n  are areas where a manageable  s t a n d  is 
a b s e n t  and  t h e  volume per acre is less  t h a n  70 m3 per ha  b u t  where t h e  
d e n s i t y  of trees o v e r  20 c m  i n  d.b.h. i s  a t  least  20 p e r c e n t  o n  60 p e r c e n t  
o f  t h e  area. T h i s  t r e a t m e n t  c a l l s  for removing t h e  e x i s t i n g  trees and  
p l a n t i n g  t h e  area w i t h  desirable growing  s t o c k .  

3. S i t e  p r e p a r a t i o n  and  p l a n t i n g .  

C a n d i d a t e s  for removal  of compet ing  v e g e t a t i o n  and  for p l a n t i n g  are areas 
where  a manageable  s t a n d  is a b s e n t  and  t h e  d e n s i t y  o f  trees over 20 c m  i n  
d.b.h. is  i n a d e q u a t e  for s t a n d  c o n v e r s i o n .  

PI ot Des i gn 

The d a t a  for t r e a t m e n t  o p p o r t u n i t y  a n a l y s i s  are collected d u r i n g  t h e  
c o u r s e  o f  r e g u l a r l y  s c h e d u l e d  Renewable R e s o u r c e s  E v a l u a t i o n  t i m b e r  i n -  
v e n t o r i e s .  I n  t h e  Pac i f i c  Nor thwes t ,  f i e l d  p lo t s  are located on  a 5 470-m 
(3.4-mi) g r id .  Each g r i d  p o i n t  is located o n  a n  a e r i a l  p h o t o ,  and  forest 
s t a n d s  are d e l i n e a t e d  i n  t h e  immediate v i c i n i t y .  The minimum area for t h i s  
d e l i n e a t i o n  is 3 h a  (7.4 acres) . The g r i d  p o i n t  is t h e n  l o c a t e d  i n  t h e  
f i e l d ,  and  a 5- p o i n t  c l u s t e r  is  e s t a b l i s h e d  w i t h i n  t h e  t y p e- i s l a n d  asso- 
ciated w i t h  t h e  g r i d  p o i n t .  If possible, t h e  p o i n t s  are l a y e d  o u t  i n  t h e  
p a t t e r n  i l l u s t r a t e d  i n  f i g u r e  1. Where n e c e s s a r y ,  p o i n t s  are moved i n  a 
p r e d e t e r m i n e d  p a t t e r n  t o  i n s u r e  t h a t  t h e  area sampled f a l l s  e n t i r e l y  w i t h i n  
t h e  t y p e- i s l a n d ,  t h u s  a v o i d i n g  p l o t s  t h a t  . s t r a d d l e  c o n d i t i o n- c l a s s  bound- 
ar ies .  If t h e  average diameter of t h e  c o n i f e r  trees o n  t h e  plot  is less 
t h a n  1 2  c m  ( 4 . 7  i n ) ,  a n  a d d i t i o n a l  f i v e  p o i n t s  may be e s t a b l i s h e d  midway 
be tween  t h e  i n i t i a l  f i v e  plots. 

Figure 1.--Inventory plot layout. 
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A t  each sample point, three plots  are established as follows: 

Trees t a l l i ed  Plot s ize  

(1) A l l  t rees  up to  17 .5  cm 0.004-ha ( . 01-acre) 

( 2 )  Trees between 17.5 cm and Metric basal area factor 7 ( E n g l i s h  

(3) Trees over 89.9 cm i n  diameter 0.09-ha (0.22-acre) fixed-radius 

(6.9 i n )  i n  diameter fixed radius plot.  

89.9 cm (35.4 i n )  i n  diameter BAF 30.5) variable radius plot 

p lo t  

Species, d.b.h., crown c lass ,  crown ra t io ,  t o t a l  height, age, defect,  
and damage c lass  is recorded for each t a l l y  t ree.  I n  addition, t rees  i n  
the main canopy are separated from understory trees.  Sometimes a few large 
trees--the remnants of past logging or fire--are scattered through regen- 
eration stands. Such trees are separately ident if ied as  residual 
over story . 

Information is collected on competing vegetation, including a record of 
the degree to  which growing stock trees are shaded by competing brush or 
hardwoods. The s i t e  index, topographic c lass ,  and stand history of each 
sampled stand is also recorded as  well as  information on erosion, land-use 
conf l ic ts ,  and environmental factors  affecting treatment./ 

Tree Classification 

The f i r s t  s tep  i n  c lass i f ica t ion  of the f i e ld  plot  data is to  assign 
tree c lass  designations t o  each t a l l y  tree. The major t ree  categories-- 
main stand (overstory),  future stand (understory), residual overstory, 
conifer and hardwood--are assigned i n  the f i e ld .  Additionally, objective 
c r i t e r i a  are used to  c l a s s i fy  each t ree  as  follows: 

1. Mature tree. 

A conifer,  black cottonwood, or red alder tha t  has passed the age when 
mean annual increment is assumed t o  culminate and is expected t o  l i v e  
longer than 1 0  years. 

2. High risk tree. 

A merchantable conifer,  red alder,  or cottonwood l ike ly  to  die  w i t h i n  
10  years because of disease, injury, or poor vigor, as indicated by damage 
codes recorded on the plot  card. 

3/Field procedures are described i n  d e t a i l  i n  a treatment opportunity 
f i e l d  manual on f i l e  a t  the Pacific Northwest Forest and Range Experiment 
Station, Portland, Oregon. 
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3 .  Immature growing stock t ree .  

A presently or potentially merchantable conifer, red alder, or cotton- 
wood t ree  that  is l e s s  than the presumed age for culmination of mean annual 
increment . 
4 . Low-value hardwood . 

A hardwood other than red alder or cottonwood. Such t rees  are not now 
considered sui table  for potent ia l  timber crop t rees  because of poor pros- 
pects for a present or  future market. 

5. C u l l  t ree.  

A t ree  tha t  is  unmerchantable because of rot  or poor form. 

6. Salvable dead tree.  

A dead t ree  that  is  s t i l l  a t  l ea s t  25-percent sound and merchantable. 

Plot Classification 

I n i t i a l  screeninq.--Before inventory p lo ts  are c lass i f ied  for t reat-  
ment opportunity, cer ta in  plots  may be identified as  representing areas 
unsuitable for management because treatment is not feasible or is unlikely 
t o  succeed. Such plots  usually occur on hot, dry s i t e s  where productivity 
is low and regeneration hazard is high .  Identification of these areas is 
based on guidelines obtained from forest  managers and ecologists familiar 
w i t h  the region. Hardwood stands growing on hardwood sites--usually river 
bottoms--are also identified as  unsuitable for treatment because of the 
poor market for most hardwood species. Poorly stocked recent clearcuts-- 
c u t  w i t h i n  5 years--and stands pa r t i a l ly  cut w i t h i n  3 years are placed i n  
a special  category. Since the regeneration of clearcuts is now a legal  
obligation, we assume they are awaiting scheduled treatment. The success 
of regeneration a f t e r  recent p a r t i a l  cutting w i l l  be evaluated a t  the time 
of the next inventory. 

Identifyinq the management cateqory .--After i n i t i a l  screening, each 
plot  is placed i n  one of the seven management categories. F i r s t ,  the plot 
is examined t o  see whether a t  l ea s t  three of the five points qualify as 
mature conifer. I f  not, the plot  is reexamined t o  see if three points 
qualify a s  intermediate conifer. T h i s  process is repeated u n t i l  a manage- 
ment category is found that f i t s  the plot t a l l y  on a t  l ea s t  three points. 
The order of categories tested is (1) mature conifer,  ( 2 )  intermediate 
conifer ,  ( 3 )  conifer regeneration, ( 4 )  high-value hardwood, (5)  high-value 
hardwood-conifer mixed. Stands w h i c h  do not f i t  any of these categories 
are  classed as "manageable stand absent." The process is i l lus t ra ted  i n  
figure 2.  

9 



I NTE R M ED I AT E 
CONIFER 
STAND 

mainstand 
quadratic 
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> 2 0 c m ?  

REGEN ERATION 

Figure 2.--Treatment opportunity logic: Identifying 

MATURE 
CONIFER 
STAND 

the management category. 
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The primary tool for this plot classification is a computer printout 
showing the stand density at each sample point by (1) softwoods and hard- 

story) , and ( 3 )  tree class. An example of this printout is shown in 
table 1. Based on these density data, the management category is first 
determined; and then within that category, the actual treatment-- 
occasionally treatments--are identified, 

r: woods, (2) stand position (mainstand, future stand, and residual over- 

Treatment opportunities in mature stands.--The age at which a manager 
harvests timber varies widely with organization objectives, multiple-use 
policies, and a variety of economic considerations. Stands classed as 
mature in our analysis may add substantial growth if held for later harvest. 
On the other hand, somewhat younger harvest ages will not greatly reduce 
the long-term total yield. In any event, stands classed as mature in this 
analysis have passed the point where large increases in productivity are 
possible through manipulation of existing growing stock. 

Mature stands are identified as opportunities to clearcut- and regen- 
erate except in stands (1) qualifying for a shelterwood removal cut, or (2 )  
in areas where clearcutting is unacceptable because of regeneration .hazard 
or other environmental restraints. Areas not suitable for clearcutting 
because of regeneration hazard are identified by local criteria obtained 
from managers and ecologists familiar with the area. Such areas are 
candidates for a shelterwood seed cut, a shelterwood removal cut, or for 
underplanting, depending on the characteristics of the stand. The logic 
used to identify these opportunities for treatment is illustrated in 
figure 3. 

Treatment opportunities in intermediate stands.--Intermediate stands, 
although not ready for final harvest, have passed the age where large yield 
increases are possible through silvicultural manipulation of growing. stock. 
The denser stands, however, may be candidates for commercial thinning to 
reduce capital investment and to increase the size of the trees to be re- 
moved in the final harvest. In addition, the growth of some stands may be 
increased by removing culls, hardwoods, and high-risk trees. The logic 
used to identify these treatments is illustrated in figure 4. 

Treatment opportunities in reqeneration stands.--Regeneration stands 
are at the stage of development where silvicultural treatment can often 
have considerable impact on future yield (Reukema and Bruce 1977). Timely 
precommercial thinning can redistribute growth to those trees most likely 
to survive until harvest and increase height growth as well, and the 
planting of nonstocked openings can return such areas to timber production. 
Additionally, the control of hardwood and brush competition can substan- 
tially increase future yields. 

The logic used to identify opportunities for silvicultural treatment in 
regeneration stands is illustrated in figure 5. 
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Figure 3.-Treatment opportunity logic f o  mature stands. 

$. 

below maturity? l h 
density high risk 
and salvable dead 

and low value hardwood 

Figure 4.--Treatment opportunity logic for intermediate stands. 
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mainstand density 
2 75% and stand ht. 

I--\ 3 - 9  m on6/10 thinnino 

re lease 

inhibiting brush or 
hardwoods on 

at least 3/5 points 

Figure 5.--Treatment opportunity logic for regeneration stands. 

Treatment opportunities i n  hardwood stands and areas where no 
manaqeable stand exists.--The greatest  opportunity to  increase timber 
production through s i lv i cu l tu ra l  treatment is to  regenerate areas now 
growing weeds, brush, and low-value hardwoods. Further increases may be 
realized by replacing stands of red alder and poorly stocked conifer w i t h  
new conifer regeneration stands. I n  our analysis, a l l  such stands are 
regarded as  opportunities for replacement. The logic for identifying such 
opportunities is i l l u s t r a t ed  i n  figure 6. Red alder stands are,  however, 
identified separately. I f  the demand for that  species improves, we may 
want t o  consider growing alder as  an al ternat ive t o  replacement. 
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Figure 6.--Treatment opportunity logic for areas where no manageable stand exists. 

FURTHER REFINEMENTS 

W e  h a v e  now a n a l y z e d  t r e a t m e n t  o p p o r t u n i t y  d a t a  from w e s t e r n  Oregon a n d  
w i l l  s o o n  b e g i n  a n  a n a l y s i s  o f  w e s t e r n  Washington data.  W e  are making t h e  
same a n a l y s i s  i n  e a s t e r n  Oregon b u t  w i t h  s l i g h t l y  a l t e r e d  c r i t e r i a  to  re- 
f l e c t  t h e  d i f f e r e n t  c o n d i t i o n s  t h a t  e x i s t  o n  t h e  eas t  s i d e  of t h e  Cascade 
Range. I n  o u r  i n i t i a l  w o r k ,  w e  have  hand- screened  t h e  data to  make  s u r e  
t h a t  each plot  h a s  been  a s s i g n e d  a r e a s o n a b l e  t r e a t m e n t .  Whi le  t h i s  process 
h a s  uncovered  a f e w  defects, t h e  r e s u l t s  h a v e  been  g e n e r a l l y  good. Our 
e x p e r i e n c e  i n  a n a l y z i n g  w e s t e r n  Wash ing ton  data w i l l  u n d o u b t e d l y  permit 
f u r t h e r  r e f i n e m e n t .  

Whi le  t h e  p r o c e d u r e s  now w o r k  w e l l ,  some s u b j e c t i v e  v e r i f i c a t i o n  of 
r e s u l t s  w i l l  p r o b a b l y  a l w a y s  be n e c e s s a r y ,  p a r t i c u l a r l y  i n  h e a v i l y  
d i s t u r b e d  s t a n d s .  A s y s t e m  complex enough t o  a n t i c i p a t e  a l l  c o n d i t i o n s  
t h a t  may be e n c o u n t e r e d  i n  t h e  woods is  p r o b a b l y  n e i t h e r  p o s s i b l e  n o r  
d e s i r a b l e .  

Thus  fa r ,  t r e a t m e n t  o p p o r t u n i t y  c l a s s i f i c a t i o n  h a s  p r o v e d  a v e r y  u s e f u l  
tool f o r  a s s e s s i n g  forest c o n d i t i o n .  P r e l i m i n a r y  a n a l y s e s  h a v e  also con-  
v i n c e d  u s  t h a t  it w i l l  p r o v i d e  a n  e x c e l l e n t  means o f  s t r a t i f y i n g  o u r  inven-  
t o r y  i n  order t o  project f u t u r e  t i m b e r  s u p p l y  under  v a r i o u s  a s s u m p t i o n s .  
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The mission of the PACIFIC NORTHWEST FOREST AND 
RANGE EXPERIMENT STATION i s  to provide the knowl- 
edge, technology, and alternatives for present and future 
protdction, management, and use of forest, range, and related 
environments. 

Within this overall mission, the Station conducts and 
stimulates research to  facilitate and to accelerate progress 
toward the following goals: 

1 .  Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and levels 
of resource management. 

3. Achieving optimum sustained resource productivity 
consistent with maintaining a high quality forest 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of the research are made 
available promptly. Project headquarters are a t :  

Anchorage, Alaska 
Fairbanks, Alaska 
Juneau, Alaska 
Bend, Oregon 
CorvaIIis, Oregon 

La Grande, Oregon 
Portland, Oregon 
0lymp i a, Wash i n gton 
Seattle, Washington 
Wenatchee, Washington 

Mailing address Pacific Northwest Forest and Range 
Experiment Station 

809 N E  6th Ave 
Portland, Oregon 97232 
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