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lntroduc tion 

Data 

A s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  commercial t r u e  f i r  sawtimber 
volume i n  t h e  West i s  i n  young-growth trees.  A s  t h e  old-growth 
t imber  i s  removed, young growth becomes more impor tan t  as  a r a w  
material  base  f o r  t h e  t imber  i n d u s t r y .  Log g r a d e s  developed 
f o r  old-growth t imber  do  n o t  a d e q u a t e l y  p r e d i c t  t h e  volume o r  
v a l u e  of t h e  young growth.  T h e r e f o r e ,  a new system u s i n g  
p r e d i c t i o n  e q u a t i o n s  t o  estimate volume and v a l u e  o f  young- 
growth t r u e  f i r s  was developed.  T h i s  paper  e x p l a i n s  how t h i s  
system can  be used t o  p r e d i c t  t h e  volume and v a l u e  of  lumber i n  
s t a n d i n g  young-growth t r u e  f i r  trees. These e q u a t i o n s  were 
developed from d a t a  on  r e d  f i r  (Abies  magni f i ca  A. Murr.)  and 
w h i t e  f i r  (Abies conco lor  (Gord & Glend.)  L i n d l .  e x  H i l d b r . )  i n  
Oregon and C a l i f o r n i a  and on grand f i r  (Abies  g r a n d i s  (Dougl. 
e x  D .  Don) L i n d l . ) ,  i n  Idaho. Accuracy tests  on  a sample of 
94 t rees  showed t h a t  p r e d i c t e d  volumes and v a l u e s  were o n l y  
0.9 p e r c e n t  from a c t u a l  volumes and 1 .0  p e r c e n t  from a c t u a l  
v a l u e s  ( E r n s t  1982) .  

The d a t a  used t o  deve lop  t h e s e  e q u a t i o n s  were c o l l e c t e d  i n  
s t u d i e s  conducted by t h e  Timber Q u a l i t y  Research P r o j e c 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 ,  U.S. 
Department o f  A g r i c u l t u r e ,  F o r e s t  S e r v i c e ,  P o r t l a n d ,  Oregon. 
Trees were s e l e c t e d  from N a t i o n a l  F o r e s t s  and U.S. Department 
o f  t h e  I n t e r i o r  Bureau o f  Land Management (BLM) l a n d s  i n  
s o u t h e r n  Oregon, n o r t h e r n  C a l i f o r n i a ,  and Idaho ( f i g .  1). The 
sample w a s  s e l e c t e d  from even-aged s t a n d s  less t h a n  140  y e a r s  
o l d  and s t r a t i f i e d  by d iamete r  a t  b r e a s t  h e i g h t  (d .b .h . )  and 
p resence  o r  absence  o f  d e f e c t  . D.b. h. , t o t a l  h e i g h t ,  and crown 
c lass  i n f o r m a t i o n  were recorded ,  and t h e  f i r s t  1 6  f e e t  of  each  
tree was diagramed ( Jackson  and o t h e r s .  1963,  Pong and Jackson 
1971) .  
volume and g r a d e  o f  lumber from each  t ree were measured and 
recorded . 

Logs from t h e s e  trees were sawn i n t o  lumber,  and t h e  
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Methods 

TAHOE N.F. 
ELDORADO N.F. 

h E STANISLAUS N.F. 

Figure  1.--Location of  
sample areas. 

S i m i l a r  t o  p a s t  approaches  by Lane and o t h e r s  (1970),  S n e l l g r o v e  
and o t h e r s  (1973) ,  P lank  and S n e l l g r o v e  (1978) ,  and Fahey 
(1980) ,  two models were developed--one t o  p r e d i c t  lumber volume 
and one t o  p r e d i c t  lumber v a l u e .  Unl ike  p a s t  approaches ,  
lumber volume w a s  d e r i v e d  from g r o s s  volume of t h e  t ree  and t h e  
cor responding  lumber recovery ,  e a c h  o f  which were modeled 
s e p a r a t e l y .  An a t t e m p t  t o  model d e f e c t  s e p a r a t e l y  proved 
u n s u c c e s s f u l  because  of l i m i t a t i o n s  o f  t h e  d a t a .  Two methods 
were used t o  model lumber v a l u e .  The f i r s t  p r e d i c t e d  t h e  
volume o f  lumber i n  each  lumber g r a d e ,  and t h e  second p r e d i c t e d  
a n  index  of r e l a t i v e  p r i c e s  o f  t h e  lumber g rades .  
p r e s e n t a t i o n  of  t h e  modeling t e c h n i q u e s  used t o  develop t h e  
v a r i o u s  e q u a t i o n s  i s  found i n  E r n s t  (1982).  

A d e t a i l e d  

The f o l l o w i n g  b a s i c  s t e p s  and e q u a t i o n s  are used t o  p r e d i c t  t h e  
lumber volume and v a l u e  o f  young-growth r e d ,  w h i t e ,  and grand 
f i r s ;  t h e n  a step- by- step example i s  provided.  

3 



Lumber Volume 1. F i e l d  measurements 

The f i r s t  s t e p  i s  t o  o b t a i n  t h e  f o l l o w i n g  measurements: 

a .  
b. T o t a l  h e i g h t  (H);  
c. Presence  o r  absence  o f  d e f e c t  ( I )  such a s  b a s a l  s c a r s ,  
l i g h t n i n g  scars,  conks ,  c a n k e r s ,  f r o s t  c r a c k s ,  and snowbreaks;  
d.  P resence  o r  absence  o f  crook (C)--any a b r u p t  d e v i a t i o n  from 
t h e  main a x i s  of  t h e  t ree,  e s p e c i a l l y  p i s t o l  b u t t .  

Diameter a t  4.5 f e e t  o n  t h e  u p h i l l  s i d e  o f  t h e  t ree  ( D ) ;  

2.  Estimates of  g r o s s  c u b i c  volume o f  trees 

The second s t e p  i s  t o  choose and s o l v e  a g r o s s  c u b i c  volume 
e q u a t i o n  based on s p e c i e s  and geograph ic  l o c a t i o n :  

For  WHITE and RED FIRS (WR) i n  n o r t h e r n  C a l i f o r n i a  and s o u t h e r n  
O r  e gon : 

VOL(WR) = D2H(0.00159412 + 0.0025682(1/H) 
+ 0.000000811(H2/D)) . 

For GRAND FIR ( G )  i n  Idaho: 

VOL(G) = D2H(0.00187129 + 0.021574(1/H) 
+ 0.000000755(H2/D)). 

3 .  Recovery estimates 

The t h i r d  s t e p  i s  t o  choose and s o l v e  a recovery  e q u a t i o n .  
Recovery i s  d e f i n e d  as  t h e  cub ic- foo t  volume o f  rough-green 
lumber produced from a c u b i c  f o o t  o f  t h e  g r o s s  volume o f  a 
t ree.  Recovery e q u a t i o n s  v a r y  by t y p e  o f  m i l l  and s p e c i e s ;  
t h e r e f o r e ,  m i l l  u s e r s  shou ld  u s e  t h e  appendix t o  de te rmine  t h e  
m i l l  t h a t  most c l o s e l y  matches  t h e i r  own. A common e q u a t i o n  
(COMMON) i s  prov ided  f o r  t h o s e  who are n o t  u s i n g  t h e  estimates 
f o r  a s p e c i f i c  m i l l .  
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Recovery (REC) e q u a t i o n s  by m i l l  ( m i l l s  a t  G r a n g e v i l l e ,  Idaho;  
Burney and Martell, C a l i f o r n i a ;  and Medford, Oregon) and 
s p e c i e s  : 

COMMON REC = 0.628 - 6.751(1/D IO5) - 0.203(1) 

+ 0 . 0 0 7 6 3 ( 1 ~ / ~ * ~ ) .  

G r a n g e v i l l e  /grand 

f i r  REC = 0.678 - 2.416(1/D) - 0.00037(1H/D) 

+ 0.000044 ( I H 2 )  . 
2 

M a r t e l l / w h i t e  f i r  REC = 0.295 + lO.O47(1/D) - 177.580(1/D ) 
2 + 0.0140(1) - O.O98O(C) + 0.666H/D . 

2 
Burney/white f i r  REC = 0.674 - 1.735(1/D) - 18.950(1/D ) 

2 - 0.0550(1) + 0.175(H/D ). 

Burney/red f i r  REC = 0.610 - 23.980(1/D2) - 0.310(1) 

+ 0.050(1H/D). 

Medford/white f i r  REC = 1.0. 

No s p e c i f i c  r ecovery  e q u a t i o n  was developed f o r  t h e  
Medford/white f i r  d a t a  group,  s o  t h e  r ecovery  f o r  t h a t  m i l l  
should  be e q u a l  t o  1.0. 

4. F i n a l  c o r r e c t i o n  c o e f f i c i e n t s  

A f i n a l  c o r r e c t i o n  f a c t o r  i s  a p p l i e d  t o  t h e  product  of g r o s s  
c u b i c  volume and recovery  t o  p r e d i c t  t h e  cubic- foot  volume of 
lumber produced from each tree. 

F i n a l  c o r r e c t i o n  c o e f f i c i e n t s  by m i l l  and species- -  
lumber volume ( f t 3 ) =  B1( g r o s s  volume) ( r e c o v e r y )  : 

COMMON 
Grangev i l l e /g rand  f i r  
Martell /whi te  f i r  
Medf o rd  /whi te  f i r  
Burney/whi t e  f i r  
Burney/red f i r  

0.9713 . 9.386 . 9648 . 5068 . 9670 . 8354 
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5. R a t i o  of board f e e t  t o  c u b i c  f e e t  of lumber 

To e n a b l e  t h e  u s e r  t o  c o n v e r t  c u b i c  f e e t  o f  rough-green lumber 
t o  board f e e t  of  f i n i s h e d  lumber,  w e  e s t i m a t e d  t h e  r a t i o  of  
board f e e t  t o  c u b i c  f e e t  of  lumber f o r  each  m i l l  and s p e c i e s  
group and f o r  a l l  t h e  d a t a  combined. The r a t i o  of board f e e t  t o  
c u b i c  f e e t  of  lumber (Fahey and Woodfin 1976) i s  t h e  r a t i o  of t h e  
board- foot volume of su r faced- dry  lumber (nominal s i z e s )  t o  t h e  
c u b i c  volume of rough-green lumber ( a c t u a l  s i z e s ) .  The board- foot 
volume of lumber i s  found by m u l t i p l y i n g  t h e  cubic- foot  volume of 
lumber i n  s t e p  4 by t h e  board-foot :cubic-foot  r a t i o .  

R a t i o s  of board f e e t  t o  c u b i c  f e e t : l /  

M i l l  / s p e c i e s  

COMMON 
Grangev i l l e /g rand  f i r  
M a r t e l l / w h i t e  f i r  
Medford/white f i r  
Burney/white f i r  
Burney / red f i r  

R a t i o  

13.844 
13.512 
13.713 
12.620 
1 4  . 103  
14.034 

R e s u l t s  of each o f  t h e  above s t e p s  f o r  p r e d i c t i n g  lumber volume 
are i l l u s t r a t e d  f o r  n i n e  whi te  f i r  trees i n  t a b l e  1. These 
trees were s e l e c t e d  t o  r e p r e s e n t  a range  o f  d i a m e t e r s  from a 
lumber recovery  s t u d y  done i n  s o u t h e r n  Oregon. T o t a l  h e i g h t ,  
d iamete r  a t  b r e a s t  h e i g h t ,  and p resence  o r  absence  of  d e f e c t  
and crook f o r  each  tree are p r e s e n t e d  i n  t h e  t a b l e .  The 
c a l c u l a t i o n s  needed t o  p r e d i c t  t h e  lumber volume a re  shown f o r  
t h e  f i r s t  t ree,  and t h e  answers  f o r  t h e  o t h e r  e i g h t  trees are  
l i s t e d .  

P r e d i c t e d  volumes were compared w i t h  t h e  a c t u a l  volumes t o  g i v e  
some estimate of  t h e  r e l i a b i l i t y  of  t h e s e  e q u a t i o n s .  Although 
t h e  i n d i v i d u a l  p r e d i c t e d  lumber volumes may vary  from t h e  
a c t u a l  volumes, t h e  volumes f o r  t h e  o v e r a l l  sample of n i n e  
trees had on ly  a 0.3 p e r c e n t  d i f f e r e n c e  between t h e  a c t u a l  and 
t h e  p r e d i c t e d  volumes. The v a r i a t i o n  i n  a l a r g e r  test  sample 
of 94 trees w a s  on ly  0.9 p e r c e n t  ( E r n s t  1982) .  

I /One  board f o o t  of lumber i n  nominal s i z e s  can be expressed  
as 1 by 1 2  i n c h e s  by 1 f o o t ,  which i n  a c t u a l  s i z e s  could  be 
0.95 by 11.7  i n c h e s  by 1 f o o t .  I n  t h i s  example, t h e  board-  
foot-per-cubic-foot  r a t i o  would be 1 / ( 0 . 9 5 ~ 1 1 . 7 / 1 4 4 )  = 12.955. 
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Table  l- - Resul ts  of t h e  step- by- step approach t o  p r e d i c t i n g  lumber volume of s t a n d i n g  
w h i t e  f i r  tree&/ 

F i e l d  measurements Gross Lumber volume (LV) 

Inches  F e e t  Cubic f e e t  - -  Cubic f e e t -  - Board f e e t  
7.7 56.4 0 0 6.60 0 .31 1.99 0.81 27.55 
9.0 44.9 1 0 6.67 0 29 1.88 3.11 26.03 

10.5  54.2 0 0 11.16 . 43 4.66 2.34 64.51 
11 .7  63.2 0 0 16.54 -46 7.39 9.09 102.31 
13 .1  67.2 1 0 22.05 .42 9.00 8.37 124.60 

243 . 1 0  15.1  79.2 0 0 35.46 . 5 1  17.56 
16.0 94.9 0 0 50.48 .52 25 . 50 29.27 353 . 02 
18.8 72.9 1 0 47.89 047 21 . 86 18.49 302 . 63 
23.5 128.5 0 0 154.98 0 57 85 . 80 86.86 1,187.82 

1 7  . 90 

T o t a l  175.64 176.24 

1/Sample c a l c u l a t i o n s  f o r  t h e  1st tree are i n  f o o t n o t e s  3 ,  4, 5 ,  and 6. 
.?.I1 means d e f e c t  o r  c rook i s  p r e s e n t ;  0 means a b s e n t .  
.?/Equation f o r  e s t i m a t i n g  g r o s s  c u b i c  volume of r e d  and w h i t e  f i r  trees-- 

VOL(WR) = D2H(0.00159412 + O.O025682(1/H) + 0.000000811(H2/D)). 
VOL(WR) = (7 .  7 ) 2 (  56.4)(0.00159412 + 0.0025682( 1 / (  56 .4))  

VOL(WR) = 6.60. 
+ 0.000000811( ( 56.4)2 /7 . 7 ) )  ; 

 COMMON e q u a t i o n  f o r  e s t i m a t i n g  recovery-- 
REC = 0.628 - 6.751(1/D1*5) - 0.203(1) + 0.00763(IH/D0*5). 
REC = 0.628 - 6.751/(7.7)1*5 - 0.203(0) + 0 . 0 0 7 6 3 ( 0 ) ( 5 6 . 4 ) / ( 7 . 7 ) 0 * 5 ;  
REC = 0.31. 

?/COMMON e q u a t i o n  f o r  f i n a l  c o r r e c t i o n  c o e f f i c i e n t s  f o r  lumber volume-- 
LV ( f  t 3 )  = B l ( g r o s s  c u b i c  tree volume) ( r e c o v e r y ) .  
LV ( f t 3 )  = 0.9713(6.60)(0.31);  
LV ( f t 3 )  = 1.99. 

,!!./COMMON e q u a t i o n  f o r  lumber volume i n  board f e e t  p e r  c u b i c  f o o t  of lumber-- 
LV (bd f t )  = lumber volume ( f t 3 )  X bd f t / f t 3  r a t i o .  
LV (bd f t )  = 1.99(13.844);  
LV (bd f t )  = 27.55. 
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Lumber Value Two methods were developed t o  p r e d i c t  t h e  t o t a l  v a l u e  o f  a 
tree. Both were developed t o  be used w i t h  c u r r e n t  p r i c e s  
i n s t e a d  of  having t h e  p r i c e s  b u i l t  i n t o  t h e  equa t ion .  The 
f i r s t  method, volume by g r a d e ,  i s  des igned  f o r  u s e r s  who wish 
t o  know t h e  a v e r a g e  volume o f  lumber i n  each g r a d e  produced 
from a t ree w i t h  a g i v e n  d iamete r .  The second method p r e d i c t s  
t h e  t o t a l  t ree  v a l u e  by u s e  o f  a r e l a t i v e  i n d e x  of  lumber 
p r i c e s  and volumes. It i s  much easier  t o  u s e  t h a n  t h e  volume 
by g rade  method. Because t h e  e q u a t i o n s  f o r  t h e s e  two methods 
were d e r i v e d  s e p a r a t e l y  and p r e d i c t  e i t h e r  a v e r a g e  volume by 
g rade  o r  t o t a l  t ree volume by u s e  o f  a r e l a t i v e  p r i c e  index ,  
t h e  f i n a l  t o t a l  t ree  v a l u e s  may n o t  b e  t h e  same. 

1. Volume by g rade  

Equa t ions  were developed t o  p r e d i c t  t h e  a v e r a g e  p r o p o r t i o n a l  
volume (PV) of lumber i n  each  lumber g rade .  These p r o p o r t i o n a l  
volumes can  be  m u l t i p l i e d  by t h e  lumber volume o f  t h e  t ree and 
t h e  c u r r e n t  s e l l i n g  p r i c e  f o r  each  g r a d e  o f  lumber--Standard 
and Better ( S t d  & B t r ) ,  U t i l i t y  ( U t i l ) ,  and Economy (Econ)--to 
f i n d  t h e  t o t a l  t ree  v a l u e .  Equa t ions  cou ld  n o t  b e  produced f o r  
Medford/white f i r ,  M a r t e l l / w h i t e  f i r ,  and Grangev i l l e /g rand  f i r  
d a t a  g roups ,  s o  a v e r a g e  PV's by g rade  a c r o s s  a l l  d i a m e t e r s  are  
g i v e n  f o r  them as  f o l l o w s :  

Average p r o p o r t i o n a l  volumes 
E con S t d  and B t r  U t i l  

G r a n g e v i l l e / g r a n d  f i r  0.857 
Mart e l l  /whi te  f i r  -713 
Medf ord  /whi te  f i r  . 780 

0.029 0.114 . 080 . 207 . 068 . 152 

The p r o p o r t i o n a l  volumes by g rade  d i d  v a r y  by d iamete r  f o r  
Burney/white f i r  and Burney/red f i r  d a t a  groups  and a l l  t h e  
d a t a  combined, s o  e q u a t i o n s  were developed f o r  t h e s e  t h r e e  d a t a  
sets. The average  PV's were made cumula t ive ,  so  o n l y  two 
e q u a t i o n s  had t o  be developed t o  p r e d i c t  t h e  t h r e e  lumber 
g rades .  I n  t h i s  case, t h e  PV of Economy lumber i s  found by 
s u b t r a c t i n g  t h e  PV of U t i l i t y  and Better ( U t i l  & B t r )  from 
100 p e r c e n t .  Likewise ,  t h e  PV of U t i l i t y  i s  found by s u b t r a c t -  
i n g  t h e  PV of  S tandard  and Better from t h e  PV of U t i l i t y  and 
Better. The form of t h e  f i n a l  e q u a t i o n  i s  as fo l lows :  
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P r o p o r t i o n a l  volume i n  

a g i v e n  lumber grade  = l .O/( l .O + e 1; 

where, e = 2.7182818; 

and c o n s t a n t s  by m i l l ,  s p e c i e s ,  and g rade  of lumber are: 

b0 b l  - 
COMMON S td  and B t r  0.574 0.00137 

U t i l  and B t r  1 .532 . 00355 

Burney/white f i r  S td  and B t r  .203 . 00250 
.00508 U t i l  and B t r  1 .146 

Burney/red f i r  S td  and B t r  . 317 .00151 
U t i l  and B t r  1 .295 .00314 

Lumber v a l u e s  are p r e d i c t e d  f o r  t h e  same n i n e  trees u s i n g  t h e  
volumes by g rade  method ( t a b l e  2)  and t h e  r e l a t i v e  index  method 
( t a b l e  3 ) .  Again t h e  c a l c u l a t i o n s  are shown f o r  t h e  f i r s t  
tree, and t h e  answers f o r  t h e  o t h e r  e i g h t  trees are l i s t e d  i n  
t h e  t a b l e s .  P r e d i c t e d  and a c t u a l  p r i c e s  are based on 1980 
Western Wood Produc t s  A s s o c i a t i o n  p r i c e s ,  where t h e  p r i c e  of  
Standard  and Better i s  $210/M ($210 p e r  thousand board f e e t ) ,  
U t i l i t y  i s  $129/M, and Economy i s  $78/M.2/ 

The p r e d i c t e d  and a c t u a l  v a l u e s  were a l s o  compared. Again, t h e  
i n d i v i d u a l  t ree  v a l u e s  v a r i e d ,  b u t  t h e  o v e r a l l  sample p r e d i c t e d  
v a l u e  v a r i e d  on ly  -5.4 p e r c e n t  from t h e  a c t u a l  v a l u e  f o r  t h e  
volume by grade  method. The r e l a t i v e  index  p r e d i c t e d  v a l u e  
v a r i e d  -3.5 p e r c e n t  from t h e  a c t u a l  v a l u e  f o r  t h e  o v e r a l l  
sample. I n  a n o t h e r  test  of 94 trees, t h e  v a r i a t i o n  f o r  t h e  
r e l a t i v e  index  e q u a t i o n s  w a s  o n l y  1.0 pe rcen t .  

&/Mention of  companies o r  p r o d u c t s  is f o r  t h e  convenience of 
t h e  r e a d e r  and does n o t  c o n s t i t u t e  an  endorsement by t h e  U.S. 
Department of  A g r i c u l t u r e .  
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T a b l e  2--Volume by g rade  method f o r  de te rmin ing  lumber v a l u e  i n  w h i t e  f i r  t rees ,  
t h e  s tep- by- step approach of p r e d i c t i n g  t h e  p r o p o r t i o n a l  volume of lumber i n  each 
lumber grad&/ 

P r o p o r t i o n a l  volume by g r a d e  
T o t a l  t ree  valu&/ 

Standard U t i l i t y  
D.b.h. & Bette&/ & Better:/ U t i l i t y 4 1  Economy?/ P r e d i c t e d  Actual  

Inches  D o l l a r s  p e r  
thousand board f e e t  

7.7 0.658 
9 . 0  . 665 

1 0 . 5  . 674 
1 1 . 7  - 6 8 2  
1 3 . 1  . 692 
1 5 . 1  .708 
16.0  . 716 
18 .8  . 742 
23.5 . 7 9 1  

T o t a l  

0 .851  . 8 6 1  
- 8 7 3  
.883 . 895 
912  

.920 

.942 . 971  

0.193 . 1 9 6  . 199  . 201 
.203 
.204 
. 204 . 200 
- 1 8 0  

0.149 
,139 
,127 . 117  . 1 0 5  
e 088 . 080 . 058 
- 0 2 9  

4 .79  1 .75  
4.58 8.02 

11 .43  6.94 
18 .24  22.41 
22.39 , 18.07 
44 .21  52.05 
64.57 81.39 
56.33 50.84 

227 . 58 238 . 42 
454 .14  479.89 

L/Sample c a l c u l a t i o n s  f o r  t h e  1st t ree are  i n  f o o t n o t e s  2 ,  3 ,  4 ,  5 ,  and 6 .  

P r o p o r t i o n a l  volume (PV) i n  a g i v e n  lumber g rade  = 1.0/(1.0 + e . (- (bo+ b p  2 1)))  

YCOMMON equation--  

PV i n  S t d  & B t r  = l . O / ( l . O  + e (-( 0.574  + 0.00137(  ( 7 .  7 ) 2 ) ) )  
1; 

PV i n  Std  & B t r  = 0.658 .  

(- ( 1 . 5 3 2  + 0 . 0 0 3 5 5 ( ( 7 . 7 ) 2 ) ) )  
2/PV i n  U t i l  & B t r  = l . O / ( l . O  + e 1; 
PV i n  U t i l  & B t r  = 0.851 .  

k/PV i n  U t i l  = PV i n  U t i l  & B t r  - PV i n  S t d  & B t r .  
PV i n  U t i l  = 0.851 - 0 .658 ;  
PV i n  U t i l  = 0.193 .  

?/PV i n  Econ = 1.0 - PV i n  U t i l  & B t r .  
PV i n  Econ = 1.0  - 0 , 8 5 1 ;  
PV i n  Econ = 0.149 .  

6lValue  = t o t a l  tree lumber volume (bd f t ) ( P V ( S t d  & Btr)($/M) 

P r e d i c t e d  v a l u e  = 27.55 ( 0 . 6 5 8 ( $ 2 1 0 / M )  + 0 . 1 9 3 ( $ 1 2 9 / M )  + 0 . 1 4 9 ( $ 7 8 / M ) ) .  
P r e d i c t e d  v a l u e  = 27.55 ( 0 . 6 5 8 ( 0 . 2 1 0 )  + 0 . 1 9 3 ( 0 . 1 2 9 )  + 0 . 1 4 9 ( 0 . 0 7 8 ) ) ;  
p r e d i c t e d  v a l u e  = $4.81 .  

+ PV(Util)($/M) + PV(Econ)($/M)). 



2. R e l a t i v e  index  e q u a t i o n s  by m i l l  and s p e c i e s  

The t o t a l  t ree va lue  i s  found by p r e d i c t i n g  a r e l a t i v e  index?./ 
of lumber p r i c e s  and volumes and m u l t i p l y i n g  t h e  r e l a t i v e  index  
by t h e  c u r r e n t  p r i c e  of S tandard  and Better lumber. 

R e l a t i v e  index  va lue  = Bo + B1 lumber volume (bd f t ) .  

BO B 1  

COMMON -5.510 
Grangev i l l e / g r and  f i r  -4 . 312 
Martell /whi te  f i r  -7.794 
Medford/white f i r  2.368 
Burney /whi t e  f i r  -6.726 
Burney/red f i r  -.295 

0.9268 . 9347 . 9348 . 8959 . 9103 . 8640 

2/The dependent v a r i a b l e  ( r e l a t i v e  i ndex  va lue )  w a s  
c a l c u l a t e d  t h i s  way: A l l  t h e  p r i c e s  were made p r o p o r t i o n a l  t o  
t h e  p r i c e  of Standard and Better. Then t h e  a c t u a l  lumber 
volumes i n  each  g r ade  were m u l t i p l i e d  by t h e s e  r e l a t i v e  p r i c e s  
and added t o g e t h e r .  Thus, t h e  i ndex  relates a l l  t h e  lumber 
volume t o  t h e  p r i c e  of S tandard  and Better. 
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Table  3--Results of t h e  approach t o  p r e d i c t i n g  t h e  t ree  v a l u e  
by t h e  r e l a t i v e  i n d e x  metho&/ 

R e  l a  t i v e  P r e d i c t e d  Actua l  
D.b.h. inde&/ value?/ v a l u e  

D o l l a r s  p e r  
Inches  thousand board f e e t  

7.7 
9.0 

10.5  
11.7 
13.1 
15 .1  
16.0 
18.8 

20.02 
18.61 
54 . 28 
89 . 31 

109.97 
219.80 
321.67 
274.97 

4.20 
3.91 

11.40 
18.76 
23.09 
46.16 
67.55 
57 . 74 

1.75 
8.02 
6.94 

22.41 
18.07 
52 . 05 
81.39 
50.84 

23.5 1 , 0 9 5  . 36 230.02 238.42 
T o t a l  462.83 479.89 

L/Sample c a l c u l a t i o n s  f o r  t h e  1st t ree a re  i n  f o o t n o t e s  2 
and 3. 

&/COMMON equation--  
R e l a t i v e  i n d e x  (RI )  = B o  + B 1  lumber volume (bd f t ) .  
R I  = -5.510 + 0.9268(27.55); 
R I  = 20.02. 

? /Pred ic ted  v a l u e  = R I ( $ / M  S t d  ti B t r ) .  
P r e d i c t e d  v a l u e  = 20.02 (0 .210) ;  
p r e d i c t e d  v a l u e  = $4.20. 

Metric Equivalents 1 f o o t  = 0.3048 meter 
1 i n c h  = 2.54 centimeters 
1 c u b i c  f o o t  = 0.02832 c u b i c  meter 
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Appendix The m i l l  a t  Marte l l ,  C a l i f o r n i a ,  had one 9-foot double- cut 
bandsaw w i t h  a 54-inch c a r r i a g e ,  a 9- foot s i n g l e- c u t  bandsaw 
wi th  a 72- inch c a r r i a g e ,  two e d g e r s ,  one l i n e- b a r  resaw, one 
trimmer, and a 24- t ray a u t o m a t i c  s o r t e r .  M i l l  p roduc t ion  
averaged 150,000 board f e e t  of lumber p e r  s h i f t .  

The m i l l  a t  Medford, Oregon, had one s i n g l e- c u t ,  7- foot 
bandsaw, a 4- by 66- inch s i n g l e  e d g e r ,  a 32- foot gang t r i m m e r ,  
a twin-band v e r t i c a l  l i n e- b a r  resaw, and a s i n g l e  band resaw on 
t h e  g reen  c h a i n .  M i l l  p r o d u c t i o n  averaged 90,000 board f e e t  of 
lumber p e r  s h i f t  . 
The m i l l  a t  Burney, C a l i f o r n i a ,  had one quad-band headsaw, one 
d e b a r k e r ,  one s ingle- band resaw, two double- arbor  e d g e r s ,  one 
trimmer, a n  a u t o m a t i c  d rop  s o r t e r ,  and a lumber s t a c k i n g  and 
s t i c k e r i n g  machine. 
f e e t  of lumber p e r  s h i f t .  

M i l l  p r o d u c t i o n  averaged  150,000 board 

The m i l l  a t  G r a n g e v i l l e ,  Idaho,  one 9 - foo t ,  s i n g l e- c u t  band 
headsaw, one 16- inch chip-n-saw, two d e b a r k e r s ,  one twin-band 
resaw, one gang b u l l  e d g e r ,  two s i n g l e  e d g e r s ,  one t r i m m e r ,  and 
a drop s o r t e r .  M i l l  p r o d u c t i o n  averaged  150,000 board f e e t  of 
lumber p e r  s h i f t  . 



E r n s t ,  Susan; Pong, W. Y .  P r e d i c t i n g  lumber volume and va lue  of 
young-growth t r u e  f i r s :  User's guide .  Gen. Tech. Rep. PNW-149. 
P o r t l a n d ,  OR: U.S. Department of A g r i c u l t u r e ,  F o r e s t  Se rv ice ,  
P a c i f i c  Northwest F o r e s t  and Range Experiment S t a t i o n ;  1982. 
1 4  p. 

Equat ions  a r e  p r e s e n t e d  f o r  p r e d i c t i n g  t h e  volume and va lue  of 
young-growth r e d ,  wh i t e ,  and grand f i r s .  Examples of how t o  
use  them are a l s o  given.  These e q u a t i o n s  were developed on 
trees less than  140 y e a r s  o l d  from a r e a s  i n  sou the rn  Oregon, 
n o r t h e r n  C a l i f o r n i a ,  and Idaho. 

Keywords: Lumber recovery,  lumber y i e l d ,  lumber v a l u e ,  young- 
growth s t a n d s ,  r ed  f i r ,  Abies magn i f i ca ,  wh i t e  f i r ,  Abies 
conco lo r ,  grand f i r ,  Abies g r a n d i s ,  volume de te rmina t ion ,  
volume (merchantable) .  
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