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ABSTRACT 

P r o c e d u r e s  are g i v e n  f o r  e s t i m a t i n g  w e i g h t s  o f  p o t e n t i a l  r e s i d u e  f r o m  
D o u g l a s- f i r  a n d  w e s t e r n  hemlock c r e a t e d  by  f o r e s t  management a c t i v i t i e s  
w e s t  o f  t h e  summit  o f  t h e  C a s c a d e  Range.  P r e l i m i n a r y  est imates are  g i v e n  
f o r  s i x  o t h e r  species. The w e i g h t  t a b l e s  a r e  i n  p o u n d s  per t ree  a n d  
p o u n d s  per s q u a r e  foot o f  basal  area f o r  a 6- or 8- i n c h  u n m e r c h a n t a b l e  
t i p .  The estimates are  a l so  s e p a r a t e d  i n t o  m a t e r i a l  of :  < 3 - i n c h  and  
- > 3 - i n c h  d i a m e t e r  a n d  t o t a l  w e i g h t .  The  t a b u l a r  w e i g h t s  i n c l u d e  f o l i a g e ,  
l i v e  a n d  d e a d  b ranchwood ,  a n d  u n m e r c h a n t a b l e  t i p .  

KEYWORDS: B iomass ,  r e s i d u e  w e i g h t s ,  c o n i f e r s ,  w e i g h t  t ab le s .  

PREFACE 

T h i s  handbook p r o v i d e s  i n s t r u c t i o n s  a n d  i n f o r m a t i o n  f o r  p r e d i c t i n g  
crown w e i g h t s  o f  c o n i f e r s  west of t h e  summit  of t h e  C a s c a d e  Range.  I t  is 
a n  e x t e n s i o n  of t h e  "Handbook f o r  P r e d i c t i n g  S l a s h  W e i g h t  o f  W e s t e r n  
C o n i f e r s , "  by Brown e t  a l .  ( 1 9 7 7 ) .  T h a t  handbook was i n t e n d e d  f o r  use i n  
p r e d i c t i n g  c rown  w e i g h t  o f  c o n i f e r s  i n  w e s t e r n  Montana  a n d  n o r t h e r n  
I d a h o ,  b u t  i t s  u s e  h a s  grown t o  i n c l u d e  a l l  t h e  N o r t h w e s t  U n i t e d  S t a t e s  
eas t  o f  t h e  summit  o f  t h e  C a s c a d e  Range.  O t h e r  t h a n  g e o g r a p h i c a l  u s e  o f  
t h e s e  t w o  h a n d b o o k s ,  t h e  p r i n c i p a l  d i f f e r e n c e  i s  t h e  a d d i t i o n ,  i n  t h i s  
handbook ,  of t h e  w e i g h t  t a b l e  f o r  ma te r i a l  > 3 - i n c h  d i a m e t e r  a n d  t h e  
e x t e n s i o n  o f  d i a m e t e r  a t  b r e a s t  h e i g h t  ( d . b . h . )  f r o m  40 t o  80  i n c h e s .  
The  e x t e n s i o n  o f  t h e  t a b l e s  beyond 4 0- i n c h  d .b .h .  is b a s e d  o n  d a t a  
c o l l e c t e d  f o r  D o u g l a s - f i r  a n d  w e s t e r n  hemlock.  The w e i g h t s  f o r  o t h e r  
species beyond 40- inch  d .  b. h. were d e v e l o p e d  f rom w e i g h t  r a t i o s  w i t h  
D o u g l a s - f i r  a t  40- inch  d .b .h .  (see t a b l e s  1 2  a n d  13  i n  t h e  a p p e n d i x )  . 

S p e c i a l  t h a n k s  a r e  d u e  James A t k i n s  fo r  e x p e d i t i n g  c o m p i l a t i o n  o f  t h e  
t a b l e s  t h r o u g h  e f f i c i e n t  p r o g r a m i n g .  
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S c i e n t i f i c  a n d  Common Names of T r e e  Species . 
S c i e n t i f i c  name 

Abies amab i l i s  Dougl .  e x  F o r b e s  
Abies c o n c o l o r  (Gord. a n d  G l e n d . )  L i n d l .  e x  Hi ldebr .  
Abies g r a n d i s  ( D o u g l .  ex  D. Don) L i n d l .  
Ab ies  lasiocarpa (Hook. ) N u t t .  
Abies maqnifica  var .  s h a s t e n s i s  Lemm. 
Abies  procera Rehd. 
C h a m a e c y p a r i s  n o o t k a t e n s i s  ( D .  Don) S p a c h  
L a r i x  o c c i d e n t a l i s  N u t t .  
L i b o c e d r u s  d e c u r  r e n s  Tor  r .  
Picea e n g e l m a n n i i  P a r r y  e x  Engelm. 
P i c e a  q l a u c a  (Moench) Voss 
P i c e a  s i t c h e n s i s  (Bong.)  C a r r .  
P i n u s  a l b i c a u l i s  Engelm. 
P i n u s  a t t e n u a t a  Lemm. 
P i n u s  c o n t o r t a  Dougl .  ex  Loud. 
P i n u s  j e f f r e y i  Grev. a n d  B a l f .  
P i n u s  l a m b e r t i a n a  Dougl .  
P i n u s  m o n t i c o l a  Dougl .  ex  D. Don 
P i n u s  p o n d e r o s a  Dougl .  ex  Laws. 
P o p u l u s  t r e m u l o i d e s  Michx.  
P o p u l u s  t r i c h o c a r p a  T o r r .  and Gray  
P s e u d o t s u q a  m e n z i e s i i  (Mirb.) F r a n c o  var m e n z i e s i i  
S e q u o i a  s e m p e r v i r e n s  (D .  Don) E n d l .  
T h u j a  p l i ca t a  Donn e x  D. Don 
T s u q a  h e t e r o p h y l l a  ( R a f .  ) Sarg . 

Common name 

P a c i f i c  s i l v e r  f i r  
w h i t e  f i r  
g r a n d  f i r  
s u b a l p i n e  f i r  
s h a s t a  red f i r  
n o b l e  f i r  
Alaska-cedar 
w e s t e r n  l a r c h  
i n c e n s e- c e d a r  
Engelmann s p r u c e  

. w h i t e  s p r u c e  
S i t k a  s p r u c e  
w h i t e b a r k  p i n e  
knobcone  p i n e  
lodgepole p i n e  
J e f f r e y  p i n e  
s u g a r  p i n e  
w e s t e r n  w h i t e  p i n e  
p o n d e r o s a  p i n e  
q u a k i n g  a s p e n  
black c o t t o n w o o d  
coast Douglas- f  i r  
redwood 
w e s t e r n  redcedar 
w e s t e r n  hemlock 



INTRODUCTION

T h i s  handbook contains procedures for  predicting weights of logging and 
t h i n n i n g  residue, such as  needles, branches, unmerchantable t i p s ,  and 
broken and defective boles. I n  the past,  t h i s  residue has been d i f f i c u l t  
t o  quant i ta t ively describe before it was created, and associated problems 
were d i f f i c u l t  t o  determine and evaluate. Prediction of such material 
does not guarantee easy solutions t o  management problems b u t  rather 
provides a sound foundation for  making decisions and formulating plans. 

Weight estimates of residue can be useful i n  the following s i tuat ions:  
(1) communicating the magnitude of residue problems, ( 2 )  writing disposal .  
contracts,  ( 3 )  describing potent ia l  for u t i l i za t ion ,  ( 4 )  selecting among 
a l te rna t ive  treatments, and ( 5 )  appraising potent ia l  f i r e  behavior of 
fuels. 

Residue is produced from three par t s  of a t ree:  (1) crowns (fol iage and 
branches) , ( 2 )  unmerchantable t i p s ,  and ( 3 )  defective and broken boles 
( f i g .  1) . Tables 1- 10 include the crown and unmerchantable t i p  weights, 
b u t  they do not include the defective and broken boles; t h i s  weight m u s t  
be estimated by a separate procedure (see page 4 ) .  

Fi gure 1.--Different relationships 
are required to predict weight 
of residue produced f r o m  crowns 
(foliage and dead and live 
branchwood) , unmerchantable 
bole tips, and boles (defective 
and broken). 



The w e i g h t s  i n  t ab les  1-10 were d e r i v e d  f r o m  s t u d i e s  by Brown ( 1 9 7 8 ) ,  
F a u r o t  ( 1 9 7 7 ) ,  a n d  t h e  F o r e s t  R e s i d u e  P rogram,  P a c i f i c  N o r t h w e s t  F o r e s t  
a n d  Range E x p e r i m e n t  S t a t i o n . l  For e x p l a n a t i o n s ,  see t h e  a p p e n d i x .  

P r e d i c t i n g  w e i g h t s  o f  created r e s i d u e  fo r  many d i f f e r e n t  species a n d  
t ree  s i z e s  is a job  f o r  c o m p u t e r s .  Computer  p r o g r a m s  for  c a l c u l a t i n g  
s u c h  w e i g h t s  h a v e  b e e n  d e v e l o p e d  f o r  some R e g i o n s  of t h e  USDA F o r e s t  
S e r v i c e .  S i n c e  t h e s e  p r o g r a m s  are n o t  r e a d i l y  a v a i l a b l e  to  e v e r y o n e ,  
t h i s  handbook was a s s e m b l e d  t o  b e  u s e d  a s  a s u b s t i t u t e  to  c a l c u l a t e  
p o t e n t i a l  r e s i d u e  w e i g h t s  when access t o  c o m p u t e r  p r e d i c t i o n  p r o g r a m s  i s  
n o t  a v a i l a b l e  or is i n c o n v e n i e n t ' .  

The  t o t a l  amount  o f  r e s i d u e  a f t e r  l o g g i n g  or t h i n n i n g  i s  t h e  sum of t h e  
r e s i d u e  p r e s e n t  b e f o r e  a n d  a f t e r  l o g g i n g  or t h i n n i n g .  The r e s i d u e s  
p r e s e n t  b e f o r e  l o g g i n g  or t h i n n i n g  c a n  be o f  major i m p o r t a n c e  f o r  
e v a l u a t i n g  f i r e  p o t e n t i a l ;  sometimes t h i s  mater ia l  w e i g h s  a s  much a s  or 
more t h a n  t h e  c r e a t e d  r e s i d u e .  

PROCEDURES USED TO MAKE RESIDUE PREDICTIONS 

R e s i d u e  w e i g h t s  c a n  b e  p r e d i c t e d  fo r  c u t  or trampled t r e e s  f r o m  
estimates o f  (1) trees  per acre by species a n d  d .b .h .  or ( 2 )  b a s a l  area 
per acre by species a n d  d .b .h .  T a b l e s  1- 10 i n c l u d e  w e i g h t s  of c r o w n s  
( fo l i age ,  l i v e  a n d  d e a d  branchwood)  a n d  u n m e r c h a n t a b l e  t i p s  t o  e i t h e r  a 
6- inch  or 8- i n c h  m e r c h a n t a b l e  top d i a m e t e r .  

The  t a b l e s  a re  d e s i g n e d  so t h e  u s e r  c a n  est imate w e i g h t  o f :  (1) 
b r a n c h e s  a n d  u n m e r c h a n t a b l e  t i p s  t h a t  a re  < 3  i n c h e s  i n  d i a m e t e r  ( i n c l u d e s  
f o l i a g e ) ,  ( 2 )  b r a n c h e s  a n d  u n m e r c h a n t a b l e  t i p s  t h a t  a re  > 3  i n c h e s  i n  
diameter, a n d  ( 3 )  t o t a l  w e i g h t  (sum o f  1 a n d  2 ) .  

The  s e p a r a t i o n  o f  t h e  mater ia l  a t  3 i n c h e s  i n  d i a m e t e r  c o i n c i d e s  w i t h  
t h e  r e q u i r e d  i n p u t s  f o r  a m a t h e m a t i c a l  f i r e  appra isa l  p rogram,  c a l l e d  
HAZARD. 

l p r e d i c t i n g  crown weigh t  o f  P a c i f i c  Northwest  Douglas- fir  and wes te rn  hemlock. Unpub- 
l i s h e d  d a t a  on  f i l e  a t  P a c i f i c  Northwest  F o r e s t  and Range Experiment S t a t i o n ,  P o r t l a n d  , 
Oregon. 

2Developed by Frank A. A l b i n i ,  Northern F o r e s t  F i r e  Labora to ry ,  Missoula,  Montana, 
and main ta ined  by t h e  USDA F o r e s t  S e r v i c e ,  Nor thern  Region, Avia t ion  and F i r e  
Ma nag erne n t , M i s sou l a  , Mo n t ana . 
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R e s i d u e  w e i g h t s  c a n  b e  predicted a n d  summarized  a l o n g  w i t h  p r e l o g g i n g  
or p r e t h i n n i n g  down woody f u e l s  i n  f o u r  b a s i c  s t eps :  

1. G a t h e r  a n d  summar ize  tree i n v e n t o r y  data.  
2. C a l c u l a t e  w e i g h t  f rom c u t t i n g  a n d  t r a m p l i n g .  
3.  C a l c u l a t e  w e i g h t  for tree d e f e c t  and  b r e a k a g e .  
4 .  I n v e n t o r y  down a n d  d e a d  woody m a t e r i a l .  

S t e p  1--For t h e  a rea  o f  i n t e r e s t ,  summar ize  i n v e n t o r y  d a t a  of t rees  t o  be  
c u t ,  by number of t rees  per acre  by species a n d  d . b . h . ,  or by 
b a s a l  a rea  per acre by species a n d  d . b . h . ,  w h i c h e v e r  fo rm is more 
c o n v e n i e n t .  

Summarize  t h e  t ree  i n v e n t o r y  da ta  by 1- i n c h  d.b.h.  classes, or by 
d .b .h .  g r o u p s ;  u s e  t h e  a v e r a g e  d .b .h .  of e a c h  g r o u p  for d e t e r m i n i n g  
w e i g h t s  ( f o r  e x a m p l e ,  f o r  5-10 i n c h e s ,  u s e  m i d p o i n t - - 8 ) .  R e s i d u e  w e i g h t  
f rom b o t h  c u t t i n g  a n d  t r a m p l i n g  c a n  be estimated f o r  t h e  area by 
i n c l u d i n q  i n  t h e  summary o n l y  t h e  t rees  t h a t  are e x p e c t e d  to  be e i t h e r  
c u t  or trampled ( t r a m p l i n g  is t h e  p u s h i n g  o v e r  of small trees by l o g g i n g  
e q u i p m e n t ) .  T r a m p l i n g  s e l d o m  occurs i n  t h i n n i n g  o p e r a t i o n s  a n d  may b e  
n e g l i g i b l e  i n  many h a r v e s t i n g  areas. Where s u b s t a n t i a l  t r a m p l i n g  is 
e x p e c t e d ,  however ,  i t s  c o n t r i b u t i o n  to  r e s i d u e  c a n  be estimated by 
p r o c e d u r e s  d e s c r i b e d  l a t e r .  

S tep  2- - S e l e c t  t h e  d e s i r e d  w e i q h t  t a b l e  a n d  m u l t i p l y  e i t h e r  t h e  number o f  
trees or t h e  basal  area per acre times t h e  appropriate t a b l e  v a l u e s  
f o r  c rown  w e i g h t  for e a c h  species d . b . h .  g r o u p .  Sum a l l  w e i g h t s  
t o  o b t a i n  t h e  t o t a l  crown w e i g h t  per acre.  

F o r  h a r v e s t  c u t t i n g ,  c h o o s e  t h e  a p p r o p r i a t e  w e i g h t  t a b l e - - e i t h e r  for  
ma te r i a l  < 3 - i n c h  d i a m e t e r ,  > 3 - i n c h  d i a m e t e r ,  or t o t a l - - f o r  e i t h e r  a 6- or 
8- i n c h  m e r c h a n t a b l e  top d i a m e t e r .  I f  t h e  top d i a m e t e r  s p e c i f i c a t i o n  is 
o t h e r  t h a n  6 or 8 i n c h e s ,  u s e  t h e  o n e  t h a t  most c l o s e l y  a p p r o x i m a t e s  t h e  
s p e c i f i e d  top d i a m e t e r .  

S i n c e  t r ee s  b e i n g  t h i n n e d  or t r a m p l e d  a re  g e n e r a l l y  small,  t h e i r  e n t i r e  
b o l e  is l e f t  o n s i t e .  F o r  t h e s e  t r ees ,  t h e  v a l u e s  a b o v e  t h e  d a s h e d  l i n e  
i n  t a b l e s  2 ,  3 ,  4 ,  5, 7 ,  8 ,  9 ,  a n d  1 0  s h o u l d  b e  u s e d ,  s i n c e  t h e s e  w e i g h t s  
i n c l u d e  t h e  e n t i r e  b o l e  and  crown.  I t  mus t  b e  remembered,  t h o u g h ,  t h a t  
some t a b l e s  c o n t a i n  o n l y  t h a t  p o r t i o n  of t h e  w e i g h t  t h a t  is  > 3  i n c h e s  i n  
d i a m e t e r .  F o r  t rees  be low t h e  d a s h e d  l i n e ,  o n l y  t h e  u n m e r c h a n t a b l e  tip 
and  c rown  w e i g h t  a re  i n c l u d e d :  t h a t  p o r t i o n  o f  t h e  b o l e  be low t h e  
u n m e r c h a n t a b l e  t i p  is e x c l u d e d .  
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Step 3--Estimate residue weight for  t r e e  defect  and breakage. 

Defect and breakage of t rees  are  f a r  more d i f f i c u l t  t o  predict than 
weights of crowns and unmerchantable t ips .  Nonetheless, a n  estimate is 
possible from experience and knowledge of local  harvesting operations. 
T h i s  estimate cannot be obtained from the enclosed tables,  b u t  a general 
procedure describing how t o  estimate these weights w i l l  be given. 
Residue from defect  and breakage is considered larger t h a n  3 inches i n  
diameter and should be added only t o  weights obtained from the > 3  inches 
and t o t a l  weight tables. 

Defect--such as  ro t ,  crook, sweep, f i r e  scars ,  b u t t  swell, etc.--varies 
by species and t ree  s ize .  Most timber s e l l e r s  have some notion of defect 
percentage ( f rac t ion  of merchantable volume that  is  defective) applicable 
t o  the i r  area. Not a l l  defect remains on the cutt ing s i t e ,  however; some 
of i t  is hauled t o  the m i l l .  Thus ,  defect percentages m u s t  represent the 
material actual ly remaining onsite.  

Breakage can best be estimated from local  experience w i t h  past 
harvesting operations. I n  the Pacific Northwest, breakage i n  old-growth 
stands i s  commonly estimated a t  1 5  percent of the cruised merchantable 
volume. For second-growth stands, 5 percent is not uncommon (opinions of 
several experienced fores ters  i n  USDA Forest Service Pacif ic  Northwest 
Region). 

To make weight estimates of e i ther  breakage or defect ,  a n  estimate of 
merchantable volume per acre is needed. T h i s  volume may be obtained from 
a timber cruise or formal stand examination. Wood densi t ies  (weight per 
u n i t  volume) are then used t o  change volume t o  weight. Densities for 
common western t r e e  species are summarized i n  table 11. For a mixture of 
species, dens i t ies  can be averaged. A wood density representing a 
commonly encountered mixture of western conifer species is  25 pounds per 
cubic foot. 

Step 4--Inventory the weight of dead and down woody material 
and add i t  t o  appropriate weight predicted from weight 
tables.  

Refer t o  Brown's ( 1 9 7 4 )  "Handbook for Inventory Downed Woody Material." 

Sample Prediction 

To  i l l u s t r a t e  the steps used t o  estimate weight of potential  residue 
from the tables,  consider a p a r t i a l  harvest of Douglas-fir and western 
hemlock. The specified merchantable top diameter for t h i s  example i s  8 
inches. The t rees  t o  be cut  are  summarized by species and d.b.h.  on the 
RESIDUE WEIGHT SUMMARY form ( f i g .  2 )  . The four s teps are the guide for 
t h i s  example. As an aid t o  the user, a blank RESIDUE WEIGHT SUMMARY form 
i s  included a t  the back of t h i s  publication. 
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S U M M A R Y  OF RESIDUE WEIGHT 
~ 

(1) CUTTING 

19596 9.8 
Pounds/acre To n s /a c r e 

(2) TRAMPLING (3 )  DEF. & BREAKAGE 
Po u n d s /a c r e To n s /a c re Po u n d s / a c re To n s /a c r e 
53 7 . 2 7  852  7 4 .26  

PREDICTED WEIGHT, ( 1  )  + ( 2 )  + ( 3 )  Tons /ac re  = 14.33 
(4) EXISTING DOWNED RESIDUE, T o n s / a c r e  = /8.00 
TOTAL RESIDUE ( 1 )  + ( 2 )  + (3 )  + ( 4 ) ,  Tons /ac re  = 32.33 

Page - 1 of ___ 1 

F i g u r e  2.--A c o m p l e t e d  r e s i d u e  w e i g h t  summary form. 
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(1) CUTTING: 

S t e p  1- - E s t i m a t e  number o f  t r e e s  t o  be c u t  per acre ,  by species a n d  
d . b . h . ,  a n d  r e c o r d  o n  l e f t  s i d e  o f  RESIDUE WEIGHT SUMMARY 
form ( f i g .  2 )  I n  t h i s  e x a m p l e ,  t h e r e  a re  29 w e s t e r n  
hemlock ( 1 2-  t o  2 2- i n c h  d . b . h . )  a n d  7 D o u g l a s - f i r  (22-  t o  
26- inch  d . b . h . )  t r e e s  per acre t o  be c u t .  I t  is a l s o  
e s t i m a t e d  t h a t  90 w e s t e r n  hemlock t rees  (1- a n d  2- inch  
d . b . h . )  per acre w i l l  b e  t r a m p l e d .  

S t e p  2- - S e l e c t  t h e  appropr ia te  w e i g h t  t a b l e  t o  be u s e d .  For  t h i s  
e x a m p l e  t a b l e  5 w i l l  be u s e d  b e c a u s e  t o t a l  r e s i d u e  w e i g h t  
i s  n e e d e d  f o r  a m e r c h a n t a b l e  top s p e c i f i c a t i o n  o f  8 i n c h e s .  

Example:  T h e r e  w i l l  be 1 2  w e s t e r n  hemlock t r e e s  w i t h  a d . b . h .  of 
1 2  i n c h e s  c u t  p e r  a c r e .  The r e s i d u e  w e i g h t  est imate f o r  a 
1 2- i n c h  d . b . h .  w e s t e r n  hemlock i s  4 3 4  p o u n d s  ( t a b l e  5 ) ;  
t h u s ,  

1 2  x 4 3 4  = 5 , 2 0 8  l b / a c r e .  

The r e m a i n i n g  t rees  per acre  a re  s i m i l a r l y  e s t i m a t e d ;  
summed, t h e  t o t a l  i s  9 . 8 0  t o n s / a c r e .  

( 2 )  TRAMPLING: I t  was e s t i m a t e d  t h a t  s i x t y  1- i n c h  d . b . h .  a n d  t h i r t y  
2- inch  d . b . h .  w e s t e r n  hemlock w i l l  be  t r a m p l e d .  T h e i r  
p r e d i c t e d  w e i g h t  is :  

[ ( 6 0  x 2 . 8 ) + ( 3 0  x 1 3 . 3 ) ] + 2 , 0 0 0  =0 .27  t o n / a c r e .  
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( 3 )  DEFECT AND BREAKAGE: 

S t e p  3--A timber cruise i n d i c a t e d  t h e  volume to  be h a r v e s t e d  was 
2 ,992  f t 3  per acre, 8 0- p e r c e n t  western hemlock a n d  
2 0- p e r c e n t  D o u g l a s - f i r .  O f  t h e  m e r c h a n t a b l e  volume per 
acre,  a b o u t  1 0  p e r c e n t  w i l l  be  l e f t  i n  t h e  woods; 5 p e r c e n t  
f o r  d e f e c t  a n d  5 p e r c e n t  f o r  b r e a k a g e .  To c h a n g e  volume t o  
w e i g h t ,  m u l t i p l y  by a w e i g h t e d  a v e r a g e  d e n s i t y .  S e e  
t a b l e  11 f o r  d e n s i t i e s  o f  species. F o r  t h i s  e x a m p l e ,  t h e  
w e i g h t e d  d e n s i t y  would  be:  
[ 8 0  p e r c e n t  x 2 8 . 1  + 20 p e r c e n t  x 3 0 . 0 ] / 1 0 0  = 28.5.  

The volume l e f t  o n s i t e  is t h e n  c h a n g e d  t o  w e i g h t  by t h e  
f o l l o w i n g  f o r m u l a :  

w = v x f x s /2 ,000 ;  

where :  W = w e i g h t  o f  l o g g i n g  r e s i d u e  from defect a n d  breakage, 
t o n s / a c r e  ; 

V = m e r c h a n t a b l e  volume o f  trees t o  be c u t ,  f t 3 / a c r e ;  
f = f r a c t i o n  o f  m e r c h a n t a b l e  volume e x p e c t e d  to  b e  l e f t  o n  

t h e  g r o u n d  a s  d e f e c t  a n d  b r e a k a g e ;  
s = d e n s i t y  of wood, lb/f tg3;  a n d  

2 ,000  c h a n g e s  p o u n d s  t o  t o n n e s .  

F o r  t h i s  example :  
V = 2 , 9 9 2  f t 3 ;   

f = 0.05 d e f e c t  p l u s  0.05 breakage which  e q u a l s  0.10; 
s = 28 .5  l b / f  t3 ( w e i g h t e d  average p r e v i o u s l y  c a l c u l a t e d )  ; 

W = ( 2 , 9 9 2  x 0.10 x 2 8 . 5 ) + 2 , 0 0 0  = 4.26 t o n / a c r e .  
a n d  

R e s i d u e  p r e d i c t e d  f rom c u t t i n g ,  t r a m p l i n g ,  and d e f e c t  a n d  
b r e a k a g e  is: 9.80 + 0.27 + 4.26 = 1 4 . 3 3  t o n / a c r e .  

( 4 )  DEAD AND DOWN WOODY MATERIAL: 

Step 4--An i n v e n t o r y  o f  d e a d  a n d  down woody material i n  t h e  area 
y i e l d e d  18 .00  t o n s / a c r e .  

T o t a l  r e s i d u e  p r e d i c t e d ,  t h e n ,  is: 1 4 . 3 3  + 18 .00  = 32 .33  t o n / a c r e .  
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Other Species and Crown Classes 

Procedures outlined i n  the previous section can be used w i t h  unknown 
b u t  probably acceptable accuracy on species that  have branching habits 
similar t o  the species l i s t e d  i n  the tables.  The following combinations 
of species are  probably similar enough t o  yield reasonably accurate 
residue predictions when considered a l ike:  

Listed i n  tables  Like species not l i s t ed  i n  tables  

Lodgepole pine 
Grand f i r  
Western redcedar 
Western white pine 
Ponderosa pine 

Knobcone and white bark pine 
Shasta red f i r  and white f i r  
I ncens e-ceda r 
Sugar pine 
Jeffrey pine 

The tables  i n  t h i s  handbook were developed from data for t rees  having 
dominant and codominant crown classes.  Brown (1978)  found tha t  crown 
weight of intermediate t rees  of shade-tolerant species is not s i g n i f i -  
cantly d i f fe ren t  from tha t  of dominant and codominant t rees .  For shade- 
intolerant  species, however, crown weight of intermediate t rees  i s  
s ignif icant ly  l e s s  than tha t  of dominant and codominant t rees .  T h u s ,  i n  
stands of tolerant  species where a large proportion of the t rees  have 
intermediate crowns, an adjustment of the crown weight based on dominant 
and codominant t rees  may be desirable.  

We recommend adjusting crown weights only for ponderosa pine, lodgepole 
pine, and western larch. When these species dominate the composition and 
have a h i g h  proportion of intermediate t rees ,  adjusted crown weights can 
be calculated a s  follows:

D.b.h. Equation 

Less than 7 .5  inches D '  = D ( l  - 0 . 5 f I )  
7 .5  inches and greater D '  = D ( l  - 0 . 4 f I )  

where: 

D '  = crown weight per acre adjusted for intermediate t rees ,  
D = crown weight per acre based on dominant and codominant t rees ,  

f I =  fract ion of t rees  per acre having intermediate and suppressed 
and 

crowns. 

h e i g h t s  f o r  Douglas- f i r  were developed from t r e e s  of a l l  crown c lasses .  
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Residue Weight (Ib) per 



INCHES 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21 
22  
23  
24 
25  
26 
27 
28  
29 
30 
31  
32  
3 3  
34 
3 5  
36  
37  
3 8  
39  
40 

2 . 9  3 . 1  
1 1 . 6  1 1 . 9  
1 8 . 1  21 .6  
29 
40 
57 
74 
90 

1 0 9  
1 2 9  
1 4 8  
1 6 9  
1 9 1  
216 
24 0 
268 
296 
327 
359 
393 
428  
465 
5 0 3  
542 
586 
628 
672  
716 
7 6 3  
8 1 0  
859  
90 8 
959  

1 0 1 0  
1060  
1120 
1 1 7 0  
1230  
1290  
1350  

37 
54 
78  

104  
1 3 1  
1 6 1  
1 9  3 
222 
254 
288 
3 24 
362 
40 3 
445 
489 
535  
583 
6 3 1  
6 8 1  
732 
784 
839  
892  
947  

1 0 0 0  
1060  
1 1 1 0  
1 1 7 0  
1 2  20 
1280  
1 3  30 
1410  
1500  
1580  
1 6  70 
1760  
1 8  60 

2 . 4  
9 . 8  

1 6 . 7  
26 
35 
47 
58  
65  
7 5  
8 6  
97  

1 0 8  
1 2 1  
1 3 5  
1 5 0  
1 6 5  
1 8 1  
1 9  8 
215 
233 
252 
271  
2 9 1  
3 1  1 
336 
358 
380 
403  
426 
450 
475 
500 
525  
552 
578 
606 
634 
663  
69 2 
7 2 1  

2 . 1  
1 1 . 2  
2 0 . 3  
33  
46  
64 
77 
95  

1 1 6  
1 3  7 
154  
1 7  3 
1 9  3 
215 
238 
263 
290 
318 
348 
379 
412 
446 
482 
520 

3 .7  
1 2 . 1  
1 9 . 0  
29 
38  
5 1  
60  
70 
8 2  
94 

1 0 5  
1 1 6  
1 2 8  
1 4 1  
1 5 5  
1 6 9  
1 8 3  
1 9 9  
215 
231 
248 
265 
28 3 
301  
342 
360 
378 
398 
417 
4 37 
4 58 
479 
500 
522 
54 5 
567 
5 9 1  
614 
638  
662  

3 . 8  
1 2 . 7  
21 .2  
33 
46 
62 
79  
96  

1 1 5  
1 3 5  
1 5 2  
1 7 1  
1 9 1  
21 2 
235 
258 
28 2 
308 
334 
361  
390 
419 
449 
481  
536 
568 
6 0 1  
634 
669 
705  
7 41  
779 
8 1 8  
8 57 
8 9 8  
939 
98  2 

1 0 3 0  
1070  
1 1 1 0  

2 . 8  5 . 0  
1 1 . 3  1 7 . 2  
1 8 . 3  2 9 . 5  
29 
4 1  
58  
7 1  
87  

1 0 7  

1 5 0  
1 7 3  
1 9 9  
227 
256 
288 
3 21  
356 
394 
433 
473 
516 
5 6 1  
607  
659 
709 
760 
814 
870 
927 
986  

1040  
1090  
1140  
1190  
1240  
1 2 9 0  
1 3 4 0  
1390  
1 4 5 0  

1 2 a  

47 
66  
90 

1 1 3  
1 3 9  
1 6 8  
1 9 8  
224 
252 
2 8 1  
312 
34 5 
378 
413 
450 
488 
527 
568 
6 1  1 
654 
699 
767 
814 
8 6 3  
913  
965  

1 0 2 0  
1070  
1130  
1 1 9 0  
1 2 5 0  
1310  
1 3 7 0  
1430  
1 5 0 0  
1570  
1 6 3 0  
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4 1  
4 2  
4 3  
44 
4 5  
4 6  
47 
48  
49 
50  
5 1  
5 2  
5 3  
54  
5 5  
5 6  
57 
5 8  
59 
60 
6 1  
6 2  
6 3  
64 
6 5  
6 6  
67  
6 8  
69  
70 
71  
7 2  
7 3  
74  
7 5  
7 6  
7 7  
7 8  
7 9  
8 0  

1 4 0 0  
1 4  60 
1520  
1 5 9 0  
1650  
1 7 1 0  
1770  
1 8 4 0  
1900  
1 9  70 
2040 
2100 
2170 
2240 
2300 
2370 
2440 
2510 
2580 
2650 
2720 
2790 
2860 
2930 
3000 
3070 
3150 
3220 
3290 
3360 
3430 
3500 
3570 
3650 
3720 
3790 
3860 
3930 
4000 
4070 

1950  
20 50 
2140 
2240 
2340 
2440 
2550 
2660 
2770 
2880 
2990 
3110  
3230 
3350 
3470 
3600 
3730 
3860 
3990 
4130 

7 6 1  
797  
834 
8 7 2  
91  1 
9 50 
990 

1030  
1070 
1 1 2 0  
1 1 6 0  
1200  
1250  
1300  
1340  
1 3 9 0  
1440  
1 4  90 
1540  
1 5 9 0  

700 1 1 6 0  
732 1 2 2 0  
765  1280  
799 1 3 4 0  
8 3 3  1400  
868  1 4 6 0  
904  1520  
941  1 5 8 0  
978  1650  

1 0 2 0  1 7 2 0  
1060  1790  
1 1 0 0  1 8 6 0  
1 1 4 0  1930  
1180  2000 
1220  2080 
1 2 6 0  2150 
1300  2230 
1 3 5 0  2310 
1390  2390 
1 4 4 0  2470 

2550 
2640 
2730 
2810 
29 00 
2990 
3090 
3180 
3280 
3370 
3470 
3570 
3680 
3780 
3880 
3990 
4100 
4210  
4320 
4430 

1 5 0 0  
1 5 5 0  
1 6 0 0  
1 6 5 0  
1 7 3 0  
1 8 0 0  
1 8 8 0  
1 9 5 0  
2030 
2110 
2190 
2280 
2360 
2450 
2540 
2630 
2720 
2810 
2910 
3010 
3100 
3200 
3300 
3410 
3510 
3620 
3720 
3830 
3940 
4060 

1 D F  = DOUGLAS-FIR; P P  = PONDEROSA PINE; WL = WESTERN LARCH; 
LP = LODGEPOLE PINE;  W P  = WESTERN WHITE PINE;  WC = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; GF = GRAND FIR. 

1 7 2 0  
1 8 1 0  
1890  
1980  
2080 
2170 
2270 
2370 
2470 
2570 
2680 
2790 
2900 
3020 
3140 
3260 
3380 
3510 
3640 
3770 
39 00 
4040 

4320 
4470 
4620 
4770 
4930 
5080 I 

5240 

4180  

2OVENDRY WEIGHT. 
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TABLE 2--WEIGHT O F  RESIDUE PER TREE BY D . B . H . ,  OF THAT PORTION O F  THE 
BRANCHWOOD AND UNMERCHANTABLE T I P  THAT I S  > 3  INCHES 
I N  DIAMETER FOR A 6-INCH UNMERCHANTABLE T I P  

6-INCH T I P ,  > 3-INCHES 

1 . o  . o  
2 1.1 . 7  
3 1 4 . 4  9 . 9  
4 35  25  
5 69 50  
6 1 1 3  8 2  

7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20  
2 1  
22  
23  
24  
2 5  
26  
27  
28  
29  
30  
3 1  
32  
3 3  
34 
3 5  
36  
37  
3 8  
39  
40 

1 2 8  1 0 2  
1 1 4  97  
104  9 3  

9 5  90  
8 9  8 9  
8 3  90  
7 8  9 3  
74 97  
7 3  1 0 3  
7 1  1 1 2  
69 1 2 2  
6 8  1 3 5  
68  150  
6 8  167  
6 9  1 8 7  
7 0  210 
7 1  236 
73  264 
9 6  310 
99  345  

1 0 2  383  
1 0 6  425 
111 470 
1 1 6  519 
1 2 2  572 
129  630 
1 3 7  6 9 1  
1 4 5  757 
1 5 5  799 
1 6 5  844 
1 7 6  890 
1 8 8  937  
200 986  
214 1040  

. o  . o  .0 . o  . o  . o  

. 8  . 9  . 9  . 7  1 . 0  . 9  
1 4 . 7  1 6 . 3  1 2 . 5  9 . 2  1 4 . 3  1 2 . 1  
40 42 32  23  37 3 1  
8 2  8 3  66  45  74 62  

1 3 8  134  1 1 2  7 3  1 2 3  1 0 6  

1 4 9  96 94 77 1 0 5  9 3  
1 2 9  82  84  70 94 8 3  
1 1 4  7 1  8 3  6 5  98 79 
1 0 2  6 3  76 6 0  9 1  7 1  

9 3  57 7 0  56  86  66 
8 8  52  6 5  5 3  8 1  6 1  
8 3  47 6 1  50 77 58  
79  43  57 48 74 54 
7 5  40 5 5  46 7 0  52 
7 3  37  52  44 68  50 
7 1  35  50 42  6 5  48 
6 9  33  48 41  6 3  46  
68  3 1  46 39 6 1  45 
67  29 45  38 59 4 3  
66  28 43  37 57 42 
66  27 42 36 55  4 1  
6 5  25 4 1  35  54 40 
6 5  24 40 34 52 39 
99  40 34 79  39 
9 9  40 34 7 7  39  
99  40 34 7 5  39 
99  40 34 74 39  

1 0 0  40 34 72  39  
100  40 34 7 1  39  
1 0 1  40 34 69  39 
1 0  1 40 34 79  39  
1 0 2  40 34 9 1  39 
1 0 3  40 34 1 0 3  39  
104  40 34 118 39 
104  40 34 134 39 
1 0 5  40 34 1 5 1  39 
1 0 6  40 34 170  39  
1 0 7  40 34 1 9 1  39 
1 0 8  40 34 214 39  

1 2  



I NC HES 

4 1  
4 2  
4 3  
44 
45 
4 6  
47 
4 8  
49 
50 
5 1  
5 2  
53 
54  
55 
5 6  
57 
5 8  
59 
60 
6 1  
6 2  
6 3  
6 4  
65 
6 6  
6 7  
6 8  
69 
70 
7 1  
7 2  

7 4  
7 5  
7 6  
77  
7 8  
7 9  
80  

7.3 

229 
245 
262  
280 
29 9 
320 
3 4 1  
364 
389 
414 
4 4 1  
469 
499 
530 
563 
597 
633  
670 
709  
7 50 
79 2 
836  
882  
930 
979  

1 0 3 0  
1080  
1140  
1200  
1250  
1320  
1380  
1440  
1 5 1  0 
1580  
1 6  50 
1730  
1800  
1880  
1 9  60 

1090  
1 1 4 0  
1 1 9 0  
1 2 4 0  
1290  
1 3  50 
14 00 
1 4  60 
1520  
1 5 7 0  
1630  
1 7 0 0  
1760  
1 8  20 
1890  
1 9  50 
2020  
2090 
2160 
2230 

1 0 9  
111 
1 1 2  
1 1 4  
1 1 5  
1 1 7  
1 1 9  
1 2 1  
1 2 3  
1 2 5  
1 2 7  
1 2 9  
1 3 1  
1 3 3  
136  
1 3 8  
140  
1 4  3 
1 4  5 
1 4 8  

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

34  
34 
34 
34 
34  
34 
34 
34 
34  
34 
34  
34 
34  
34 
34 
34 
34  
34 
34  
34 
34  
34 
34 
34 
34 
34  
34 
34 
34 
34 
34  
34 
3 4  
34 
34  
34  
3 4  
34 
34  
34 

238 
265 
293 
324 
335 
346 
357 
369 
3 8 1  
394 
4 06 
419 
432 
445 
459 
473 
487 
5 0 1  
516 
530 
545 
5 6 1  
576 
592  
6 08 
624 
6 4 1  
657 
674 
692 

3 9  
39 
3 9  
3 9  
3 9  
39 
3 9  
3 9  
3 9  
39 
3 9  
39 
3 9  
39 
3 9  
39 
3 9  
39 
3 9  
39 
3 9  
39 ' 
3 9  
3 9  
3 9  
3 9  
3 9  
39 
3 9  
39 

lABOVE THE DASHED LINE, THE ENTIRE BOLE THAT I S  > 3  INCHES IS INCLUDED 
I N  THE WEIGHT ESTIMATES. BELOW THE DASHED LINE, THE 
UUMERCHANTABLE T I P  WEIGHT THAT IS > 3  INCHES IS INCLUDED. 

2 D F    = DOUGLAS-FIR; PP = PONDEROSA PINE; WL = WESTERN LARCH; 
LP = LODGEPOLE    PINE; WP = WESTERN WHITE PINE; wc = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; GF = GRAND F I R .  

3OVENDRY WEIGHT. 

1 3  



TABLE 3--TOTAL WEIGHT O F  RESIDUE PER TREE BY D . B . H . ,  OF FOLIAGE, 
BRANCHWOOD (LIVE AND DEAD) , AND UNMERCHANTABLE T I P  FOR A 
6-INCH UNMERCHANTABLE T I P  

6-INCH T I P ,  TOTAL 

--------- 

D . B . H . 1  
--------- 

INCHES 

1 
2 
3 
4 
5 
6 

7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1 9  
20 
2 1  
22  
2 3  
24 
2 5  
26 
27 
28 
2 9  
3 0  
3 1  
3 2  
33 
34 
3 5  
3 6  
37  
38 
3 9  
40  

------ 

2.9  3.2 2 .4  2 . 1  3 .7  3.8 2 .8  5.0 
12 .6  1 2 . 6  1 0 . 6  1 2 . 1  1 3 . 0  1 3 . 4  1 2 . 3  18.1 
3 2 . 5  31.6 31.4 36.6  31.4  30.4 32 .5  41.6 
64 6 2  66 7 5  6 1  56 66 78  

1 1 0  1 0 4  1 1 7  1 2 9  1 0 4  90  1 1 5  1 2 8  
1 7 0  1 6 0  1 8 5  1 9 8  1 6 4  1 3 6  181 1 9 6  ........................................................ 
20 2 
204 
2 1  2 
224 
236 
252 
270 
290 
313 
338  
366 
395  
4 27 
4 6 1  
497 
534 
57 4 
616 
682  
727 
774 
8 2 3  
874  
926 
9 8 1  

1040  
1100  
1160  
1220  
1280  
1350  
1420  
1490  
1560  

207 
228 
254 
2 8 3  
3 1  1 
344 
380 
4 2 1  
466  
514 
567 
624 
68 5 
750 
819  
8 9 1  
9 6 8  

1050  
1 1 5 0  
1240  
13 30 
1430  
1 5 3 0  
1 6 3 0  
1 7  40 
1 8 5 0  
1 9 7 0  
2090 m 
2470 
2 610 
2750 
29 00 

207 
1 9 4  
1 8 9  
188 
1 9 1  
1 9 6  
204  
214 
225 
238 
251  
267 
2 0 3  
300 
318 
337 
356 
377 
436 
457 
479 
502 
5 26 
550 
5 7 5  
6 0 1  
6 27 
654 
682  
710 
7 39 
768 
7 9 8  
8 2 9  

I I 

1 7  3 
1 7 7  
18 7 
201  
2 1  1 
224 
240 
258 
279 
3 0 1  
325 
3 5 1  
379 
408 
440 
473  
507 
544 

- 

1 5 4  
1 5 4  
1 6  5 
1 7 0  
1 7  4 
181 
1 8 9  
1 9 9  
20 9 
2 21 
233  
247 
261  
276 
2 9 1  
307  
324 
3 41  
382 
4 00 
419 
438 
4 57 
478 
498 
519 
5 4 1  
5 6 3  
5 8 5  
6 0 8  
6 31 
654  
678  
7 0 3  

1 5 6  
1 6 6  
1 8 0  
1 9  5 
209 
224 
24 2 
260 
280 
3 0 2  
325 
348 
37 3 
400 
427 
455 
484 
515 

,570 
6 0 2  
6 3 5  
668  
7 0 3  
739 
776 
813  
852  
8 9 1  
932  
97 3 

1 0 2 0  

1 7  6 
181 
20 5 
219 
236 
255 
276 
300 
3 27 
355 
386 
4 1 9  
454 
4 9 1  
530 
5 7 1  
614 
660 
7 37 
786 
836  
888 
942  
998  

1 0 6 0  
1 1 1 0  
1180  
1240  
1 3 1 0  
1370  
1 4 4 0  

20 6 
222 
247 
270 
29 0 
313 
339 
367 
396 
428 
4 6 1  
496 
533  
5 7 1  
610  
652  
694  
739  
8 0 6  
8 5 3  
90 2 
952  

1000 
1060  
1110 
1 1 7 0  
1 2 3 0  
1 2 9 0  
1 3 5 0  
1410  
1 4 7 0  
1 5 4 0  
1 6 0 0  
1670  

I I 

14 



I NC HES 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

1630 
1710 
1790 
18 70 
1950 
20 30 
2120 
2200 
2290 
2380 
2480 
2570 
2670 
2770 
2870 
2970 
3070 
3180 
3290 
3400 
3 510 
3630 
3740 
3860 
3980 
4100 
4230 
4360 
4480 
4610 
4750 
4880 
5020 
5160 
5300 
5440 
5580 
5730 
5880 
6030 

3040 
3180 
3330 
3480 
3630 
3790 
3950 
4120 
4280 
4450 
4630 
4810 
4990 
5170 
5360 
5550 
5750 
5950 
6150 
6350 

870 
908 
946 
986 
1030 
1070 
1110 
1150 
1200 
1240 
1290 
1330 
1380 
14 30 
1480 
15 30 
1580 
16 30 
1680 
17 40 

740 
772 
805 
839 
87 3 
908 
94 4 
9 81 
1020 
1060 
1100 
1140 
1180 
1220 
1260 
1300 
1340 
1390 
1430 
1480 

1200, 
1250 
1310 
1370 
1430 
1490 
1550 
1620 
1680 
1750 
1820 
1890 
1960 
2030 
21 10 
2190 
2260 
2340 
2420 
2500 
2590 
2670 
2760 
2850 
2940 
30 30 
3120 
3220 
3 310 
3410 
3510 
3610 
3710 
3810 
3920 
40 30 
4130 
4240 
4360 
4470 

1740 
1810 
1890 
1980 
2060 
2150 
2230 
2320 
2410 
2510 
2600 
2700 
2800 
2900 
3000 
31 00 
3 210 
3320 
3420 
3540 
3650 
3760 
3880 
4000 
4120 
4 240 
4360 
4490 
4620 
4750 

1760 
1840 
1930 
2020 
2110 
2210 
2 310 
2410 
2 510 
2610 
2720 
2830 
2940 
3060 
318 0 
3300 
3420 
3550 
3680 
3810 
3940 
4080 
4220 
4 360 
4 510 
4660 
4810 
4960 
5120 
5280 

 ABOVE THE DASHED LINE,  THE ENTIRE BOLE IS INCLUDED IN THE WEIGHT 
ESTIMATES. BELOW THE DASHED LINE, THE UNMERCHANTABLE TIP  
WEIGHT IS INCLUDED. THE SOLID LINE CIRCUMSCRIBES THE FIELD DATA 
L IMITS , EXCLUDING THE UNMERCHANTABLE T I P  . 

2 D F   =   DOUGLAS-FIR; PP = PONDEROSA PINE; WL = WESTERN LARCH; 
LP = LODGEPOLE PINE; WP = WESTERN WHITE PINE; WC = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; GF = GRAND F I R .  

 3OVENDRY WEIGHT. 

0 
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TABLE 4--WEIGHT OF RESIDUE PER TREE BY D.B.H., OF THAT PORTION OF 
THE BRANCHWOOD AND UNMERCHANTABLE T I P  THAT I S  > 3  INCHES 
I N  DIAMETER FOR AN 8-INCH UNMERCHANTABLE T I P  

8-INCH T I P ,  > 3  INCHES 

1 . o  . o  .o  .o  . o  . o  .o  . o  
2 1.1 . 7  .8 . 9  . 9  . 7  1 . 0  . 9  
3 1 4 . 4  9.9 14 .7  1 6 . 3  1 2 . 5  9.2 1 4 . 3  1 2 . 1  
4 3 5  25 40 42 32  23  3 7  31 
5 69 5 0  8 2  8 3  6 6  4 5  74  6 2  
6 1 1 3  8 2  1 3 8  1 3 4  1 1 2  7 3  1 2 3  1 0 6  
7 290 1 5 7  220 207 1 8 2  1 5 3  1 9 9  1 7 2  
8 415 2 5 1  312 286 264 229 284 249 .................................................................... 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
19 
20  
2 1  
2 2  
2 3  
24 
2 5  
26  
2 7  
28  
2 9  
3 0  
31 
3 2  
3 3  
34 
3 5  
3 6  
3 7  
38 
3 9  
40  

350 
316 
288 
265 
246 
23 0 
219 
208  
1 9  9 
1 9 1  
18 5 
18 0 
1 7 6  
1 7  2 
1 7 0  
1 6 9  
2 1  8 
218 
218 
219 
221  
224 
228 
233  
238  
24 5 
253  
2 6 1  
270 
2 81 
29 2 
3 0 5  

298  
278 
261  
248 
239 
233  
230 
2 31 
234 
240 
249 
262 
277 
296  
317 
342  
408 
440 
475  
514 
556  
6 0 3  
654 
709  
769 
8 3 3  
874  
917 
9 6 1  

1 0 1 0  
1 0 5 0  
1 1 0 0  

382  
337 
302  
276 
255  
237 
222 
210 
200 
1 9 1  
1 8 3  
1 7  7 
1 7 1  
1 6 7  
1 6 3  
1 5 9  
237 
234 
230 
228  
225  
223  
2 2 1  
219 
218 
217 
2 1  6 
214 
213  
213 
212 
211  

241  279 
206 248  
1 8 0  224 
1 5 8  205  
1 4 1  1 8 9  
1 2 7  1 7 6  
1 1 5  1 6 5  
1 0 5  1 5 5  

97 1 4 7  
89  1 4 0  
8 3  1 3 4  
77 1 2 9  
72 1 2 4  
68  1 1 9  
64 1 1 6  
60  1 1 2  

1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  

2 1  6 
1 9 7  
1 8 1  
1 6 8  
1 5 7  
1 4 8  
1 4 0  
1 3  3 
1 2 6  
1 2 1  
1 1 6  
111 
1 0 7  
1 0  3 

99  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
96  
9 6  
9 6  
9 6  
96  
96  
96  
9 6  
9 6  
9 6  

3 30 
302  
280 
26G 
244 
229 
217 
206  
1 9 6  
1 8 7  
1 7  9 
1 7  2 
1 6 6  
1 6 0  
1 5 4  
1 4 9  
213  
207  
20 2 
1 9  7 
1 9 2  
1 8 8  
1 8 4  
1 9 1  
200 
2 1  1 
223  
237 
252 
270 
289 
310 

259 
230 
20 8 
1 9  0 
1 7 6  
1 6 4  
1 5 4  
1 4  6 
1 3 9  
1 3 3  
1 2 7  
1 2 2  
1 1 8  
1 1 5  
111 
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  

16 



INCHES 

4 1  
4 2  
4 3  
44  
4 5  
4 6  
47 
4 8  
49 
5 0  
5 1  
5 2  
53 
54  
55 
5 6  
57  
58 
59  
60  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
70  
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
8 0  

319 
3 3 3  
349 
366  
3 8 5  
404 
4 2 5  
447 
470 
4 9 5  
5 2 1  
549  
5 7 8  
60 8 
640  
674  
709  
746  
784 
8 2 5  
8 6 6  
9 1  0 
9 5 5  

1 0 0 0  
1 0 5 0  
1 1 0 0  
1 1 6 0  
1 2 1  0 
1 2 7 0  
1 3 3 0  
1 3 9 0  
1 4  50 
1 5 1 0  
1 5 8 0  
1 6 5 0  
1 7 2 0  
1 7 9 0  
1 8 7 0  
1950  
2030 

1 1 5 0  
1 2 0 0  
1 2 5 0  
1 3 0 0  
1 3 5 0  
1 4 1 0  
1 4 6 0  
15  20 
1570  
1 6  30 
1 6 9 0  
1 7  50 
1 8 1 0  
1 8 8 0  
194  0 
201  0 
2070 
2140 
2 210 
2280 

211  
2 1  1 
212 
212 
212 
2 1  3 
213 
214 
215 
216 
217 
218  
219 
2 2 1  
222 
224 
225  
227 
229 
2 31 

1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
'112 
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  

lABOVE THE DASHED LINE, THE ENTIRE BOLE THAT 

9 6  
9 6  
9 6  
9 6  

9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 5  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  

IS > 3  

. 9 6  

3 3 3  
358 
385 
414 
4 24 
434 
444 
455  
466 
477 
489  
5 0 1  
513 
525  
538 
551 
564 
5 7 8  
592  
6 0 6  
620 
635  
650  
6 6 5  
680  
696  
712 
728  
744 
7 6 1  

INCHES 

1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  

 1 0 8  
1 0 8  

 1 0 8  
1 0 8  
1 0 8  
1 0 8  

1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  
1 0 8  

108 

IS 
INCLUDED I N  THE WEIGHT ESTIMATES. BELOW THE DASHED LINE, THE  

UNMERCHANTABLE T I P  WEIGHT THAT IS > 3  INCHES IS INCLUDED. 

2 D F   = DOUGLAS-FIR; PP = PONDEROSA PINE; WL = WESTERN LARCH; 
LP = LODGEPOLE PINE;  W P  = WESTERN WHITE PINE;  WC = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; GF = GRAND F I R .  

3 OVENDRY WEIGHT. 
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TABLE 5--TOTAL WEIGHT PER TREE BY D.B.H., OF FOLIAGE, BRANCHWOOD 
(LIVE AND DEAD), AND UNMERCHANTABLE T I P  FOR AN 8- INCH 
UNMERCHANTABLE T I P  

8-INCH T I P ,  TOTAL 

--------- 

D.B.H.1 --------- 
INCHES 

1 
2 
3 
4 
5 
6 
7 
8 

9 
1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1 9  
20 
2 1  
22 
23  
24 
25  
26 
27 
28 
29 
30 
3 1  
32 
3 3  
34 
3 5  
3 6  
37 
3 8  
39  
40 

----- 

2.9 3.2 2.4 
1 2 . 6  1 2 . 6  1 0 . 6  
32 .5  31.6 31.4 
64 6 2  66 

1 1 0  104  1 1 7  
1 7 0  1 6 0  1 8 5  
364 2 6 1  278 
505  382  377 ..................... 
459 
444 
435 
434 
437 
446 
459 
476 
495  
518 
544 
5 7 3  
604  
637  
6 7 3  
7 1 1  
804  
8 4 6  
890  
9 3 6  
984 

1030  
1090  
1 1 4 0  
1 2 0 0  
1260  
1320  
1380  
1 4  40 
1510  
1 5 8 0  
1650  

459 
470 
483  
5 0 2  
527 
557 
59 3 
634  
679 
730 
785  
844  
908  
977  

1 0 5 0  
1 1 3 0  
1 2 5 0  
1 3 3 0  
1 4  20 
1510  
1 6 1 0  
1710  
18 20 
1 9 3 0  
2050 
2160 
2290 
2410 
2540 
2680 
2820 
2960 

456 
422 
399 
38 5 
376  
372 
372  
37 5 
381 
389 
398  
410 
423  
430 
454 
4 7 1  
5 7 3  
592 
6 1 1  
6 31 
652 
67 3 
6 9 6  
719 
744 
768 
794 
820  
8 4 7  
87  5 
9 0 4  
933  

2 .1  3.7 3.8 2 .8  
1 2 . 1  13 .0  13 .4  1 2 . 3  
36 .6  31.4 30.4  3 2 . 5  
7 5  6 1  56 6 6  

1 2 9  1 0 4  90  1 1 5  
1 9 8  1 6 4  1 3 6  181 
284 242 232 270 
380 334 325  372 

........................... 
356 
344 
334 
3 3 1  
334 
34 2 
354 
369 
387 
407 
431  
456 
484 
514 
546 
58  0 

362 
34 2 
329 
3 2 1  
317 
317 
320 
324 
3 3 1  
339 
349 
360 
372 
385 
398  
413 
454 
472 
490 
510 
5 29 
549 
570 
5 9 1  
6 1  2 
634 
657 
679  
70 3 
726  
7 50 
774 

3 3 1  
332 
334 
34 0 
349 
360 
374 
3 9 1  
408 
428 
449 
47 2 
496 
522 
549 
577 
632 
664 
697 
730 
765 
8 0 1  
838  
87 5 
914 
953  
994 

1040  
1 0 8 0  
1 1 2 0  
1 1 7 0  
1210  

5.0 
18.1 
41.6  
7 8  

1 2 8  
1 9  6 
28 5 
388  

.------ 
437 
430 
4 29 
434 
443  
456 
473  
494 
517 
544 
573  
6 0 5  
6 39 
676 
7 1  5 
756  
8 7 1  
916 
962  

1 0 1 0  
1 0 6 0  
1 1 1 0  
1170  
1230  
1 2 9 0  
1350  
1 4 1 0  
1 4 8 0  
1 5 4 0  
1 6 1 0  
1 6 8 0  
1 7 6 0  

427 
428 
432 
44 2 
457 
476  
499 
524 
552 
58 3 
6 1  5 
650  
687  
7 2 5  
7 66 
8 0 8  
8 7 5  
922  
9 7 1  

1 0 2 0  
1 0 7 0  
1 1 3 0  
1 1 8 0  
1 2 4 0  
1 2 9 0  
1 3 5 0  
1 4 1 0  
1 4 8 0  
1 5 4 0  
1 6 1 0  
1 6 7 0  
1 7 4 0  
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TABLE 5--CONTINUED 

4 1  
42 
4 3  
44 
4 5  
46 
47 
48  
49 
50 
5 1  
5 2  
5 3  
54 
55  
5 6  
57  
5 8  
59  
60 
6 1  
6 2  
6 3  
64 
6 5  
6 6  
67 
68  
69 
70 
7 1  
72  
7 3  
74 
7 5  
76  
77 
78  
7 9  
80  

1720 
1800  
1870 
1 9  50 
2030 
2120 
2200 
2290 
2370 
2460 
2560 
2650 
2750 
2850 
2950 
30 50 
3150 
3260 
3370 
3480 
3590 
3700 
3820 
3930 
4 050 
4180 
4300 
4430 
4550 
4680 
4820 
4950 
5090 
5220 
5370 
5510 
5650 
5800 
5950 
6 1  00 - 

3100 
3250 
3390 
3540 
3690 
3850 
4010 
4170 
4340 
4510 
4680 
4860 
5040 
5230 
5410 
5610 
5800 
6000 
6200 
6400 

973  
1010  
1 0 5 0  
1 0 8 0  
1120  
1160  
1200  
1250  
1290  
1330  
1380  
1 4  20 
1470  
15  20 
1560 
1 6 1 0  
1660  
1 7  20 
1770  
18 20 

812  
844 
87 7 
9 1 1  
94 5 
980 

1020  
1050  
1090  
1130  
1 1 7 0  
1 2 1 0  
1250  
1 2 9 0  
1330  
1370  
1420  
1 4 6 0  
1510  
1 5 5 0  

1 2 6 0  
1320  
1370  
1 4  30 
1490  
1 5 5 0  
1620  
1 6 8 0  
1750  
1 8 1 0  
1880  
1950  
2020 
21 00 
2170 
2250 
2320 
2400 
2480 
2570 
2650 
2740 
2820 
2910 
3000 
3090 
3180 
3280 
3370 
3470 
3570 
3670 
3770 
3880 
3980 
4090 
4200 
4310 
4420 
4530 

1 8 3 0  
1 9 1 0  
1 9 9 0  
2070 
2150 
2230 
2320 
2410 
2500 
2590 
2680 
2780 
2880 
2980 
3080 
3180 
3290 
3390 
3500 
3610 
3720 
3840 
3950 
4070 
4190 
4310 
4440 
4560 
4690 
4820 

1 8 3 0  
1 9 1  0 
2000 
2090 
2180, 
2280 
2380 
2480 

, 2 5 8 0  
2680 
2790 
2900 
3010 
3130 
3250 
3370 
3490 
3620 
3750 
3880 
4010 
4150 
4290 
4430 
4 580 
4730 
4880 
50 30 
5190 
5350 

lABOVE THE DASHED LINE, THE ENTIRE BOLE IS INCLUDED I N  THE WEIGHT 
ESTIMATES. BELOW THE DASHED LINE, THE UNMERCHANTABLE T I P  
WEIGHT IS INCLUDED. THE SOLID LINE CIRCUMSCRIBES THE FIELD DATA 
LIMITS,  EXCLUDING THE UNMERCHANTABLE T I P .  

2 D F   = DOUGLAS-FIR; PP = PONDEROSA PINE; WL = WESTERN LARCH; 
LP = UIDGEPOLE PINE;  WP = WESTERN WHITE PINE;  WC = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; G F  = GRAND FIR.  

3OVENDRY WEIGHT. 
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TABLE 6--WEIGHT OF RESIDUE PER SQUARE FOOT OF BASAL AREA BY D.B.H.,  
OF FOLIAGE AND THAT PORTION OF THE BRANCHWOOD (LIVE AND 
DEAD), AND UNMERCHANTABLE T I P  THAT I S  - <3 INCHES I N  
DIAMETER 

<3 INCHES, BASAL AREA - 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22 
23  
24 
25  
26 
27 
28 
29 
30 
3 1  
32 
3 3  
34 
35  
36 
37 
38  
39  
40 

532.8  576.6  445.8  379.2  670.2  687.7  517 .1  9 1 8 . 1  
531.0 543.6  449.9  512.3  555.8  583.7 518 .7  788.2  
3 6 9 . 1  440.9  340.6  412.8 386.4  431.6  372.0 6 0 1  
330 419 298 377 329 379 336 535 
296 398 253 337 2 8 1  337 302 482 
289 396 239 327 262 318 295 460 
276 390 215 288 224 296 266 422 
258 375 1 8 7  272 2 0 1  275 250 397 
246 364 1 6 9  262 1 8 6  260 243 380 
236 353 1 5 7  252 1 7 2  247 234 363 
224 336 147  234 158  2 3 1  227 340 
215 323 1 3 8  220 1 4 8  218 221  321  
208 312 1 3 2  210 1 3 9  207 216 305  
202 3 0 3  1 2 6  201 1 3 2  1 9 9  212 292 
196  295 1 2 2  194  1 2 6  1 9 1  209 2 8 1  
1 9 2  289 1 1 8  1 8 9  1 2 1  1 8 5  206 271  
1 8 8  283  1 1 5  184  116 1 7 9  204 262 
1 8 5  277 1 1 2  180  1 1 2  1 7 4  202 255 
1 8 2  272 1 0 9  1 7 7  1 0 9  170  200 248 
1 8 0  267 1 0 7  1 7 4  1 0 6  1 6 6  1 9 8  242 
1 7 8  262 1 0 5  1 7 1  1 0 3  1 6 2  1 9 7  236 
1 7 6  258 1 0 3  1 6 9  1 0 0  1 5 9  1 9 6  231  
174  254 1 0 1  1 6 7  9 8  1 5 6  194  227 
1 7 3  250 99 1 6 5  96  1 5 3  1 9 3  223 
1 7 2  246 9 9  100  157  1 9 3  225 
170  242 97  98  1 5 4  1 9 2  221  
1 6 9  238 9 6  9 5  1 5 1  1 9 1  217 
1 6 8  234 94 9 3  1 4 8  190  213 
166  230 9 3  9 1  1 4 6  190  210 
1 6 5  226 9 2  8 9  1 4 4  1 8 9  207 
164  223 9 1  8 7  1 4 1  1 8 8  205  
1 6 3  219 90  8 6  1 3 9  1 8 5  202 
1 6 2  215 8 8  84  1 3 8  1 8 3  200 
160  2 1 1  87  8 3  1 3 6  180  1 9 8  
1 5 9  211 8 7  8 2  134  1 7 8  1 9 6  
1 5 8  212 8 6  80 1 3 3  1 7 5  1 9 4  
1 5 7  212 8 5  79  1 3 1  1 7 3  1 9 2  
1 5 6  212 84  78 1 3 0  1 7 0  1 9 0  
1 5 5  213 8 3  7 7  1 2 9  1 6 8  1 8 9  
1 5 4  213 8 3  76  1 2 8  1 6 6  1 8 7  
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INCHES 

4 1  
42  
4 3  
44 
4 5  
46  
47  
48 
49  
50 
5 1  
5 2  
5 3  
54  
5 5  
5 6  
57  
5 8  
59  
60  
6 1  
6 2  
6 3  
64  
6 5  
6 6  
67  
6 8  
6 9  
70 
7 1  
7 2  
7 3  
74  
7 5  
7 6  
7 7  
7 8  
79  
80  

1 5 3  
1 5 2  
1 5 1  
150  
1 4  9 
1 4  8 
1 4  7 
14  6 
1 4  5 
1 4 4  
1 4  3 
14  3 
14  2 
1 4 1  
140  
1 3 9  
1 3 8  
1 3 7  
1 3  6 
1 3 5  
1 3 4  
1 3 3  
1 3  2 
1 3 1  
130  
1 2 9  
1 2 8  
1 2 8  
1 2 7  
1 2 6  
1 2 5  
1 2 4  
1 2  3 
1 2 2  
1 2 1  
120  
1 1 9  
118 
118 
1 1 7  

213 
213 
212 
212 
212 
212 
2 1  2 
21  1 
21 1 
211  
21 1 
2 1 1  
21 1 
2 1  1 
21 1 
2 1  0 
210 
21 0 
210 
21 0 

8 3  
8 3  
8 3  
8 3  
8 2  
8 2  
8 2  
8 2  
8 2  
8 2  
8 2  
8 2  
8 2  
81 
81 
81 
81 
81 
81 
81 

7 6  
76  
7 6  
7 6  
7 5  
7 5  
7 5  
7 5  
7 5  
7 5  
74  
74  
74  
74  
74  
74  
74  
74  
7 3  
7 3  

1 2 7  
1 2 7  
1 2 7  
1 2 7  
1 2 6  
1 2 6  
1 2  6 
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2 6  
1 2  6 
1 2 6  
1 2 6  
1 2 7  
127  
1 2 7  
1 2  7 
1 2 7  
1 2 7  
1 2 7  

1 6 3  
1 6 1  
1 5 9  
1 5 7  
1 5 6  
1 5 6  
1 5 6  
155 
155 
155 
155 
155 
1 5 4  
1 5 4  
1 5 4  
1 5 4  
154  
153 
153 
1 5 3  
153 
1 5 3  
1 5 3  
1 5 2  
1 5 2  
1 5 2  
1 5 2  
1 5 2  
1 5 2  
1 5 2  

1 D F   = DOUGLAS-FIR; PP = PONDEROSA PINE; WL = WESTERN LARCH; 
LP = LODGEPOLE PINE; WP = WESTERN WHITE PINE; WC = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; GF = GRAND FIR. 

188 
188 
188 
188 
188 
1 8 8  
188 
188 
1 8 9  
18 9 
1 8 9  
1 8 9  
1 9 0  
190  
190  
1 9 1  
1 9 1  
1 9 1  
1 9  2 
1 9  2 
1 9  2 
1 9 3  
1 9 3  
1 9 4  
194  
1 9  4 
1 9  5 
1 9  5 
1 9  6 
1 9  6 

2 OVENDRY WEIGHT. 
, 
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TABLE 7--WEIGHT OF RESIDUE PER SQUARE FOOT OF BASAL AREA BY D.B.H.,  OF 
THAT PORTION OF THE BRANCHWOOD (LIVE AND DEAD) AND 
UNMERCHANTABLE T I P  THAT IS > 3  INCHES I N  DIAMETER FOR A 
6-INCH UNMERCHANTABLE T I P  

6-INCH TIP ,  > 3  INCHES, BASAL AREA 

1 2.2 1 .6  1 . 3  1 . 3  1 . 8  1 . 5  2 . 1  1.8 
2 48.5  32.4 36.9 42.5  3 9 . 1  31.6  45.7  39.2  
3 293.0 202.7 299.9 332.0  253.8  188 .2  290.8  245.7 
4 406 287 460 486 3 7 1  260 419 353 
5 5 0 8  365 6 0 3  610 485 327 540 458 
6 577 419 7 0 1  683 5 7 1  373  628 538 

7 480 383 558 359 3 5 1  288 393 347 
8 328 279 369 235 240 2 0 1  268 239 
9 235 211  258 1 6 2  1 8 8  1 4 6  222 1 7 8  

1 0  1 7 5  166  1 8 8  1 1 6  1 3 9  1 1 0  1 6 8  1 3 1  
11 1 3 4  1 3 5  1 4 2  8 6  1 0 6  8 5  130  1 0 0  
1 2  1 0 6  1 1 5  1 1 2  66 8 3  68  1 0 3  78 
1 3  8 5  1 0 0  90 5 1  66  55 84 62 
1 4  69 9 1  74 4 1  54 45  69 51 
1 5  59 84 6 1  33  4 4  37 57 42 
1 6  51  80 5 2  27 37 32  48 36 
1 7  44 77 45 22 32 27 4 1  30 
1 8  39 76 39 1 9  27 23  35 26 
19  35  76 34 1 6  24 20 31  23 
20 3 1  77 3 1  1 3  21  1 8  27 20 
21  29 78 27 1 2  1 8  1 5  24 1 8  
22 26 8 0  25  1 0  1 6  1 4  21 1 6  
23  25 82  23 9 1 4  1 2  1 9  1 4  
24 23  84  2 1  8 1 3  11 1 7  1 3  
25  28  9 1  29 1 2  1 0  23 1 2  
26 27 94  27 11 9 21  11 

96  25 1 0  9 1 9  1 0  
99  2 3  9 8 1 7  9 28 25  

29 24 1 0 2  22  9 7 1 6  9 
30 24 106  20 8 7 1 4  8 
3 1  23 1 0 9  19  8 7 1 3  8 

3 3  23 1 1 6  1 7  7 6 1 5  7 
34 23  1 2 0  16 6 5 1 6  6 
35  23 120  1 6  6 5 18 6 
36 23 1 1 9  1 5  6 5 1 9  6 
37 24 1 1 9  1 4  5 5 20 5 
38 24 1 1 9  1 3  5 4 22 5 
39 24 1 1 9  1 3  5 4 23  5 
40 25 1 1 9  1 2  5 4 25 5 

.................................................................... 

27 26 > 

32 23  1 1 3  18 7 6 1 4  7 
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I NC HES 

4 1  
4 2  
4 3  
44 
4 5  
46 
47 
48  
49 
50 
5 1  
5 2  
5 3  
54  
5 5  
56  
57  
5 8  
59 
60 
6 1  
6 2  
6 3  
64 
6 5  
6 6  
6 7  
6 8  
6 9  
70 
7 1  
7 2  
7 3  
74  
7 5  
7 6  
7 7  
7 8  
7 9  
8 0  

2 5  
2 5  
26 
27 
27 
28 
28 
29 
3 0  
30 
31 
32 
3 3  
3 3  
34 
3 5  
3 6  
37 
37 
38 
39  
40 
4 1  
4 2  
4 2  
4 3  
44 
4 5  
46 
47 
48 
4 9  
5 0  
5 1  
5 2  
5 2  
53 
54  
5 5  
5 6  

118 
118 
118 
1 1 7  
1 1 7  
1 1 7  
1 1 6  
1 1 6  
1 1 6  
1 1 5  
1 1 5  
1 1 5  
1 1 5  
1 1 5  
1 1 4  
114  
1 1 4  
114  
1 1 4  
1 1 3  
1 1 3  
113 
113 
1 1 3  
113 
113 
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
111 
111 
111 
111 
111 
111 

1 2  
11 
11 
11 
1 0  
1 0  
1 0  
1 0  

9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
6 
6  
6 
6 
6 
6 
6 
6 

4 4 
4 4 
4 3 
4 3 
4 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 2 
3 2 
3 2 
3 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 

2 
2 
2 
2 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1

26 
28 
29 
31 
30 
30'  
30 
29 
29 
29 
29 
28 
28 
28 
28 
28 
27 
27 
27 
27 
27 
27 
27 
26 
26 
26 
26 
26 
26 
26 

4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 

lABOVE THE DASHED LINE, THE ENTIRE BOLE THAT IS > 3  INCHES IS INCLUDED 
I N  THE WEIGHT ESTIMATES. BELOW THE DASHED LINE, THE 
UNMERCHANTABLE T I P  WEIGHT THAT IS >3 INCHES IS INCLUDED. 

2 D F   = DOUGLAS-FIR; PP = PONDEROSA PINE; WL= WESTERN LARCH; 
LP = LODGEPOLE PINE;  W P  = WESTERN WHITE PINE;  WC = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; GF = GRAND FIR.  

3OVENDRY WEIGHT. 
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TABLE 8--TOTAL WEIGHT OF RESIDUE PER SQUARE FOOT OF BASAL AREA BY D.B.H., 
O F  FOLIAGE, BRANCHWOOD (LIVE AND DEAD), AND UNMERCHANTABLE 
T I P  FOR A 6-INCH UNMERCHANTABLE T I P  

6-INCH T I P ,  TOTAL, BASAL AREA 

--------- 

D . B . H . 1  
- - - - - - - - - 

INCHES 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10  
11 
1 2  
1 3  
14  
1 5  
1 6  
1 7  
1 8  
19  
20 
2 1  
22 
2 3  
24 
25 
26 
27 
28 
29 
30 
31  
32 
3 3  
34 
3 5  
36 
37 
38 
39  
40 

------ 

535.0 578.3  4 4 7 . 1  380.6  672.0  689.2  519.2  919.9 
579.5  576.0  486.7  554.8 594.9  615.3  564.4  827.4 
662.0  643 .5  640 .5  744.8  640 .1  619.9  662 .8  846.8  
736 706  759  8 6 3  700 639 755  889  
8 0 4  7 6 3  857  946 766  664 8 4 1  940  
866  814 9 4 1  1 0 1 0  8 3 3  6 9 1  923  997 

.------------------------------------------------------ 
756 
585  
4 81 
411  
358 
320 
293  
2 7 1  
255 
24 2 
232 
224 
217 
211  
207 
202 
1 9  9 
1 9 6  
200 
1 9  7 
1 9  5 
1 9  2 
1 9  0 
1 8 9  
18 7 
1 8 6  
18 5 
1 8 3  
18 2 
1 8 2  
181 
18 0 
1 7 9  
1 7 9  

7 7 3  
654 
57 5 
519 
472 
437 
412 
394 
379 
368  
360 
35  3 
348  
344  
340 
338 
335 
334 
337 
336  
334 
333  
333  
332 
332  
3 31 
331 
3 3 1  
331 
3 3 1  
3 3 1  
3 31 
332 
332  

774 
557 
4 27 
34 5 
289 
250 
2 2 1  
200 
1 8 3  
1 7 0  
1 6 0  
1 5 1  
1 4 4  
1 3 7  
1 3 2  
1 2 8  
1 2 4  
1 2 0  
1 2 8  
1 2 4  
1 2 1  
1 1 7  
1 1 5  
1 1 2  
1 1 0  
108 
1 0 6  
1 0 4  
1 0 2  
1 0 0  

9 9  
9 8  
96 
9 5  - 

647 
507 
424 
368 
320 
286 
261  
24 2 
227 
215 
206 
1 9 9  
1 9 2  
18 7 
18 3 
1 7 9  
1 7  6 
1 7 3  

575  
4 4 1  
374 
311  
264 
230 
20 5 
1 8 6  
1 7 0  
1 5 8  
1 4 8  
1 4  0 
1 3 2  
1 2 6  
1 2 1  
1 1 6  
1 1 2  
1 0 9  
1 1 2  
1 0 8  
1 0 5  
1 0 2  
1 0 0  

9 7  
9 5  
9 3  
9 1  
8 9  
88 
8 6  

584 
476 
407 
357 
316 
28 6 
262 
24 4 
229 
216 
20 6 
1 9  7 
190  
183 
1 7 7  
1 7  2 
1 6 8  
1 6 4  
1 6 7  
1 6  3 
1 6 0  
1 5 6  
1 5 3  
1 5 1  
1 4  8 
1 4 6  
1 4  3 
1 4 1  
1 3 9  
138 

659 
517 
464 
402  
3 57 
324 
300 
2 81 
266 
254 
245 
237 
2 3 1  
225 
220 
216 
2 1  3 
210 
216 
213 
2 1  0 
2 08  
20 5 
2 0 3  
201  
200 
1 9 8  
1 9 7  
1 9 5  
1 9 4  
1 9 3  
1 9 2  
1 9 1  
1 9 0  

770 
636  
558  
494 
440 
399 
368 
34 3 
323 
306  
293  
2 81 
270 
262 
254 
247 
2 4 1  
235  
236 
2 3 1  
227 
2 2 3  
2 1  9 
215 
212 
209  
20 6 
204 
201  
1 9  9 
1 9 7  
1 9  5 
193 
1 9  2 

26 



INCHES 

4 1  
4 2  
4 3  
44 
4 5  
4 6  
47 
4 8  
4 9  
50 
5 1  
5 2  
5 3  
54  
5 5  
5 6  
57  
5 8  
59  
60 
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
70 
7 1  
7 2  
7 3  
74  
7 5  
7 6  
7 7  
7 8  
7 9  
8 0  

1 7  8 
1 7 8  
177  
1 7  7 
1 7  6 
1 7  6 
1 7 6  
1 7  5 
1 7  5 
1 7  5 
1 7  5 
1 7  4 
1 7  4 
1 7  4 
1 7  4 
1 7  4 
1 7  4 
1 7  3 
1 7  3 
1 7 3  

1 7 3  
1 7  3 
1 7  3 
1 7  3 
1 7  3 
1 7  3 
1 7  3 
1 7  3 
1 7 3  

1 7  3 
1 7  3 
1 7  3 
1 7  3 
1 7  3 
1 7  3 
1 7  3 
1 7  3 
1 7  3 

i 7  3 

1 7  3 

3 31 
331  
330 
329 
329 
328 
328 
327 
327 
327 
326  
326 
326  
3 2 5  
3 2 5  
325  
324 
324 
324 
324 

lABOVE THE DASHED LINE, 

9 5  
94 
94  
9 3  
9 3  
9 2  
9 2  
9 2  
9 1  
9 1  
9 1  
90 
90  
90 
90  
8 9  
8 9  
8 9  
8 9  
88 

81 
80  
8 0  
7 9  
7 9  
79 
78  
7 8  
7 8  
78  
7 7  
7 7  
7 7  
77 
7 6  
7 6  
7 6  
76 
7 6  
7 5  

131 
130 
1 3 0  
1 3 0  
1 2 9 .  
1 2 9  
1 2 9  
1 2 9  
1 2 9  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 7  
1 2 7  
1 2 7  
1 2 7  
1 2 7  
1 2 7  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  
1 2 8  

THE ENTIRE BOLE IS INCLUDED 

1 iii  
1 8 7  
1 8 6  
18 5 
18 5 
1 8 4  
1 8 4  
18 3 
183 
1 8 2  
18 2 
1 8 2  
181 
181 
181 
1 8 0  
1 8 0  
1 8 0  
1 8 0  
1 7 9  
1 7 9  
1 7 9  
1 7 9  
1 7 8  
1 7 8  
1 7 8  
1 7 8  

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

1 9  8 

I N  THE WEIGHT 
ESTIMATES. BELOW THE DASHED LINE, THE UNMERCHANTABLE TIP  
WEIGHT IS INCLUDED.' THE SOLID LINE CIRCUMSCRIBES THE FIELD DATA 
LIMITS,  EXCLUDING THE UNMERCHANTABLE T I P .  

2 D F   = DOUGLAS-FIR; PP = PONDEROSA PINE; WL = WESTERN LARCH; 
LP = LODGEPOLE PINE;  WP = WESTERN WHITE PINE: WC = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; GF = GRAND F I R .  

3OVENDRY WE IGHT. 
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TABLE 9--WEIGHT O F  RESIDUE PER SQUARE FOOT OF BASAL AREA BY D.B.H., OF 
THAT PORTION O F  THE BRANCHWOOD (LIVE AND DEAD) AND 
UNMERCHANTABLE T I P  THAT I S  > 3  INCHES I N  DIAMETER FOR AN 
8-INCH UNMERCHANTABLE T I P  

8-INCH T I P ,  > 3  INCHES, BASAL AREA 

1 2.2 1 . 6  1 .3  
2 48.5 32.4 36 .9  
3 293.0 202 .7  299.9 
4 406 287 460 
5 5 0 8  365 6 0 3  
6 577 419 7 0 1  
7 1080  588  8 2 3  
8 1 1 9 0  720 8 9 3  

9 7 9 3  6 7 5  864  
1 0  579 509  617 
11 436 395 458 
1 2  337 316 352 
1 3  267 259 276 
1 4  215 218 222 
1 5  1 7 8  188 1 8 1  
1 6  1 4 9  1 6 5  1 5 0  
1 7  1 2 6  1 4 8  1 2 7  
18 1 0 8  1 3 6  1 0 8  
1 9  94 1 2 7  9 3  
20 8 2  1 2 0  8 1  
2 1  7 3  1 1 5  7 1  
2 2  6 5  1 1 2  6 3  
2 3  59  1 1 0  56 
24 54 1 0 9  5 1  
2 5  64  1 2 0  70 
26  59  1 1 9  6 3  
27 5 5  1 1 9  58  
2 8  51  1 2 0  5 3  
29 4 8  1 2 1  49 
30  46  1 2 3  4 5  
3 1  44 1 2 5  42 
3 2  42  1 2 7  39 
3 3  40 1 2 9  37 
34  3 9  1 3 2  34 
3 5  38 1 3 1  32  
3 6  3 7  1 3 0  30 
3 7  36 1 2 9  29 
38 36  1 2 8  27 
3 9  3 5  1 2 7  26 
40  35 1 2 6  24 

............................ 

1 . 3  1.8 1 . 5  2 . 1  1.8 
42 .5  3 9 . 1  31.6 45.7 39 .2  

332.0 253 .8  1 8 8 . 2  290 .8  245.7 
486  3 7 1  260 419 3 5 3  
610 485  327 540 458  
6 8 3  5 7 1  373  628  538 
776  683  572  7 4 3  6 4 3  
818 755  656 815 714 

5 4 5  632  488 747 586  
378  455  3 6 1  555  422  
272 340 275 424 3 1 5  
202 2 6 1  214 3 3 1  242  
1 5 3  205  1 7 1  264 1 9 1  
1 1 9  1 6 5  138 215 1 5 4  

94 1 3 4  1 1 4  1 7 7  1 2 6  
7 5  111 9 5  1 4 7  1 0 4  
6 1  9 3  8 0  1 2 4  88 
51 79 6 8  1 0 6  7 5  
42 68  59  9 1  6 5  
3 5  59  51 79 5 6  
30 5 1  44 6 9  49 
26 45  3 9  60 4 3  
22 40 34 5 3  39 
1 9  36 3 1  47 34 

33  28 6 2  32  
30 26 56 29 
28 24 51 27 
26 22 46 2 5  
24 2 1  42 24 
2 3  20 38  22 
2 1  18 3 5  2 1  
20 1 7  34 1 9  
1 9  1 6  34 18 
18 1 5  3 3  1 7  
1 7  1 4  3 3  1 6  
1 6  1 4  3 3  1 5  
1 5  1 3  34 1 5  
1 4  1 2  34 1 4  
1 4  1 2  3 5  1 3  
1 3  11 3 6  1 2  

I---------------------------------------- 
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INCHES 

4 1  
42 
4 3  
4 4  
4 5  
46  
47 
48  
49 
50 
5 1  
5 2  
5 3  
54 
5 5  
5 6  
57 
5 8  
59 
60 
6 1  
6 2  
6 3  
64 
6 5  
6 6  
6 7  
68  
69  
70 
7 1  
7 2  
7 3  
74  
7 5  
7 6  
7 7  
7 8  
7 9  
80  

35  
3 5  
35  
35  
35  
35  
3 5  
36 
36 
36 
37 
37 
38 
38 
39 
39 
40 
4 1  
4 1  
42 
4 3  
43  
4 4  
45 
46 
46 
47 
48 
49 
50 
50 
5 1  
52  
5 3  
54 
55  
5 5  
56 
57 
58 

126  
1 2 5  
124 
1 2 3  
1 2  2 
1 2 2  
1 2 1  
1 2 1  
1 2 0  
120  
1 1 9  
1 1 9  
1 1 8  
1 1 8  
1 1 8  
1 1 7  
1 1 7  
1 1 7  
1 1 6  
1 1 6  

23 
. 22 

21 
20 
1 9  
18 
18 
1 7  
1 6  
1 6  
1 5  
1 5  
1 4  
1 4  
1 3  
1 3  
1 3  
1 2  
1 2  
1 2  

1 2  
1 2  
11 
11 
1 0  
1 0  

9 
9 
9 
8 
8 
8 
7 
7 
7 
7 
6 
6 
6 
6 

1 0  
1 0  
1 0  

9 
9 
8 
8 
8 
7 
7 
7 
7 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

36 
37 
38 
39 
38  
38 
37 
36 
36 
35 
34 
34 
3 3  
33 
3 3  
32 
32 
3 1  
31 
3 1  
31 
30 
30 
30 
30 
29 
29 
29 
29 
28 

1 2  
11 
11 
1 0  
1 0  

9 
9 
9 
8 
8 
8 
7 
7 
7 
7 
6 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 

lABOVE THE DASHED LINE, THE ENTIRE BOLE THAT IS > 3  INCHES IS  INCLUDED 
I N  THE WEIGHT ESTIMATES. BELOW THE DASHED LINE, THE 
UNMERCHANTABLE T I P  WEIGHT THAT IS > 3  INCHES IS  INCLUDED. 

2 D F  = DOUGLAS-FIR; PP = PONDEROSA PINE; WL = WESTERN LARCH; 
LP = LODGEPOLE P I N E ;  WP = WESTERN WHITE PINE;  WC = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; GF = GRAND FIR.  

3OVENDRY WEIGHT. 
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TABLE 10--TOTAL WEIGHT OF RESIDUE PER SQUARE FOOT O F  BASAL AREA BY D.B.H., 
OF FOLIAGE, BRANCHWOOD (LIVE AND DEAD), AND UNMERCHANTABLE 
T I P  FOR AN 8-INCH UNMERCHANTABLE T I P  

8-INCH T I P ,  TOTAL, BASAL AREA 

--------- 

D . B . H . 1  
--------- 

I NC HES 

1 
2 
3 
4 
5 
6 
7 
8 

9 
1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1 9  
20 
21  
22 
2 3  
24 
2 5  
26 
27 
28  
29 
30  
3 1  
32  
3 3  
34 
3 5  
3 6  
37 
38  
3 9  
40  

------ 

535.0 578.3 447 .1  380.6 672.0 689.2 519.2 919.9 
579.5 576.0 486 .7  554.8 594.9 615 .3  564.4 827 .4  
662 .0  643 .5  640 .5  744 .8  6 4 0 . 1  619.9 662 .8  846 .8  
736 706  759  8 6 3  700 639 755  889 
8 0 4  7 6 3  8 5 7  946 766  664 8 4 1  940  
866  814 9 4 1  1 0 1 0  8 3 3  6 9 1  923  997 

1360 978  1040  1060  9 0 7  8 6 7  1 0 1 0  1 0 7 0  
1450 1 1 0 0  1 0 8 0  1 0 9 0  956  9 3 1  1 0 6 0  1 1 1 0  
....................................................... 
1040 

815  
660 
5 52 
475  
417 
374 
3 4 1  
314 
293  
27 6 
26 2 
251  
2 4 1  
233 
226 
236 
229 
224 
219 
214 
21  1 
20 7 
204 
20 2 
1 9  9 
1 9  7 
1 9  5 
1 9  3 
1 9  2 
1 9 0  
18 9 

1040  
862  
7 32 
639 
5 71  
5 21  
483  
454 
4 3 1  
413 
399 
387 
378 
370 
364 
359 
366 
3 61  
357 
354 
352  
349 
347 
346  
344 
34 3 
3 4  2 
3 4 1  
3 4 1  
340 
340 
339 

- 

1 0 3 0  
774 
6 0 5  
49 0 
408 
348  
3 0 3  
269 
241  
220 
20 2 
188 
1 7 6  
1 6 6  
1 5 7  
15 0 
1 6 8  
1 6  0 
1 5 4  
1 4  7 
1 4 2  
1 3 7  
1 3 3  
1 2 9  
1 2 5  
1 2 2  
1 1 9  
1 1 6  
1 1 3  
111 
1 0 9  
1 0 7  

806  
630 
506 
422 
363  
320 
288 
264 
245 
2 31  
219 
209 
201  
1 9  5 
18 9 
1 8 5  

818 
627  
498 
409  
344 
297 
260 
232 
2 1  0 
1 9 2  
1 7  7 
1 6 5  
15 4 
1 4  6 
1 3 8  
1 3 2  
1 3 3  
1 2 8  
1 2 3  
1 1 9  
1 1 5  
1 1 2  
1 0 9  
1 0 6  
1 0 3  
1 0 1  

9 8  
9 6  
94  
9 2  
90 
8 9  

748 
6 0 8  
50 6 
432  
378 
337 
30 5 
280 
259 
24 2 
228 
216 
20 6 
1 9  8 
1 9 0  
1 8 4  
18 5 
18 0 
1 7  5 
1 7 1  
1 6 7  
1 6  3 
1 6 0  
1 5 7  
1 5 4  
1 5 1  
1 4  9 
1 4 6  

1 3 9  
I 

990  
789 
650 
552 
480 
427 
385  
353  
328 
3 08  
291  
277 
266 
256 
248 
2 4 1  
256 
248 
24 2 
236 
231  
227 
223  
220 
21  7 
214 
21  1 
209 
20 7 
205  
20 3 
2 0 1  

966  
78 5 
655  
56 3 
496 
446 
40 6 
375 
350 
330 
3 1  2 
298 
285 
27 5 
265 
257 
257 
250 
244 
239 
2 34 
229 
225 
2 21  
218 
215 
21 2 
209 
20 6 
204 
20 2 
200 
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INCHES 

41  
42 
43  
4 4  
45 

 46 
47 
48 
49 
50 
51  
52  
5 3  
54 
55  
56 
57 
5.8 
59 
60 
6 1  
6 2  
6 3  
64 
6 5  
66 
67 
68  
69  
70 
71  
72  
7 3  
74  
7 5  
76  
77 
78  
79 
80 

1 8 8  
18 7 
18 6 
18 5 
184  
18 3 
1 8 3  
18 2 
1 8 1  
181 
18 0 
1 8 0  
1 7  9 
1 7 9  
1 7 9  
1 7 8  
1 7 8  
1 7 8  
177  
1 7 7  
1 7  7 
1 7 7  
1 7  6 
1 7  6 
1 7  6 
1 7 6  
1 7  6 
1 7  6 
1 7  5 
1 7 5  
1 7  5 
1 7  5 
1 7  5 
1 7 5  
1 7  5 
1 7  5 
1 7  5 
1 7 5  
1 7  5 
1 7 5  

339 
337 
336 
335 
335 
334 
333 
332 
3 31 
331  
330 
3 30 
329 
329 
328 
328 
327 
327 
326 
326 

106  
1 0 5  
104  
1 0 3  
1 0 2  
1 0 1  
1 0 0  

99 
98  
98  
97 
96 
96 
9 5  
9 5  
94 
94 
9 3  
9 3  
9 3  
9 2  
92 
9 2  
9 1  
9 1  
9 1  
90 
90 
90 
90 
8 9  
89 
8 9  
8 9  
8 9  
8 8  
8 8  
88 
8 8  
8 8  

8 9  
88 
8 7  
8 6  
8 6  
8 5  
84 
84 
8 3  
8 3  
8 2  
8 2  
81 
8 1  
8 1  
80 
80  
80 
79 
79 

1 3 8  
137  
1 3 6  
1 3 6  
1 3 5  
1 3 5  
134 
134  
1 3  3 
1 3 3  
1 3  3 
1 3 2  
1 3  2 
1 3  2 
1 3  2 
1 3 1  
1 3 1  
1 3 1  
1 3 1  
1 3 1  
1 3 1  
130  
130 
130 
130 
130 
1 3  0 
130  
130 
130 
130 
130  
1 3  0 
130 
130 
130  
130  
130  
130  
130  

1 9  6 U 1 9 4  1 9  5 

1 9  3 
1 9  2 
1 9 1  
190  
1 8 9  
188 
188 
1 8 7  
1 8 7  
1 8 6  
1 8 5  
1 8 5  
184  
1 8 4  
18 3 
1 8  3 
18 3 
1 8 2  
1 8 2  
1 8  2 
1 8 1  
181 
181 
1 8 0  

199  
1 9 9  
1 9  8 
1 9  8 
1 9 8  
197  
1 9  7 
1 9  7 
1 9  7 
1 9 7  
197  
197  
1 9 7  
1 9  7 
1 9 7  
1 9 7  
197  
1 9 7  
1 9  7 
1 9 7  
1 9  8 
1 9 8  
1 9 8  
1 9  8 
1 9 9  
1 9 9  
1 9 9  
200 
200 
200 

lABOVE THE DASHED LINE, THE ENTIRE BOLE IS INCLUDED I N  THE WEIGHT 
ESTIMATES. BELOW THE DASHED LINE, THE UNMERCHANTABLE T I P  
WEIGHT IS INCLUDED. THE SOLID LINE CIRCUMSCRIBES THE FIELD DATA 
L I M I T S  , EXCLUDING THE UNMERCHANTABLE T I P  . 

2DF = DOUGLAS-FIR; PP = PONDEROSA PINE; WL = WESTERN LARCH; 
LP = LODGEPOLE PINE;  WP = WESTERN WHITE PINE;  WC = WESTERN 
REDCEDAR; WH = WESTERN HEMLOCK; GF = GRAND F I R .  

3OVENDRY WEIGHT. 
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Table 11--Density of wood fo r  se lec ted  western species1 

Species Density 

CON I FERS 

Cedar: 
Western redcedar 
Incense cedar 
Alaska cedar 

Douglas-f i r  : 
Coastal (Washington and Oregon) 
Northern Rocky Mountains 
Southern Rocky Mountains 

F i r :  
Grand f i r  
Ca l i fo rn ia  red f i r  
Noble f i r  
P a c i f i c  s i l v e r  f i r  
White f i r  
Subalpine f i r  

Western hemlock 

Western la rch  

Pine: 
Lodgepole pine 
Ponderosa pine 
Sugar pine 
Western white pine 

Redwood, old-growth 

Spruce : 
Engelmann spruce 
White spruce 
S i t k a  spruce 

HARDWOODS 

Quaking aspen 
Black cottonwood 
Golden ch i n  kap i n  
Tanoak 
Pac i f i c  madrone 
Cal i fo rn ia  black oak 

, 

Pounds per  cubic f e e t  

20.0 
2 3 . 1  
27.5 

30.0 
30.0 
28.7 

23.1  
23.7 
24.3 
26.8 
24.3 
20.0 

28 .1  

32.4 

25.6 
25.0 
22.5 
23.7 

25.0 

21.8 
25.0 
25.0 

23.7 
21.8 
26.2 
41.6 
40.3 
35.6 

lDens i ty  values  for  golden chinkapin from Resch and Huang ( 1965 )  ; fo r  
tanoak, Schniewind ( 1960b )  ; for  Pac i f i c  madrone, Schniewind ( 1960a )  ; 
Cal i forn ia  black oak, Markwardt and Wilson ( 1 9 3 5 ) ;  for  the r e s t ,  USDA 
Forest Products Laboratory ( 1 9 7 4 ) .  
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ACCURACY 

For  a g i v e n  s p e c i e s  and  d . b . h . ,  c rown w e i g h t  per t r e e  v a r i e s  c o n s i d e r -  
a b l y  w i t h i n  i n d i v i d u a l  s t a n d s .  W e  s u s p e c t  t h a t  v a r i a t i o n  i n  crown w e i g h t  
p e r  t r e e  may v a r y  a s  much w i t h i n  s t a n d s  a s  it  d o e s  be tween  major f o r e s t  
r e g i o n s .  Thus ,  r e s i d u e  p r e d i c t i o n s  may be  a b o u t  a s  a c c u r a t e  o u t s i d e  a s  
w i t h i n  t h e  s t u d y  a r e a s .  

A c c u r a c y  o f  p r e d i c t i o n s  c a n  v a r y  c o n s i d e r a b l y ,  d e p e n d i n g  o n  s p e c i e s ,  
s t a n d  c o n d i t i o n s ,  s t a n d  d e n s i t y ,  and  a c c u r a c y  o f  t h e  t i m b e r  s t a n d  
i n v e n t o r y .  S o u r c e s  o f  v a r i a t i o n  i n c l u d e  t h e  e q u a t i o n s  u s e d  f o r  
e s t i m a t i n g  l i v e  crown w e i g h t ,  d e a d  crown w e i g h t ,  u n m e r c h a n t a b l e  t i p  
volume,  a n d  wood d e n s i t y :  estimates o f  d e f e c t  and  b r e a k a g e  f a c t o r s :  and 
a c c u r a c y  o f  t ree  i n v e n t o r y  d a t a . '  The a p p r o x i m a t e  h a l f - w i d t h  of t h e  
6 7- p e r c e n t  c o n f i d e n c e  i n t e r v a l  f o r  l i v e  crown w e i g h t  o f  a n  i n d i v i d u a l  
t r ee  h a v i n g  mean d . b . h .  e x p r e s s e d  as  a p e r c e n t  of t h e  mean crown w e i g h t  
v a l u e  f o r  p o n d e r o s a  p i n e  is 36 p e r c e n t :  w e s t e r n  l a r c h ,  38 p e r c e n t :  
l o d g e p o l e  p i n e  , 2 2  p e r c e n t :  w e s t e r n  w h i t e  p i n e ,  45  p e r c e n t :  w e s t e r n  
r e d c e d a r ,  52 p e r c e n t :  and  g r a n d  f i r ,  57 p e r c e n t .  T h e s e  p e r c e n t a g e s  were 
d e r i v e d  f rom Brown ' s  ( 1 9 7 8 )  d a t a  which  were c o l l e c t e d  i n  w e s t e r n  Montana 
and  n o r t h e r n  I d a h o  and  had a d . b . h .  r a n g e  o f  a p p r o x i m a t e l y  1 . 0  t o  35.0 
i n c h e s .  A s t u d y  by t h e  F o r e s t  R e s i d u e s  Program a t  t h e  P a c i f i c  N o r t h w e s t  
Forest a n d  Range E x p e r i m e n t  S t a t i o n  (see f o o t n o t e  1, p a g e  2 )  showed 
n e g l i g i b l e  d i f f e r e n c e  be tween  coastal  and  i n l a n d  D o u g l a s - f i r  and  coas ta l  
and  i n l a n d  w e s t e r n  hemlock l i v e  crown w e i g h t  when t h i s  r e g r e s s i o n  model  
was u s e d :  

l n ( w )  = a+b l n ( d ) ;  
whe re :  

w = l i v e  crown w e i g h t  ( p o u n d s )  , 
d = diameter b r e a s t  h e i g h t  ( i n c h e s ) ,  and  

a and  b = r e g r e s s i o n  c o e f f i c i e n t s .  

Based o n  t h i s  s t u d y ,  t h e  l i v e  crown w e i g h t s  of trees east and  west o f  t h e  
C a s c a d e  Range were c o n s i d e r e d  t h e  same f o r  p o n d e r o s a  p i n e ,  w e s t e r n  l a r c h ,  
l o d g e p o l e  p i n e ,  w e s t e r n  w h i t e  p i n e ,  w e s t e r n  r e d c e d a r ,  a n d  g r a n d  f i r .  

The D o u g l a s- f i r  and  w e s t e r n  hemlock w e i g h t s  were d e r i v e d  from d a t a  
c o l l e c t e d  f rom b o t h  t h e  east  and  west s i d e s  o f  t h e  C a s c a d e s .  The d.b.h. 
r a n g e  f o r  w e s t e r n  hemlock was a p p r o x i m a t e l y  1 . 0  t o  46.0 i n c h e s  and  for 
Douglas- f  i r  f rom a p p r o x i m a t e l y  1 .0  to  87.0 i n c h e s .  The a p p r o x i m a t e  
h a l f - w i d t h  o f  t h e  6 7- p e r c e n t  c o n f i d e n c e  i n t e r v a l  f o r  t h e  l i v e  crown 
w e i g h t  o f  a n  i n d i v i d u a l  tree h a v i n g  mean d.b.h.  e x p r e s s e d  a s  a p e r c e n t  of 
t h e  mean c rown w e i g h t  v a l u e  is 89 p e r c e n t  f o r  D o u g l a s - f i r  and  68 p e r c e n t  
for w e s t e r n  hemlock.  When w e i g h t  is  p r e d i c t e d  f o r  timber s t a n d s ,  errors 
f o r  i n d i v i d u a l  trees t e n d  to  b a l a n c e  o u t .  Thus ,  estimates f o r  s t a n d  
a v e r a g e s  are  e x p e c t e d  t o  b e  more a c c u r a t e  t h a n  estimates f o r  i n d i v i d u a l  
t rees.  
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A t e s t  t o  v a l i d a t e  p r e d i c t i o n s  was c o n d u c t e d  i n  w e s t e r n  Montana i n  
t h r e e  small  s t a n d s ,  e a c h  d o m i n a t e d  by a s i n g l e  s p e c i e s- - p o n d e r o s a  p i n e ,  
D o u g l a s- f i r ,  or lodgepole p i n e .  Crown w e i g h t s  were p r e d i c t e d  b e f o r e  
c u t t i n g .  A f t e r  c u t t i n g ,  t h e  r e s i d u e  was i n t e n s i v e l y  i n v e n t o r i e d  by t h e  
p l a n a r  i n t e r s e c t  method  (Brown a n d  R o u s s o p o u l o s  1 9 7 4 ) .  For r e s i d u e  l ess  
t h a n  3- i n c h  diameter,  predic ted  w e i g h t s  were less  t h a n  i n v e n t o r i e d  
w e i g h t s  by 15,  22 ,  a n d  37  p e r c e n t  o f  i n v e n t o r i e d  v a l u e s .  F o r  a l l  
r e s i d u e ,  p r e d i c t e d  w e i g h t s  v a r i e d  f r o m  4 p e r c e n t  more t o  1 5  p e r c e n t  l e s s  
t h a n  i n v e n t o r i e d  w e i g h t s .  Some o f  t h e  d i s c r e p a n c i e s  were t r a c e d  t o  
b i a s e s  i n  t h e  t e s t ;  t h u s ,  d i f f e r e n c e s  b e t w e e n  p r e d i c t e d  w e i g h t s  a n d  
a c t u a l  w e i g h t s  s h o u l d  be l e s s  t h a n  i n d i c a t e d  by o u r  t e s t .  

The v a l i d a t i o n  was d o n e  p r io r  t o  s k i d d i n g  of a n y  logs. T h i s  t e s t  was 
a l s o  repeated i n  a t y p i c a l  o l d- g r o w t h  D o u g l a s - f i r  a n d  w e s t e r n  hemlock 
s t a n d  ( i n  t h e  De t ro i t  Range D i s t r i c t ,  Wil lamet te  N a t i o n a l  F o r e s t )  a f t e r  
l o g g i n g .  Down woody ma te r i a l  was i n t e n s i v e l y  i n v e n t o r i e d  p r i o r  t o  
h a r v e s t i n g  a n d  a f t e r  t h e  logs were s k i d d e d .  A h i g h- l e a d  s k i d d e r  was 
u s e d .  B e c a u s e  a p o r t i o n  of t h e  l imbs  was removed f r o m  t h e  a rea  w i t h  t h e  
l o g s  a n d  small  b ranchwood  was c r u s h e d  a n d  b u r i e d  i n  t h e  s o i l  a n d  b e c a u s e  
o f  e r ro r s  i n  b o t h  e s t i m a t i n g  p r o c e d u r e s ,  t h e  r e s i d u e  p r e d i c t i o n  o v e r e s t i -  
m a t e d  by  a f a c t o r  of t h r e e  for  ma te r i a l  l e s s  t h a n  3 i n c h e s  i n  d i a m e t e r .  
T h i s  o n e  t e s t  shows  t h e  i n f l u e n c e  of l o g g i n g  o n  t h e  amount  of r e s i d u e  
l e f t  o n s i t e .  L o c a l  knowledge  a b o u t  a p a r t i c u l a r  sa le  area ,  l o g g e r ,  a n d  
t y p e  of h a r v e s t  c a n  b e  u s e d  t o  a d j u s t  p r e d i c t e d  w e i g h t s .  When r e s i d u e  
est imates f r o m  s t a n d i n g  t rees  a re  u s e d ,  t h e  p r e d i c t i o n s  s h o u l d  b e  
e v a l u a t e d  i n  r e l a t i v e  terms. Compare a reas  a n d  f i n d  o u t  w h i c h  o n e s  a re  
g o i n g  t o  create  t h e  l e a s t  r e s i d u e  a n d  t h e  most, a n d  r a n k  t h e  o t h e r  a r eas  
b e t w e e n  them. The areas  w i t h  t h e  most p o t e n t i a l  r e s i d u e  s h o u l d  t h e n  be 
s t u d i e d  more c a r e f u l y  t o  a s s u r e  proper management .  If f i r e  a s s e s s m e n t  i s  
made from est imates of r e s i d u e  f r o m  s t a n d i n g  t r ees ,  t h e  f i r e  parameters 
s h o u l d  a l s o  b e  v iewed  o n  a r e l a t i v e  b a s i s .  

T h i s  handbook  i s  t o  be u s e d  w e s t  of t h e  summi t  o f  t h e  C a s c a d e  Range. 
T a b l e s  3 a n d  8 of t h i s  handbook  c o r r e s p o n d  t o  t a b l e s  3 a n d  7 o f  t h e  Brown 
e t  a l .  ( 1 9 7 7 )  handbook;  i f  t h e  t a b l e s  i n  t h e s e  h a n d b o o k s  are c o m p a r e d ,  
n o t i c e a b l e  d i f f e r e n c e  i n  w e i g h t s  w i l l  be f o u n d  for  a g i v e n  d .b .h .  and  
species. F o r  e x a m p l e ,  smal l  t rees  i n  t h i s  handbook  are h e a v i e r  t h a n  
t h o s e  i n  Brown e t  a l .  ( 1 9 7 7 ) ,  a n d  l a r g e  t rees  l i g h t e r .  T h e s e  d i f f e r e n c e s  
i n  w e i g h t s  are c a u s e d  by (1) a p a r a d o x i c a l  r e l a t i o n s h i p  b e t w e e n  d i f f e r e n t  
r e g r e s s i o n  f u n c t i o n s  u s e d  to  o b t a i n  b o l e  w e i g h t  f o r  smal l  t r ees ,  ( 2 )  d i f -  
f e r e n t  h e i g h t  f u n c t i o n s  u s e d  i n  vo lume- to- weigh t  c a l c u l a t i o n s ,  a n d  ( 3 )  s i g n i -  
f i c a n t  d i f f e r e n c e s  i n  w e i g h t  o f  d e a d  b r a n c h e s  b e t w e e n  l a r g e  coas ta l  a n d  
i n l a n d  trees.  

I r r e q u l a r i t i e s  a r e  f o u n d  i n  t h e  a s c e n d i n g  f l o w  of w e i g h t s  i n  t h e  
e n c l o s e d  t a b l e s ,  e s p e c i a l l y  f r o m  o n e  s i d e  of t h e  d a s h e d  l i n e  t o  t h e  
o t h e r .  T h e s e  i r r e g u l a r i t i e s  a r e  c a u s e d  by (1) c h a n g i n g  r e g r e s s i o n  
f u n c t i o n s ,  ( 2 )  a r a p i d  loss o f  u n m e r c h a n t a b l e  t i p  w e i g h t  a s  d . b . h .  
i n c r e a s e s  r e l a t i v e  t o  t h e  r a t e  o f  i n c r e a s e  f o r  branchwood w e i g h t ,  ( 3 )  
c h a n g i n g  f r o m  e s t i m a t i n g  e n t i r e  b o l e  w e i g h t s  p l u s  c rown a b o v e  t h e  d a s h e d  
l i n e  t o  e s t i m a t i n g  j u s t  u n m e r c h a n t a b l e  t i p  w e i g h t s  p l u s  c rown below t h e  
d a s h e d  l i n e ,  and  ( 4 )  i n h e r e n t  d a t a  v a r i a t i o n  a n d  s a m p l i n g  e r r o r .  

34 



The n o t i c e a b l e  d i f f e r e n c e  i n  p r e d i c t e d  w e i g h t s  for  small trees be tween  
t h i s  handbook a n d  t h o s e  o f  Brown e t  a l .  (1977)  and  t h e  i r r e g u l a r i t i e s  
s u p p o r t  t h e  t h e s i s  t h a t  predicted crown w e i g h t s  s h o u l d  be u s e d  o n  a 
r e l a t i v e  bas is ,  n o t  a n  a b s o l u t e  b a s i s .  

Land m a n a g e r s  s h o u l d  be aware t h a t  a n o t i c e a b l e  d i f f e r e n c e  may b e  f o u n d  
b e t w e e n  p r e d i c t e d  a n d  a c t u a l  l o a d i n g s .  The  major c a u s e s  o f  t h e s e  
d i f f e r e n c e s  are:  (1) some l imbs a n d  u n m e r c h a n t a b l e  t i p s  are h a u l e d  o u t  of 
t h e  c u t t i n g  u n i t ;  ( 2 )  small t w i g s  a n d  f o l i a g e  are b u r i e d  i n  t h e  s o i l ;  ( 3 )  
number of t rees  a c t u a l l y  c u t  a n d  trampled may b e  d i f f e r e n t  t h a n  
p r e d i c t e d ;  ( 4 )  c u l l  a n d  b r e a k a g e  l e f t  o n s i t e  are d i f f i c u l t  t o  p r e d i c t ;  
a n d  (5 )  b e c a u s e  o f  local e n v i r o n m e n t a l  c o n d i t i o n s ,  trees f rom a g i v e n  
s i t e  may h a v e  n o t i c e a b l y  d i f f e r e n t  c rown w e i g h t s  t h a n  trees sampled t o  
d e r i v e  t h e  e n c l o s e d  w e i g h t  t a b l e s .  Users of r e s i d u e  p r e d i c t i o n s  s h o u l d  
n o t  become d i s c o u r a g e d  by t h e s e  d i s c r e p a n c i e s  b e t w e e n  p r e d i c t e d  a n d  
a c t u a l  r e s i d u e  l o a d i n g s  ; by i n v e n t o r y i n g  p o s t h a r v e s t  down woody ma te r i a l  
(Brown 1 9 7 4 ,  Maxwel l  a n d  Ward 1 9 7 6 ) ,  f a c t o r s  may be o b t a i n e d  t h a t  can be 
u s e d  t o  a d j u s t  f u t u r e  p r e d i c t i o n s .  By f o l l o w i n g  t h i s  p r o c e d u r e  land 
m a n a g e r s  w i l l  s o o n  d e v e l o p  c o n f i d e n c e  i n  t h e i r  p r e d i c t i o n s ,  

FUEL APPRAISAL 

A p p r a i s i n g  p o t e n t i a l  f i r e  b e h a v i o r  o f  f u e l s  is  o f t e n  termed f u e l  
app ra i sa l  a n d  is t h e  process o f  d e s c r i b i n g  f u e l  c h a r a c t e r i s t i c s ,  s u c h  a s  
q u a n t i t y  a n d  s i z e ,  a n d  i n t e r p r e t i n g  t h e  f u e l  i n  terms of f i r e  b e h a v i o r ;  
for. e x a m p l e ,  r a te  of spread,  f i r e l i n e  i n t e n s i t y ,  a n d  flame l e n g t h ,  Thus ,  
t h e  a p p r a i s a l  process at tempts t o  a n s w e r  the  question: What is the  expected 
f i r e  b e h a v i o r  f o r  d i f f e r e n t  f u e l s ,  g i v e n  s t e e p n e s s  o f  slope a n d  w e a t h e r  
c o n d i t i o n s ?  The q u e s t i o n  i s  d i f f i c u l t  t o  a n s w e r ,  p a r t l y  because t h e  
a n s w e r  i s  made u p  of d i f f e r e n t  e l e m e n t s  o f  f i r e  b e h a v i o r  (Ander son  1974)  : 
r a t e  o f  s p r e a d ,  i n t e n s i t y ,  c r o w n i n g  p o t e n t i a l ,  s p o t t i n g  p o t e n t i a l ,  a n d  
d u r a t i o n  of h e a t .  One or more o f  t h e s e  e l e m e n t s  may h a v e  t o  b e  a p p r a i s e d  
when a spec i f ic  f u e l  management s i t u a t i o n  is b e i n g  e v a l u a t e d .  

P o t e n t i a l  f i r e  b e h a v i o r  o f  downed woody d e b r i s  c a n  be a p p r a i s e d  by 
m a t h e m a t i c a l  m o d e l i n g  a n d  e x p e r i e n c e d  j u d g m e n t ,  M a t h e m a t i c a l  m o d e l i n g  o f  
r a t e  of spread ,  f i r e l i n e  i n t e n s i t y ,  a n d  f l a m e  l e n g t h ,  f o r  e x a m p l e ,  o f f e r s  
t h e  most o b j e c t i v e  means  of a p p r a i s i n g  p o t e n t i a l  f i r e  b e h a v i o r .  T h i s  
a p p r o a c h  may n o t  be r e a d i l y  a v a i l a b l e  t o  some l a n d  manager s ,  however .  
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E x p e r i e n c e d  judgmen t  i s  a n  i m p o r t a n t  means  o f  a p p r a i s i n g  f u e l s  b e c a u s e  
a n  e x p e r i e n c e d  p e r s o n  c a n  i n t e g r a t e  many f a c t o r s  t h a t  e l u d e  q u a n t i f i c a -  
t i o n .  Even when more s o p h i s t i c a t e d  m e t h o d s  are a v a i l a b l e ,  j u d g m e n t  is 
s t i l l  i m p o r t a n t .  One way o f  u s i n g  e x p e r i e n c e d  judgmen t  is to  e s t a b l i s h  a 
r e f e r e n c e  ( t o n s  per acre) t h a n  c a n  b e  u s e d  t o  compare w i t h  o t h e r  f u e l  
l o a d i n g s .  The r e f e r e n c e  l o a d i n g  s h o u l d  r e p r e s e n t  f u e l s  f o r  wh ich  a 
c o n s e n s u s  o f  l a n d  m a n a g e r s  e x p e r i e n c e d  i n  c o n t r o l  o f  f i r e  d e t e r m i n e s  t h e  
r a t i n g .  R a t i n g s ,  f o r  e x a m p l e ,  m i g h t  b e  f o r  l o w ,  medium, or h i g h  f i r e  
i n t e n s i t y  p o t e n t i a l ,  o r  e i t h e r  a c c e p t a b l e  or u n a c c e p t a b l e  r e g a r d i n g  t h e  
a b i l i t y  o f  a n  i n i t i a l  a t t a c k  crew t o  g a i n  c o n t r o l .  A f t e r  a r e f e r e n c e  
l o a d i n g  is set ,  f u e l s  a re  appraised o n  a r e l a t i v e  bas is .  F o r  e x a m p l e ,  
f o r  ma te r i a l  less  t h a n  3 i n c h e s  i n  d i a m e t e r ,  i f  a l o a d i n g  o f  1 0  t o n s  per 
acre is e s t a b l i s h e d  as  a r e f e r e n c e ,  t h e n  a l o a d i n g  o f  20 t o n s  per a c r e  
would  e x h i b i t  a p p r o x i m a t e l y  twice t h e  p o t e n t i a l  f i r e  b e h a v i o r .  

How Much F u e l  Is A c c e p t a b l e ?  

F i re  m a n a g e r s  commonly w a n t  t o  know t h e  t o n n a g e s  o f  f u e l  t h a t  a re  
a c c e p t a b l e ;  f o r  e x a m p l e ,  t o  m i n i m i z e  p o t e n t i a l  f i r e  d a n g e r .  T h i s  
q u e s t i o n  i s  d i f f i c u l t  t o  a n s w e r  b e c a u s e  f i r e  b e h a v i o r  d e p e n d s  n o t  o n l y  o n  
f i r e  p o t e n t i a l  a t  o n e  location bu t  a lso on other fac tors ,  such as distri- 
b u t i o n  o f  f u e l s  a n d  f i r e  b e h a v i o r  p o t e n t i a l  o v e r  s u r r o u n d i n g  areas  t h a t  
may cover o n e  or more d r a i n a g e s .  A c c e p t a b l e  f u e l  l o a d i n g  d e p e n d s  o n  
r e s o u r c e  v a l u e s ,  management o b j e c t i v e s  f o r  t h e  l a n d ,  p a t t e r n  of l a n d  
o w n e r s h i p ,  a n d  s u p p r e s s i o n  c a p a b i l i t y .  I n  some s t a n d s ,  a c c e p t a b l e  
l o a d i n g  d e p e n d s  o n  r e s i s t a n c e  of trees t o  c rown  s c o r c h  a n d  cambium k i l l .  
P r o f e s s i o n a l  j u d g m e n t  is n e e d e d  t o  d e t e r m i n e  acceptable f u e l  t o n n a g e s .  

D e c i s i o n  steps.--To d e c i d e  how much f u e l  is  a c c e p t a b l e  requires i n t e g r a -  
t i o n  o f  many f a c t o r s  ( f i g .  3 ) .  T h i s  c a n  b e  d o n e  s y s t e m a t i c a l l y  a s  
f o l l o w s  : 

1. C o n s i d e r  management o b j e c t i v e s  a n d  v a l u e s  a t  r i s k .  For t h e  l a t t e r ,  
r e s o u r c e  v a l u e s  a n d  r i s k  o f  f i r e s  c a u s i n g  damage d u r i n g  a per iod  of 
h i g h  f i r e  d a n g e r  a re  j o i n t l y  c o n s i d e r e d .  

2. Appraise f u e l s  by ( a )  d e s c r i b i n g  f u e l s  f rom i n v e n t o r y  a n d  predic-  
t i o n ;  a n d  ( b )  i n t e r p r e t i n g  f i r e  b e h a v i o r  p o t e n t i a l ,  s u c h  a s  r a t e  of 
s p r e a d ,  flame l e n g t h ,  i n t e n s i t y ,  a n d  s c o r c h  h e i g h t .  

3 .  C o n s i d e r  o t h e r  f i r e - r e l a t e d  f a c t o r s ,  s u c h  a s  f u e l  and  p o t e n t i a l  
f i r e  b e h a v i o r  o n  a d j o i n i n g  areas, s u p p r e s s i o n  c a p a b i l i t y ,  f r e q u e n c y  a n d  
s e v e r i t y  o f  h i s t o r i c a l  f i r e s ,  a n d  f i r e ' s  e c o l o g i c a l  role. 

A c c e p t a b l e  f u e l  l o a d i n g s  c a n  d e p e n d  to  a h i g h  d e g r e e  o n  f a c t o r s  i n  
i t e m  3 .  For example ,  a h e a v i e r  f u e l  l o a d i n g  would b e  more a c c e p t a b l e  o n  
a u n i t  s u r r o u n d e d  by sparse f u e l s  w i t h  l i t t l e  c h a n c e  o f  i g n i t i o n  t h a n  o n  
a u n i t  s u r r o u n d e d  by heavy  f u e l s  w i t h  a h i g h  c h a n c e  o f  i g n i t i o n .  
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1 FUEL APPRAISAL 1 
FIRE 

DESCRIPTION POTENTIAL 

V 
MANAGEMENT 

OBJECTIVES 
1 I 1 

OTHER FIRE FACTORS I 
SUR ROUNDING FUELS 
SUPPRESSION CAPABILITY 
FIRE HISTORY 
F IRE'S  ROLE 

F i g u r e  3 .- - Factors  t o  c o n s i d e r  
when d e c i d i n g  h o w  much f u e l  
is a c c e p t a b l e .  

F u e l  l o a d i n q  s t anda rds .- - No s i n g l e  f u e l  l o a d i n g  may be acceptable for a 
large a d m i n i s t r a t i v e  area. H e r e i n  l i e s  t h e  dilemma of s e t t i n g  f u e l  
s t a n d a r d s .  E s t a b l i s h i n g  s t a n d a r d s  would  permit t h e  s e t t i n g  of c lear  
o b j e c t i v e s  for management o f  r e s i d u e  a n d  provide benchmarks  w i t h  w h i c h  to  
m e a s u r e  a c c o m p l i s h m e n t s ;  however ,  s t a n d a r d s  c o u l d  e a s i l y  c i r c u m v e n t  
p r o f e s s i o n a l  j u d g m e n t  for d e t e r m i n i n g  t h e  maximum acceptable l e v e l  of 
f u e l  f o r  specific s i tes .  One a p p r o a c h  to  d e t e r m i n i n g  acceptable f u e l  
l eve l s  i s  t o  d e v e l o p  d i f f e r en t  s t a n d a r d s  for a n d  e v a l u a t e  e a c h  major 
d e c i s i o n  for  c i r c u m s t a n c e s  ( f i g .  3)  e n c o u n t e r e d  o n  a l a r g e  a d m i n i s t r a t i v e  
u n i t .  

Even i f  f u e l  s t a n d a r d s  are set ,  t h e  f i n a l  d e c i s i o n  o n  how much r e s i d u e  
. is acceptable s h o u l d  be c o o r d i n a t e d  among l a n d  management i n t e r e s t s  and  

t h e i r  objectives . 
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APPEN D IX 

The s o u r c e s  o f  t h e  v a r i o u s  f u n c t i o n s  u s e d  i n  m a k i n g  t h e  w e i g h t  
est imates came f r o m  several i n v e s t i g a t o r s .  Fo r  l i v e  branchwood ( i n c l u d i n g  
f o l i a g e )  w e i g h t  o f  D o u g l a s - f i r  and western hemlock., equat ions d e v e l o p e d  
by t h e  F o r e s t  R e s i d u e s  P rogram a t  t h e  P a c i f i c  Northwest Forest and Range 
E x p e r i m e n t  S t a t i o n  were u s e d . l  H e r e a f t e r ,  t h e s e  t w o  species w i l l  be 
r e f e r r e d  t o  as  t h e  coastal  species. F o r  a l l  o t h e r  species, Brown ' s  
( 1978 )  l i v e  branchwood ( i n c l u d i n g  f o l i a g e )  w e i g h t  e q u a t i o n s  are u s e d  f o r  
up t o  4 0- i n c h  d.b.h.  A t  40- inch  d .b .h . ,  a r a t i o  was c o n s t r u c t e d  be tween  
t h e  w e i g h t  o f  e a c h  species (except w e s t e r n  hemlock)  and t h e  w e i g h t  o f  
coas ta l  D o u g l a s - f i r .  

S P P i  . R i  , 
DF 

where:  

R i  = r a t i o  o f  i n l a n d  species w e i g h t  to  coastal  
Douglas- f  i r  w e i g h t ;  

Sppi = species w e i g h t  a t  40- inch  d .b .h . ,  

DF = coast D o u g l a s- f i r  l i v e  b r a n c h  w e i g h t  a t  40- inch  d .b .h . ;  a n d  

i = 1, . . . ,5  species. 

The r a t i o s  are  shown i n  t ab le  12 .  

T a b l e  1 2 - - R a t i o s  u s e d  t o  estimate t h e  w e i g h t  o f  
species above 40- inch  d .  b. h . l  

Species R a t  io Range i n  d .b .h .  

P o n d e r o s a  p i n e  
Western l a r c h  
Wes te rn '  w h i t e  p ine  
W e s t e r n  r e d c e d a r  
Grand f i r  

. ,  

1 . 9 5  . 54 . 4 5  . 72 

41-60 
41-60 
41-60 
41-80 . 99 41-70 

1Coastal Douglas- f  i r  is t h e  b a s e  species. 

lPredicting crown weight of Pacific Northwest Douglas-f ir and western hemlock. Unpub- 
lished data on file at Pacific Northwest Forest and Range Experiment Station, Portland, 
Oregon. 
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Weight  of coas ta l  D o u g l a s- f i r  b e t w e e n  41-  a n d  8 0- i n c h  d . b . h .  was t h e n  
m u l t i p l i e d  by e a c h  r a t i o  fo r  p r e l i m i n a r y  est imates for  e a c h  species. 
U n t i l  more d a t a  become a v a i l a b l e ,  t h i s  a p p r o a c h  s h o u l d  g i v e  r e a s o n a b l e  
estimates. 

For e s t i m a t i n g  w e i g h t  o f  d e a d  branchwood o f  c o a s t a l  D o u g l a s - f i r ,  t h e  
e q u a t i o n  (see f o o t n o t e  1 a n d  t a b l e  1 3 )  is u s e d  o v e r  t h e  e n t i r e  d . b . h .  
r a n g e  (1- t o  8 0- i n c h  d . b . h . )  of t h e  e n c l o s e d  t a b l e s .  For  e s t i m a t i n g  d e a d  
b ranchwood  of o t h e r  spec ies ,  Brown ' s  ( 1 9 7 8 )  f u n c t i o n s  were a d j u s t e d  a n d  
u s e d .  The a d j u s t m e n t  was a r a t i o  b e t w e e n  B r o w n ' s  ( 1 9 7 8 )  D o u g l a s - f i r  d e a d  
w e i g h t  a n d  e a c h  o f  h i s  o t h e r  species. S i n c e  t h i s  r a t i o  was n o t  c o n s t a n t  
o v e r  B r o w n ' s  ( 1 9 7 8 )  d a t a ,  s e v e r a l  r a t i o s  c o v e r i n g  e a c h  spec ies  d . b . h .  
r a n g e  were c a l c u l a t e d .  The r a t i o s  were t h e n  r e g r e s s e d  o n  d . b . h .  f o r  e a c h  
species. T h e s e  r e g r e s s i o n  f u n c t i o n s  were t h e n  m u l t i p l i e d  by t h e  c o a s t a l  
Douglas- f  i r  d e a d  b ranchwood  w e i g h t  (DFDW) f u n c t i o n  f o r  a p r e d i c t i o n  of 
d e a d  branchwood w e i g h t .  The r e g r e s s i o n  f u n c t i o n s  f o r  a d j u s t m e n t  r a t i o s  
m u l t i p l i e d  by t h e  DFDW a r e  shown i n  t a b l e  13 .  Beyond B r o w n ' s  ( 1978 )  
d a t a ,  t h e  f u n c t i o n s  f l a t t e n e d  and  were c o n s i d e r e d  r e a s o n a b l e  t o  u s e  up t o  
t h e  d . b . h .  shown i n  t h e  t a b l e s  f o r  e a c h  species. 

T a b l e  1 3 - - R a t i o s  used t o  a d j u s t  B r o w n ' s  ( 1 9 7 8 )  i n l a n d  d e a d  
branchwood f u n c t i o n s  t o  represent t h e  d e a d  branchwood 
for e a c h  coas ta l  species 

Species Funct ion 1  

C o a s t a l  D o u g l a s- f i r  d e a d  w e i g h t  DFDW = 2 2 . 4 6  + 0.001OX + 0.2425Y 
9.8 3 if d <9.8 

x =  d3 i f  d >9.8 

d 2  - 9.8' i f  d <c9.8 
0 i f  d 79.8 Y =  

P o n d e r o s a  p i n e  

W e s t e r n  l a r c h  

L o d g e p o l e  p i n e  

W e s t e r n  w h i t e  p i n e  

W e s t e r n  r e d c e d a r  

W e s t e r n  hemlock  

Grand  f i r  

DW = ( 2 . 1 1  - 0.255 ln d)  (DFDW) 

DW = 0 

DW = (1 .927  - 1.839d-1.5567) (DFDW) 

DW = ( 0 . 9 9 2  - 0 . 2 1 1  l n  d )  (DFDW) 

DW = ( 0 . 9 7 )  (CDFDW) 

DW = ( 0 . 0 7 1  + 0.094 l n  d )  (DFDW) 

DW = ( 0 . 2 5 3  + 0 . 6 3 1  l n  d )  (DFDW) 

lDFDW = coas ta l  D o u g l a s- f i r  d e a d  branchwood w e i g h t ;  d = d.b.h .  i n  
i n c h e s ;  DW = dead branchwood w e i g h t .  
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E n t i r e  b o l e  w e i g h t s  are e s t i m a t e d  f o r  t rees  l i s t e d  a b o v e  t h e  d a s h e d  
l i n e  i n  t h e  t a b l e s .  The boles were e s t i m a t e d  by F a u r o t ' s  (1977)  t o t a l  
c u b i c - f o o t  volume e q u a t i o n s  a n d  c o n v e r t i n g  them to  w e i g h t  by m u l t i p l y i n g  
by t h e  wood d e n s i t y  o f  t h e  appropriate species. F a u r o t  (1977)  s t u d i e d  
p o n d e r o s a  p i n e ,  l o d g e p o l e  p i n e ,  w e s t e r n  l a r c h ,  a n d  D o u g l a s- f i r .  F o r  
o t h e r  species, t h e  D o u g l a s - f i r  f u n c t i o n  was u s e d .  

U n m e r c h a n t a b l e  t i p  w e i g h t s  f o r  t rees be tween  6- a n d  24- inch d.b.h.  were 
c a l c u l a t e d  f r o m  F a u r o t ' s  (1977)  e q u a t i o n s  for t h e  u n m e r c h a n t a b l e  t i p .  
F a u r o t ' s  (1977)  e q u a t i o n s  f o r  volume o f  u n m e r c h a n t a b l e  t i p s  a n d  boles 
r e q u i r e d  d .  b. h. a n d  h e i g h t  a s  i n d e p e n d e n t  v a r i a b l e s .  F o r  c o n s t r u c t i n g  
t h e  tables ,  h e i g h t  was e s t i m a t e d .  F o r  trees less  t h a n  8- inch  d .b .h . ,  
h e i g h t  e q u a t i o n s  by Brown e t  a l .  (1977)  were u s e d ;  for t rees  a b o v e  
8- i n c h  d . b . h . ,  t h e  e q u a t i o n s  i n  t ab le  1 4  were u s e d .  Data f r o m  
Har tman2 a n d  Woodf in3  were u s e d  t o  d e v e l o p  t h e  e q u a t i o n s  i n  t a b l e  14. 

 

T a b l e  14--Height  e q u a t i o n s  f o r  e s t i m a t i n g  t ree  h e i g h t  ( f e e t )  
f o r  t rees  l a r g e r  t h a n  8- i n c h  d .b .h .  

(Model:  h e i g h t  = a + b ( d . b . h . ) c )  

Range 
S p e c i e s  R e g r e s s i o n  c o e f f i c i e n t s  S t a n d a r d  Obse rva-  i n  

t i o n s  a  b e r r o r  d. b. h. 

Douglas- f  i r1  
Douglas- f  i r 2  
Grand f i r  
S h a s t a  f i r  
S i l v e r  f i r  
W h i t e  f i r  
P o n d e r o s a  p i n e  
S u g a r  p i n e  
Western hemlock 
I n c  e nse- ced  a r 
I n c e n s e- c e d a r  
Po r t -0 r f o r d- ceda  r 
W e s t e r n  r e d c e d a r   

- 30.3241 50.0770 
- 331.673 306.57'4 

454.834 - 699.662 
342.965 - 696.633 

31.4377 8.9200 
39.2434 6.1657 

60.6938 3.9472 
261. 338 - 458.831 

1295.92 - 1379.27 
4645.09 - 4728.41 
3595.10 - 3657.50 
1153 .17  - 1266.09 
- 301.283 269.106 

0 .3991  
0 . 1 3 4 6  

-0 . 2649 
- 0.3772 

0 .7603 
0.8414 

- 0.4008 
-0 .8756 
- 0.0577 
- 0.0162 
- 0.0174 
- 0.0751 

0.1427 

F e e t  

1 7 . 4 9  
25.07 
1 4  . 60 
'11.36 
14 .60  
1 0 . 5 7  
1 4 . 9 0  
1 1 . 0 2  
1 6 . 3  
1 6 . 2  
1 4 . 7  
1 4 . 6  
1 3 . 5  

506 
729 

20 
6 3  
39 

1 5 1  
23  
28 

355 
45 

3 7 1  
3'9 
7 1  

I n c h e s  

7-9 3 
10-90 
10-37 
12- 53 

7-28 
7-4 7 

10- 40 
10-65 

7-52 
12-60 
10-58 
10-67 
10-48 8 

 . I  

lData f r o m  w e s t e r n  Oregon.  
2Data f r o m ' w e s t e r n  Wash ing ton .  

2Hartman, George. U . S .  Department of the Inter ior ,  Bureau of Land Management, Oregon: ' 

State Office, Portland, Branch of Forestry, Research and Biometrics Section. 

3Woodf i n ,  Richard O . ,  USDA Forest Service? Pacific Northwest Forest and Range 
Experiment Station, Portland, Oreqon. 
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Beyond 24- inch d . b . h . ,  w h i c h  c o r r e s p o n d s  t o  t h e  e n d  of F a u r o t ' s  ( 1977 )  
d a t a ,  a g e o m e t r i c  a p p r o a c h  was u s e d  t o  estimate w e i g h t  o f  t h e  unmerchan t-  
able  t i p .  The f o r m u l a  u s e d  t o  est imate l e n g t h  of t h e  u n m e r c h a n t a b l e  t i p  
for  la rge  t rees  i s  shown below.4. 

D L' ( 1- A )  ; 
T =  1 - DA 

where  : 

T = t i p  l e n g t h  ( f t ) ,  

D = DIBt , 
DIB 16 

DIBt = m e r c h a n t a b l e  top diameter i n s i d e  bark ( i n )  , 

DIB16= ( G i r a r d  fo rm c l a s s )5  *DBH, 

DBH = diameter breas t  h e i g h t  ( i n ) ,  a n d  
A = v a l u e s  u s e d  t o  a d j u s t  t r ee  taper  by species a n d  

d.b.h.  The v a l u e s  u s e d  were d e v e l o p e d  by Har tman 
(see f o o t n o t e  2 )  a n d  are  shown i n  t ab le  15. 

L'= T o t a l  h e i g h t  - 1 6  f e e t  for  b u t t  l o g .  

T a b l e  15--"A" v a l u e s  u s e d  t o  estimate w e i g h t s  of 
u n m e r c h a n t a b l e  t i p s  for t rees  g rea te r  t h a n  
24- inch  d .  b. h. 

S p e c i e s  " A "  c o n s t a n t s 1  

P o n d e r o s a  p i n e  a n d  Douglas-f i r  

Grand f i r ,  w e s t e r n  hemlock,  
and  w e s t e r n  w h i t e  p i n e  

A l l  o t h e r  species 

A = 0 .615  - 0.00225 * d 

A = 0.558 - 0 .00225  * d 

A = 0 . 4 5 1  

1d = d.b.h.  i n  i n c h e s .  

4Rearrangement o f  t h e  hyperbola  formula  a s  de f ined  by Behre ( 1 9 2 7 ) .  

5For ou r  t a b l e s ,  a G i ra rd  form c lass  o f  0 . 7 2  was used. 
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The t i p  l e n g t h  was t h e n  p u t  into a paraboloid formula and multiplied by 
d e n s i t y  t o  c h a n g e  volume to  w e i g h t :  

'TW = ( '  dt  T, ( D E N ) ;  

where  : 
TW = t i p  w e i g h t  ( l b ) ,  

d = m e r c h a n t a b l e  top diameter i n s i d e  bark ( f t ) ;  and 
3 DEN = wood d e n s i t y  o f  species ( l b / f t  ) .  

4 3  



Beyond 24- inch d . b . h . ,  w h i c h  c o r r e s p o n d s  t o  t h e  e n d  of F a u r o t ' s  ( 1977 )  
d a t a ,  a g e o m e t r i c  a p p r o a c h  was u s e d  t o  estimate w e i g h t  o f  t h e  unmerchan t-  
able  t i p .  The f o r m u l a  u s e d  t o  est imate l e n g t h  of t h e  u n m e r c h a n t a b l e  t i p  
for  la rge  t rees  i s  shown below.4. 

D L' ( 1- A )  ; 
T =  1 - DA 

where  : 

T = t i p  l e n g t h  ( f t ) ,  

D = DIBt , 
DIB 16 

DIBt = m e r c h a n t a b l e  top diameter i n s i d e  bark ( i n )  , 

DIB16= ( G i r a r d  fo rm c l a s s )5  *DBH, 

DBH = diameter breas t  h e i g h t  ( i n ) ,  a n d  
A = v a l u e s  u s e d  t o  a d j u s t  t r ee  taper  by species a n d  

d.b.h.  The v a l u e s  u s e d  were d e v e l o p e d  by Har tman 
(see f o o t n o t e  2 )  a n d  are  shown i n  t ab le  15. 

L'= T o t a l  h e i g h t  - 1 6  f e e t  for  b u t t  l o g .  

T a b l e  15--"A" v a l u e s  u s e d  t o  estimate w e i g h t s  of 
u n m e r c h a n t a b l e  t i p s  for t rees  g rea te r  t h a n  
24- inch  d .  b. h. 

S p e c i e s  I A "  c o n s t a n t s 1  

P o n d e r o s a  p i n e  a n d  Douglas-f i r  

Grand f i r ,  w e s t e r n  hemlock,  
and  w e s t e r n  w h i t e  p i n e  

A l l  o t h e r  species 

A = 0 .615  - 0.00225 * d 

A = 0.558 - 0 .00225  * d 

A = 0 . 4 5 1  

1d = d.b.h.  i n  i n c h e s .  

4Rearrangement o f  t h e  hyperbola  formula  a s  de f ined  by Behre ( 1 9 2 7 ) .  

5For ou r  t a b l e s ,  a G i ra rd  form c lass  o f  0 . 7 2  was used. 
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The mission of the PACI FIC NORTHWEST FOREST AND 
RANGE EXPERIMENT STATION i s  to provide the knowl- 
edge, technology, and alternatives for present and future 
protection, 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 
Corvallis, Oregon 

La Grande, Oregon 
Portland, Oregon 
Olympia, Washington 
Seatt le, Washington 
Wenatchee, Washington 

Mailing address: Pacific Northwest Forest and Range 
Experiment Stat ion 

809 N.E. 6th Ave. 
Portland, Oregon 97232 



The FOREST SERVl iculture i s  dedicated 
to the principle of m n's forest resources 
for sustained yields e, and recreation. 
Through forestry res 
owners, and manage 
strives - as directe y greater service to 
a growing Nation. 

The U.S. Departmen portunity Employer. 
Applicants for all Dep en equal consideration 
without regard to a 
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