
ECONOMIES OF SCALE AND TRENDS I N  THE SIZE 
OF SOUTHERN FOREST INDUSTRIES 

James E .  Granskog 
Economist 

S o u t h e r n  F o r e s t  Experiment S t a t i o n  
F o r e s t  S e r v i c e ,  U.S. Department o f  A g r i c u l t u r e  

New O r l e a n s ,  L o u i s i a n a  

A b s t r a c t  

I n  e a c h  of  t h e  major  s o u t h e r n  f o r -  
e s t  i n d u s t r i e s ,  t h e  t r e n d  h a s  been 
toward a c h i e v i n g  economies o f  s c a l e ,  
t h a t  i s ,  t o  b u i l d  l a r g e r  p r o d u c t i o n  
u n i t s  t o  reduce  u n i t  c o s t s .  C u r r e n t  
minimum e f f i c i e n t  p l a n t  s i z e  e s t i -  
mated by s u r v i v o r  a n a l y s i s  i s  1 ,000 
t o n s  p e r  day c a p a c i t y  f o r  s u l f a t e  
p u l p i n g ,  100 m i l l i o n  s q u a r e  f e e t  
( 3 / 8 -  i n c h  b a s i s )  a n n u a l  c a p a c i t y  f o r  
so f twood  plywood, and 20 m i l l i o n  
board  f e e t  annua l  o u t p u t  f o r  sof twood 
lumber.  E s t i m a t e s  o f  e f f i c i e n t  s i z e  
by t h e  s u r v i v o r  t e c h n i q u e  r e f l e c t  a  
p l a n t ' s  a b i l i t y  t o  cope w i t h  t h e  t o -  
t a l  economic env i ronment .  I n  f a c t ,  
a d d i t i o n s  t o  c a p i t a l  i n v e s t m e n t  r e -  
q u i r e d  t o  meet s o c i a l  and t e c h n o l o g i -  
c a l  changes  have v i r t u a l l y  f o r c e d  i n -  
c r e a s e d  s c a l e  o f  o u t p u t  t o  keep u n i t  
c o s t s  i n  l i n e .  

I n t r o d u c t i o n  

Dramat ic  changes  i n  t h e  s i z e  o f  
o p e r a t i o n s  have accompanied t h e  r a p i d  
e x p a n s i o n  o f  s o u t h e r n  f o r e s t  i n d u s -  
t r i e s .  In  t h e  l a s t  decade ,  a v e r a g e  
p u l p m i l l  c a p a c i t y  r o s e  1 8  p e r c e n t ,  
a v e r a g e  sof twood plywood p l a n t  capac-  
i t y  c l imbed  6 1  p e r c e n t ,  a v e r a g e  saw- 
m i l l  o u t p u t  jumped 79 p e r c e n t ,  and 
t h e  a v e r a g e  o u t p u t  f o r  h a r v e s t i n g  
o p e r a t  i o n s  doubled.  

These i n c r e a s e s  i n  a v e r a g e  s i z e  
i n d i c a t e  t h a t  p o s i t i v e  measures  have 
been t a k e n  t o  r e a l i z e  economies o f  
s c a l e .  I f  s o ,  what s i z e s  o r  r a n g e  o f  
s i z e s  a p p e a r  t o  be  t h e  most e f f i c i e n t  
i n  p r o c e s s i n g  s o u t h e r n  t i m b e r ?  The 
c o m p a r a t i v e  e f f i c i e n c y  o f  o p e r a t i o n s  
o f  d i f f e r e n t  s i z e s  can be measured by 
examining t r e n d s  i n  t h e  number o f  e s -  
t a b l i s h m e n t s  and t h e i r  s i z e  d i s t r i b -  
u t  i o n s  i n  e a c h  f o r e s t  i n d u s t r y .  

Economies o f  S c a l e  

Economies of  s c a l e  r e f e r  t o  t h e  r e -  
d u c t i o n  i n  u n i t  c o s t s  a s  o u t p u t  i n -  
c r e a s e s .  Change i n  t h e  s c a l e  o f  o u t -  
p u t  w i t h i n  an  i n d u s t r y  i s  one o f  many 
f a c t o r s  t h a t  c o n t r i b u t e  t o  t h e  e f f i -  

c i e n c y  w i t h  which o u t p u t s  a r e  p r o -  
duced.  T h e r e f o r e ,  i t  can be an impor- 
t a n t  e lement  i n  d e t e r m i n i n g  an i n d u s -  
t r y ' s  o p p o r t u n i t y  f o r  growth.  

S c a l e  economies u s u a l l y  a r e  c o n s i d -  
e r e d  most i m p o r t a n t  i n  t h e  c o n t e x t  o f  
m a n u f a c t u r i n g .  As s i z e  i n c r e a s e s  a t  
t h e  p l a n t  l e v e l ,  f o r  example ,  econo- 
mies can r e s u l t  from d i v i s i o n  and 
s p e c i a l i z a t i o n  o f  l a b o r ,  i n c r e a s e d  
u s e  o f  more e f f i c i e n t  machines and 
advanced t e c h n o l o g y ,  and lower  admin- 
i s t r a t i v e  c o s t s  p e r  u n i t  o f  o u t p u t .  
Nega t ive  r e s u l t s  o c c u r  when t h e  s c a l e  
o f  p l a n t  is  expanded t o  t h e  p o i n t  
where u n i t  c o s t s  i n c r e a s e ,  due t o  
management problems i n  c o n t r o l l i n g  and  
combining i n p u t s  i n  t h e  p r o d u c t i o n  
p r o c e s s .  

In  t h e  f o r e s t  i n d u s t r i e s ,  however,  
f a c t o r s  o u t s i d e  t h e  p l a n t  such  as  raw 
m a t e r i a l  a v a i l a b i l i t y ,  t r a n s p o r t a t i o n  
f a c i l i t i e s ,  and marke t s  o f t e n  weigh 
more h e a v i l y  i n  d e t e r m i n i n g  m i l l  s i z e  
t h a n  t h e  n a t u r e  o f  p r o d u c t i o n  e q u i p -  
ment a v a i l a b l e .  T h e r e f o r e ,  i t  i s  
more d i f f i c u l t  t o  d e t e r m i n e  t h e  ex i s t :  
ence  o f  p l a n t - l e v e l  economies o f  s c a l e  
t h a n  i n ,  s a y ,  t h e  chemica l  p r o c e s s  
i n d u s t r i e s .  N e v e r t h e l e s s ,  s c a l e  econ-  
omies have been r e c o g n i z e d  among t h e  
f o r e s t  i n d u s t r i e s -  -main ly  i n  p u l p  and 
p a p e r ,  b u t  a l s o  t o  a  degree  i n  plywood 
and lumber ( 5 ) .  

Measurement o f  s c a l e  economies and 
e f f i c i e n t  p l a n t  s i z e  i n  an  i n d u s t r y  
i s  u s u a l l y  accomplished by comparing 
p r o d u c t i o n  c o s t s  o f  p l a n t s  o f  d i f f e r -  
e n t  s i z e s .  How much u n i t  c o s t s  a r e  
reduced  a s  p l a n t  s i z e  i n c r e a s e s  i n d i -  
c a t e s  t h e  e x t e n t  t o  which economies a r e  
a c h i e v e d .  E f f i c i e n t  p l a n t  s i z e -  a r e  
i d e n t i f i e d  a s  t h o s e  h a v i n g  t h e  l o w e s t  
c o s t s  o v e r  t h e  r a n g e  o f  s i z e s  examined. 
A major  problem w i t h  t h i s  approach ,  
however ,  i s  t h a t  a c c u r a t e  c o s t  i n f o r -  
mat ion i s  d i f f i c u l t  t o  o b t a i n  and i s  
seldom u p - t o - d a t e .  The e f f o r t  t o  a c -  
q u i r e  s a t i s f a c t o r y  i n f o r m a t i o n  o f  t h i s  
s o r t  i s  p r o b a b l y  n o t  j u s t i f i a b l e  un- 
l e s s  one i s  a c t u a l l y  p l a n n i n g  t o  con- 
s t r u c t  a  p l a n t .  

Another  approach f o r  e s t i m a t i n g  
s i z e  e f f i c i e n c y  i s  c a l l e d  t h e  s u r v i v o r  
t e c h n i q u e .  Although n o t  a s  p r e c i s e  a s  



t h e  c o s t  approach,  i t  i s  more u s e f u l  
i n  i n d i c a t i n g  i n d u s t r y  t r e n d s .  By 
t h i s  method, p l a n t s  i n  an i n d u s t r y  
a r e  c l a s s i f i e d  by s i z e ,  and t h e  s h a r e  
o f  i n d u s t r y  c a p a c i t y  o r  ou tpu t  ac-  
counted f o r  by each ca t egory  i s  c a l -  
c u l a t e d  f o r  two o r  more t ime p e r i o d s .  
Those s i z e  c l a s s e s  t h a t  i n c r e a s e  
t h e i r  r e l a t i v e  s h a r e  over  t ime a r e  
cons ide red  t h e  most e f f i c i e n t ,  E s t i -  
mates d e r i v e d  from such ana lyses  r e -  
f l e c t  more than  j u s t  c o s t s  i n t e r n a l  
t o  a  p l a n t .  They r e f l e c t  a  p l a n t ' s  
a b i l i t y  t o  s u r v i v e  a l l  t h e  problems 
a  f i r m  f a c e s - - l a b o r  r e l a t i o n s ,  t e c h -  
n o l o g i c a l  change, government regu-  
l a t i o n s ,  market o p p o r t u n i t i e s ,  and 
o t h e r  f a c t o r s .  S ince  f a c t o r s  o u t s i d e  
f o r e s t  i n d u s t r y  p l a n t s  s i g n i f i c a n t l y  
a f f e c t  s i z e ,  t h i s  approach i s  s u i t -  
a b l e  f o r  examining i n d u s t r y  t r e n d s .  

Trends i n  S i z e  

Pulp and Paper 

From 1956 t o  1976, t h e  pulp  and 
pape r  i n d u s t r y  i n  t h e  South1 expand- 
ed from 68 m i l l s  w i th  a  combined 
capac i ty  i n  excess  of  38,000 tons  
p e r  day ( tpd )  t o  112 m i l l s  wi th  a  

1 The South a s  d i scussed  h e r e i n  con- 
s i s t s  of  t h e  1 2  most southern  s t a t e s ,  
i n c l u d i n g  V i r g i n i a .  

c a p a c i t y  o f  98,000 t p d .  Average m i l l  
s i z e  i nc reased  from 564 t o  876 tpd.  

To s e e  how t h e  expansion occu r red ,  
m i l l s  were c l a s s i f i e d  by d a i l y  pulp ing  
c a p a c i t y ,  i n  s i z e  increments  of 250 
t o n s ,  from 250 t o n s  o r  l e s s  up t o  
2,000 tons  o r  more f o r  1956, 1966, and 
1976 ( t a b l e  1). The pe rcen t  of  t o t a l  
capac i ty  accounted f o r  by each of  t h e  
n i n e  s i z e  c l a s s e s  was c a l c u l a t e d  f o r  
each y e a r .  

Over t h e  20-year  p e r i o d ,  m i l l s  i n  
s i z e  c a t e g o r i e s  above 1,000 tons  have 
i n c r e a s e d  t h e i r  r e l a t i v e  s h a r e  of 
t o t a l  c a p a c i t y  ( t a b l e  2 ) .  Meanwhile, 
t h e  s h a r e  f o r  m i l l s  i n  t h e  sma l l e r  
c a t e g o r i e s - - 1 , 0 0 0  tons  o r  l e s s - - h a s  
dec l ined .  According t o  t h e  p recep t s  
of  s u r v i v o r  a n a l y s i s ,  t h e r e f o r e ,  t h e  
range of e f f i c i e n t  s i z e  mi l l2  i s  
1,000 tpd  o r  l a r g e r .  I t  i s  n o t a b l e ,  
however, t h a t  m i l l s  above 1,750 tons  
have n o t  i nc reased  t h e i r  s h a r e  a s  
much a s  t hose  i n  t h e  range from 1,000 
t o  1,750 t o n s .  This  may i n d i c a t e  some 
diseconomies i n  t h e  l a r g e s t  s i z e s ,  
such a s  h ighe r  wood c o s t s .  But i f  
eng inee r ing  e s t i m a t e s  conti?de t o  
f avo r  expansion of  c a p a c i t y  a t  e x i s t -  
i n g  m i l l s ,  t h e s e  s i z e s  may show g r e a t -  
e r  growth i n  t h e  f u t u r e .  

The m i l l  c a p a c i t y  d a t a  used i n  t h e  
preceding  a n a l y s i s  i nc lude  a l l  p ro -  
c e s s e s  a t  a  s i t e  and do no t  recognize  
t h e  v a r i a t i o n s  i n  products  o r  propor-  
t i o n s  of  p i n e  and hardwood pulpwood 
consumed. I t  would be more a c c u r a t e  

Table 1. - -  DISTRIBUTION OF PULPING WACITY OF MILLS USING FULPWOOD I N  THE SGUTH I N  
1956, 1966, AND 1976.1 

19 56 1966 19 76 
M j l l  capacity2 No. Capaci t 

mills Total gercent i s  $is 

Less than 250 
250- 499 
500- 749 
750- 999 

1,000-1,249 
1,250-1,499 
1,500-1,749 
1,750- 1,999 
2,000 or  mar? 

l~ources :  1956, (4); 1966, (17); 1976, (1). 
2 ~ o n s  per 24 hours. 
3~ercent  to ta l s  may not equal 100 because of rounding. 



Table 2. -- CHANGES I N  PERCENTAGE SHARE OF 
PULPING CAPACIn IN 'I%E SOUTH, 

BY MILL SIZE CATEGORY, 1956-1976. 

M i l l  capacity Change 

Less than 250 - 4.2 
250-499 - 5.9 
500- 749 - 14.9 
750-999 - 9.1 

1,000-1,249 + 8.7 
1,250-1,499 * 8.1 
1,500-1,749 + 18.2 
1,750-1,999 - 2.9 
2,000 o r  more + 2 . 1  

t o  make a  compara t ive  a n a l y s i s  b a s e d  
on t h e  marke t s  i n  which mills compete.  
N o n e t h e l e s s ,  r o o f i n g  m i l l s  a r e  con- 
c e n t r a t e d  i n  t h e  s m a l l e s t  s i z e  c l a s s .  
And s u l f a t e  p u l p i n g  a c c o u n t s  f o r  80 
p e r c e n t  o f  t o t a l  c a p a c i t y ,  w i t h  news- 
p r i n t  r a n k i n g  n e x t  i n  impor tance .  I n  
e f f e c t  t h e n ,  t h e  a n a l y s i s  i n d i c a t e s  
t h e  r a n g e  i n  s i z e  s u l f a t e  m i l l s  must 
a c h i e v e  i f  t h e y  a r e  go ing  t o  s u c c e s s -  
f u l l y  compete. 

What do t h e  t r e n d s  t e l l  us  a b o u t  
f u t u r e  number o f  m i l l s ?  The S o u t h ' s  
T h i r d  F o r e s t  r e p o r t  e s t i m a t e d  pulpwood 
demand i n  t h e  y e a r  2000 a s  1 1 2  m i l l i o n  
c o r d s  ( 1 5 ) .  T h i s  would r e q u i r e  a  r e -  
g i o n a l  c a p a c i t y  o f  200,000 t p d ,  o r  
roughly  double  t h a t  o f  1976. The av-  
e r a g e  c a p a c i t y  o f  m i l l s  w i t h i n  t h e  e f -  
f i c i e n t  s i z e  r a n g e  i s  1 , 4 4 3  t p d .  I f  
we assume t h a t  a v e r a g e  c a p a c i t y  f o r  
a l l  m i l l s  i n  t h e  y e a r  2000 w i l l  e q u a l  
t h e  c u r r e n t  a v e r a g e  e f f i c i e n t  s i z e ,  
t h e  number of m i l l s  n e c e s s a r y  t o  meet 
tonnage r e q u i r e m e n t s  w i l l  be  139.  
Taking rep lacements  i n t o  a c c o u n t ,  t h a t  
would i n d i c a t e  a  n e t  i n c r e a s e  o f  27 
m i l l s  o v e r  t h e  number found i n  1976. 

Softwood Plywood 

The r a p i d  growth o f  t h e  p i n e  p l y -  
wood i n d u s t r y  has  been t h e  most d r a -  
m a t i c  development i n  t h e  s o u t h e r n  f o r -  
e s t  economy i n  r e c e n t  y e a r s .  S i n c e  
i t s  b e g i n n i n g  i n  l a t e  1963,  p r o d u c t i o n  
had grown t o  an  e s t i m a t e d  s e v e n  b i l -  
l i o n  s q u a r e  f e e t  i n  1977 ( 1 2 ) .  

Because o f  i t s  r e l a t i v e l y  b r i e f  
h i s t o r y  and r e c o r d  o f  r a p i d  growth,  
e s t i m a t i n g  r e l a t i v e  s i z e  e f f i c i e n c y  i n  
t h e  i n d u s t r y  by s u r v i v o r  a n a l y s i s  may 
n o t  be  e n t i r e l y  v a l i d .  A s  one w r i t e r  

p u t  i t ,  i n  d i s c u s s i n g  a p p l i c a t i o n  o f  
t h e  t e c h n i q u e ,  "A p e r i o d  o f  r a p i d  
growth accompanied by h i g h  o r  i n -  
c r e a s i n g  l e v e l s  o f  p r o f i t a b i l i t y  
s h o u l d  b e  a v o i d e d  b e c a u s e  a l l  b u t  t h e  
c o m p l e t e l y  i n e p t  would s u r v i v e  and  
p r o s p e r  (13) ." I n  t h e  S o u t h ,  though ,  
some plywood p l a n t s  d i d  f a i l ,  changed 
hands ,  o r  were  d e s t r o y e d  by f i r e  and  
s u b s e q u e n t l y  r e b u i l t .  Exper ience  was 
b e i n g  g a i n e d  and a p p l i e d  i n  new p l a n t  
c o n s t r u c t i o n .  Thus,  a  look  a t  t h e  
p e r i o d  from 1969,  a  p o i n t  midway i n  
t h e  i n d u s t r y ' s  r e g i o n a l  development ,  
t o  1976 w i l l  n o t  o n l y  show how most 
o f  t h e  growth t o o k  p l a c e  b u t  p o i n t  
t o  p r o b a b l e  e f f i c i e n t  s i z e .  

During t h i s  p e r i o d ,  t h e  number o f  
p l a n t s  i n c r e a s e d  from 35 t o  57,  and  
t o t a l  a n n u a l  c a p a c i t y  grew from 2 . 9  
t o  j u s t  o v e r  7  b i l l i o n  s q .  f t .  Aver- 
age p l a n t  c a p a c i t y  jumped from 8 3  t o  
124 m i l l i o n  s q .  f t .  However, a  d i s -  
t r i b u t i o n  o f  p l a n t  c a p a c i t y  f o r  e a c h  
y e a r  shows t h a t  a l l  o f  t h e  growth 
o c c u r r e d  i n  s i z e  c a t e g o r i e s  above 
100 m i l l i o n  s q .  f t .  ( t a b l e  3 ) ,  a s  
p l a n t s  below t h i s  l e v e l  upped t h e i r  
c a p a c i t y  and new, l a r g e r  ones came 
on s t r e a m .  A l l  s i z e  c l a s s e s  below 
100 m i l l i o n  s q .  f t .  r e g i s t e r e d  de- 
c l i n e s ,  b o t h  i n  number o f  p l a n t s  and 
c a p a c i t y  a s  w e l l  a s  t h e i r  r e l a t i v e  
s h a r e  o f  t o t a l  c a p a c i t y .  T h e r e f o r e ,  
p l a n t s  i n  t h e  r a n g e  from 100 t o  225 
m i l l i o n  s q .  f t .  ( t h e  l a r g e s t  i n  1976)  
a p p e a r  t o  be  r e l a t i v e l y  more e f f i -  
c i e n t  f o r  p r o d u c i n g  s h e a t h i n g  g r a d e s  
o f  plywood, t h e  dominant p r o d u c t  a t  
s o u t h e r n  p l a n t s .  

While t h e  marke t  o u t l o o k  f o r  s o u t h -  
e r n  p i n e  plywood i s  a t t r a c t i v e ,  f u t u r e  
t r e n d s  i n  p l a n t  s i z e  w i l l  be  governed 
more by f ragmented  l a n d  ownership  
p a t t e r n s  and t h e  a v a i l a b i l i t y  o f  h i g h  
q u a l i t y  t i m b e r .  I f  t h e s e  f a c t o r s  b e -  
come l i m i t i n g ,  however,  t h e r e  may be  
a  t r e n d  toward s u p p o r t i n g  l a r g e  p l y -  
wood p l a n t s  by b u i l d i n g  s m a l l ,  s a t e l -  
l i t e ,  g r e e n  v e n e e r  p l a n t s  b e c a u s e  i t  
w i l l  p r o b a b l y  be  more economical  t o  
s h i p  v e n e e r s  r a t h e r  t h a n  v e n e e r  b o l t s .  

Lumb e  r 

In  c o n t r a s t  t o  t h e  r a p i d  expans ion  
t h a t  has  c h a r a c t e r i z e d  plywood and 
p u l p  and p a p e r ,  r e c e n t  growth i n  
s o u t h e r n  lumber p r o d u c t i o n  h a s  been 
s low and i n t e r m i t t e n t .  From a  p o s t  
World War 11 low o f  9 . 1  b i l l i o n  b o a r d  



Table 3. -- DISTRIBUTION OF SOFIWOOD P L W D  CAPACITY I N  THE SOUTH I N  1969 AND 1976. 

-- - -  -- - 
Plant No. Capacity No. Capacity Change in  percentage 

capacity plants Total Percent plants Total Percent share of t o t a l  capacity 

Less than 50 
50- 74 
75-99 

100- 124 
125-149 
150- 174 
175- 199 
200 o r  more 

l ~ o u r c e s :  1969, (7); 1976, (8). 
l l ion  square f e e t  per annum (3/8-inch basis) .  
rcent to ta l s  may not equal 100 because of rounding. 

f e e t  i n  1961,  t o t a l  o u t p u t  has  r e a c h e d  
o v e r  11 b i l l i o n  i n  some y e a r s  and was 
10.4  b i l l i o n  bd. f t .  i n  1976 ( t a b l e  4). 
Recent g a i n s  s t em from r i s i n g  sof twood  
p r o d u c t i o n ,  a s  hardwood lumber o u t p u t  
c o n t i n u e s  t o  t r e n d  downward. 

Under ly ing  t h e  g r a d u a l  change i n  
p r o d u c t i o n  l e v e l s ,  however,  h a s  been 
a  major  r e o r g a n i z a t i o n  o f  i n d u s t r y  
s t r u c t u r e .  From a lmos t  24,000 saw- 
m i l l s  i n  1947,  o n l y  a b o u t  2,700 a r e  
i n  o p e r a t i o n  t o d a y  ( t a b l e  5 ) .  I n -  
deed ,  i f  s u r v i v a l - a b i l i t y  i s  a  v a l i d  
measure o f  e f f i c i e n c y  anywhere,  i t  i s  
i n  s a w m i l l i n g .  

Trends  i n  s a w m i l l  s i z e  have l a r g e l y  
r e f l e c t e d  t i m b e r  s u p p l y  and market  
c o n d i t i o n s .  From t h e  l a r ~ e ,  e a r l y  
m i l l s  n e c e s s a r y  t o  h a n d l e  t h e  l a r g e -  
s i z e  v i r g i n  t i m b e r ,  a v e r a g e  sawmi l l  
s i z e  d e c l i n e d  when s m a l l ,  p o r t a b l e  

mills were more a d a p t a b l e  t o  second-  
growth t i m b e r  and f l u c t u a t i n g  lumber 
m a r k e t s .  I n  t h i s  env i ronment ,  s u r v i v -  
a l  depended more on f l e x i b i l i t y  r a t h e r  
t h a n  e f f i c i e n c y .  But a s  lumber mar- 
keCs s t a b i l i z e d  and t h e  improving t i m -  
b e r  s u p p l y  s i t u a t i o n  a t t r a c t e d  t h e  
p u l p  i n d u s t r y ,  t h e  emphasis  was 
changed.  The need f o r  a  c e r t a i n  m i n i -  
mum s i z e  m i l l  t o  economica l ly  u t i l i z e  
c h i p p i n g  f a c i l i t i e s  and r i s i n g  l a b o r  
c o s t s  mandated more e f f i c i e n t  o p e r a -  
t i o n s .  With t h e  r e s u l t i n g  c l o s u r e  o f  
many s m a l l  mi l l s ,  sawmi l l  s i z e  began 
t o  t u r n  upward. I n  t h e  mid 1 9 5 0 ' ~ ~  
m i l l s  p r o d u c i n g  2 - 3  m i l l i o n  bd.  f t :  
a n n u a l l y  were c o n s i d e r e d  t h e  most 
p r o f i t a b l e  s i z e  ( 2 ) .  By t h e  e a r l y  
1 9 6 0 s ,  optimum s i z e  was e s t i m a t e d  i n  
t h e  4 - 5  m i l l i o n  range  (18) .  A r r i v a l  
o f  t h e  p i n e  plywood i n d u s t r y  f u r t h e r  
i n t e n s i f i e d  c o m p e t i t i v e  p r e s s u r e s ,  

Table 4. -- LUMBER PRODUCTION I N  'IHE SOVIH, . 
SELECI'ED YEARS, 1956-1976. Table 5. -- NUMBER OF SAWMILLS I N  THE SOUTH, 

SELECTD YEARS, 1947- 1976. 

Year Softwood Nardwood mta12 - - -  Bill ion board-feet- - - Year Number of sawmills 

'Source: (14). lSources : 1947-67, (15) ; 1973- 76, Southern 
'Data may not add t o  t o t a l s  because of and Southeastern Forest Experiment Stations,  
romding . State fores t  and industry reports. 



and  r i s i n g  minimum wages c o n t i n u e d  t o  
f o r c e  m e c h a n i z a t i o n .  These i n f l u -  
e n c e s ,  p l u s  appearance  o f  t h e  c h i p p i n g  
h e a d r i g ,  i n c r e a s e d  t h e  m i l l  s i z e  
n e e d e d  t o  o p e r a t e  e f f i c i e n t l y .  

An e s t i m a t e  o f  t h e  c u r r e n t  minimum 
e f f i c i e n t  s i z e  m i l l  can be made by 
examin ing  a  d i s t r i b u t i o n  o f  lumber 
p r o d u c t i o n  by sawmi l l  s i z e  c l a s s e s  f o r  
1966 and  1976. The m i l l  s i z e s  t h a t  
have g a i n e d  s i g n i f i c a n t l y  i n  t h e i r  
r e l a t i v e  s h a r e s  o f  t o t a l  o u t p u t  o v e r  
t h i s  p e r i o d  a r e  t h o s e  p r o d u c i n g  20 
m i l l i o n  bd. f t .  o r  more a n n u a l l y  
( t a b l e  6 ) .  A s  one would e x p e c t ,  t h e  
l a r g e s t  d e c r e a s e  o c c u r r e d  f o r  t h o s e  
mills t u r n i n g  o u t  f i v e  m i l l i o n  f e e t  o r  
l e s s  a n n u a l l y ,  where sawmi l l  numbers 
were c u t  i n  h a l f .  Mills i n  t h e  s i z e  
c a t e g o r i e s  between 10 and 20 m i l l i o n  
f e e t  showed l i t t l e  change i n  t h e i r  
s h a r e  o f  o u t p u t .  Although t h i s  would 
i n d i c a t e  t h a t  t h e  minimum e f f i c i e n t  
s i z e  m i l l  would b e  i n  t h i s  r a n g e ,  i t  
s h o u l d  b e  n o t e d  t h a t  t h e  d i s t r i b u t i o n s  
i n c l u d e  a l l  s a w m i l l s ,  b o t h  s o f t w o o d ,  
hardwood, and some t h a t  saw b o t h  
s p e c i e s  g roups .  Most hardwood lumber 
i s  p roduced  i n  m i l l s  w i t h  l e s s  t h a n  
10 m i l l i o n  f e e t  o f  a n n u a l  o u t p u t ;  b u t  
i n  any c a s e ,  p r o d u c t i o n  l e v e l s  a r e  
lower  f o r  sawing hardwood compared t o  
p i n e  when b o t h  a r e  j o i n t l y  p roduced .  
So i n  t e rms  o f  so f twood  p r o d u c t i o n ,  
20 m i l l i o n  f e e t  a n n u a l l y  on a  one-  
s h i f t  b a s i s  would a p p e a r  t o  be  t h e  
minimum e f f i c i e n t  s i z e  o p e r a t i o n ,  

Some f u r t h e r  g e n e r a l  o b s e r v a t i o n s  
a r e  no tewor thy  from t h e  1976 d a t a .  
Of t h e  2,700 m i l l  t o t a l ,  400 m i l l s  
w i t h  an  a n n u a l  o u t p u t  above f i v e  
m i l l i o n  bd.  f t ,  accounted  f o r  a l m o s t  
80 p e r c e n t  o f  t h e  t o t a l  p r o d u c t i o n .  
The 60 l a r g e s t  m i l l s  a l o n e  p roduced  
n o t  o n l y  more t h a n  30 p e r c e n t  o f  t h e  
t o t a l  lumber o u t p u t  b u t  n e a r l y  50 
p e r c e n t  o f  t h e  sof twood lumber.  

A b r o a d  range  o f  sawmil l  s i z e s  
o c c u r s  above t h e  i d e n t i f i e d  minimum 
e f f i c i e n t  s i z e - - u p  t o  t h r e e  m i l l s  
p r o d u c i n g  o v e r  100 m i l l i o n  f e e t  i n  
1976. However, no one s i n g l e  o p t i -  
mum s i z e  o f  m i l l  e x i s t s  i n  t h i s  
range because  f i r m s  do n o t  have 
e q u a l  a c c e s s  t o  t i m b e r  ( o r  o t h e r  r e -  
s o u r c e s  s u c h  a s  c a p i t a l  and energy  
s u p p l i e s ) .  A r e c e n t  c o s t  s t u d y  o f  
s a w m i l l s  i n  Alabama concluded t h a t  
t h e  optimum m i l l  s i z e  was from 30 t o  
45 m i l l i o n  bd.  f t .  p e r  y e a r  ( 3 ) ,  b u t  
s e v e r a l  r e c e n t  new m i l l  announcements 
have been i n  t h e  50 t o  60 m i l l i o n  
range .  I n  s h o r t ,  t h e  optimum s i z e  
sawmi l l  depends i n  l a r g e  p a r t  on t h e  
a s s u r e d  t i m b e r  s u p p l y  and a  f i r m ' s  
s t r a t e g y  i n  managing i t s  p r e s e n t  and 
f u t u r e  t i m b e r  i n v e n t o r i e s .  

I m p l i c a t i o n s  

A d d i t i o n s  t o  c a p i t a l  inves tment  
r e q u i r e d  t o  meet s o c i a l  and t e c h n o -  
l o g i c a l  changes  have v i r t u a l l y  
f o r c e d  i n c r e a s e d  s c a l e  o f  o u t p u t  t o  

Table 6. - -  PERCENTAGE DISTRIBUTION OF LUMBER PRODUCTION I N  THE SOUTH, BY MILL SIZE CLASS, 
1966 AND 1976.1 

1966 19 76 
S a n m i l l s i z e 2  No. Perc2Zt-Z- No. Percent of Change i n  percentage 

mills t o t a l  output mills  t o t a l  output share of t o t a l  output 

Less than 5.0 
5.0-9.9 

10.0-14.9 
15.0-19.9 
20.0-29.9 
30.0-39.9 
40.0-49.9 
50.0 o r  more 

Total 5,042 199 0 2,707 100.0 -.---.- - 
l%urces : 1966, (61, (15) ; 1976, (9), and Southern and Southeastern Forest Experiment 
Stations, Sta te  fores t  and industry reports. 

2Annual production i n  millions of 5oard feet .  
E- Estimated. 



keep u n i t  c o s t s  i n  l i n e .  P o l l u t i o n  
c o n t r o l  r e g u l a t i o n s  a r e  s prime exam- 
p l e .  But t h i s  does n o t  mean t h a t  a l l  
sma l l  producing u n i t s  w i l l  d i s appea r .  
Some o p e r a t i o n s  always w i l l  cont inue  
t o  e x i s t  by p rov id ing  s p e c i a l i z e d  
p roduc t s  and s e r v i c e s .  Beyond t h a t ,  
however, t hey  w i l l  n o t  be a  s e r i o u s  
f a c t o r  i n  t h e  t o t a l  p roduct ion  p i c t u r e .  

Future  developments i n  s i z e  i n  t h e  
i n d i v i d u a l  f o r e s t  i n d u s t r i e s  w i l l  de-  
pend on t h e  s i z e ,  growth, and s t a b i l -  
i t y  of  product  markets  and o t h e r  ex-  
t e r n a l  f o r c e s  a s  w e l l  a s  t h e  e f f i c i e n -  
cy w i t h  which t h e  i n d u s t r y  combines 
c a p i t a l ,  l a b o r ,  and a v a i l a b l e  raw 
m a t e r i a l s  t o  produce and market t h e s e  
p roduc t s .  These f a c t o r s  w i l l  have 
va ry ing  e f f e c t s  i n  each i n d u s t r y .  A l l  
s e c t o r s ,  however, f a c e  t h e  common 
problem o f  p rocu r ing  economical sup-  
p l i e s  of  t imber .  

Where raw m a t e r i a l s  a r e  a  l a r g e  
component o f  t o t a l  c o s t s ,  a s  they  a r e  
i n  t h e  f o r e s t  i n d u s t r i e s ,  i t  i s  most 
impor tan t  t o  save  on raw m a t e r i a l  c o s t  
t o  i n c r e a s e  e f f i c i e n t  p roduc t ion  s i z e .  
This  can be  done by i n c r e a s i n g  t h e  
y i e l d  of  f i n a l  product  from a  given 
amount o f  raw m a t e r i a l  i n p u t - - s u c h  a s  
computerized sawing,  lamina ted  lumber,  
and thermomechanical pu lp ing ;  o r  by 
developing a l t e r n a t i v e  p roces s  r o u t e s  
which u t i l i z e  cheaper  raw m a t e r i a l s  t o  
produce t h e  same product -  - f o r  ins tance ,  
whole t r e e  ch ips  and l o g  a l l o c a t i o n  a t  
wood p roces s ing  complexes. 

The development of  i n t e g r a t e d  wood 
p roces s ing  complexes i n  p a r t i c u l a r  
p r e s e n t s  t h e  oppor tun i ty  not  on ly  t o  
save  on raw m a t e r i a l  c o s t s  b u t  t o  ex-  
pand product  va lues .  Complexes can 
a l l o c a t e  t hose  p o r t i o n s  of t h e  t r e e  t o  
p r o c e s s e s  t h a t  maximize t h e  n e t  va lue  
p e r  t r e e .  Moreover, t h e  ou tpu t  mix 
can be r e a d i l y  a d j u s t e d  accord ing  t o  
r e l a t i v e  p r i c e  changes i n  p roduc t  
markets .  

The a b i l i t y  of complexes t o  p roces s  
whole t r e e s  of  a l l  s i z e s  o f f e r s  o t h e r  
advantages .  I t  enab le s  more e f f e c t i v e  
compet i t ion  f o r  open market t imber  
than  a  n o n i n t e g r a t e d ,  s i n g l e  product  
f i r m  t h a t  can only  c s e  a  l i m i t e d  po r -  
t i o n  o f  t h e  r e sou rce .  These complexes 
a r e  a l s o  w e l l  s u i t e d  t o  mechanized 
t r e e - l e n g t h  o r  f u l l - t r e e  logging  and 
t h e  economies t h a t  can be achieved  
from h a r v e s t i n g  a l l  t r e e s  i n  one oper -  
a t i o n .  In  e f f e c t ,  t hey  o f f e r  t h e  b e s t  
o p p o r t u n i t i e s  f o r  more complete t r e e  
u t i l i z a t i o n .  

Complexes and o t h e r  l a r g e  i n s t a l l a -  
t i o n s ,  of  cou r se ,  r e q u i r e  l a r g e  vo l -  
umes o f  raw m a t e r i a l .  The disecono- 
mies a s s o c i a t e d  w i t h  managing and h a r -  
v e s t i n g  s m a l l ,  fragmented f o r e s t  
t r a c t s  a r e  o f t e n  c i t e d  a s  a  major ob- 
s t a c l e  t o  i n c r e a s i n g  sou the rn  wood 
s u p p l i e s .  However, i t  has  been p o i n t -  
ed ou t  t h a t  most p r o j e c t e d  needs can 
be met by c o n c e n t r a t i n g  f o r e s t  manage- 
ment e f f o r t s  on 100 m i l l i o n  ac re s  o f  
t h e  b e s t  l ands  o f  t h e  most respons ive  
p u b l i c  and p r i v a t e  owners (11).  But a  
v a r i e t y  of programs w i l l  be needed f o r  
i n t e n s i v e  f o r e s t  management t o  be 
p r a c t i c e d  on t h e s e  l a n d s ,  Some of  t h e  
i n s t i t u t i o n a l  arrangements designed 
f o r  managing fragmented hold ings  a r e  
i n d u s t r i a l  l e a s i n g ,  t r e e  farm fami l ies ,  
c o n s u l t i n g  f o r e s t e r s ,  and i n c e n t i v e  
payment programs. Other  approaches 
have a l s o  been sugges t ed  and w i l l  be 
needed (10, 16 ) .  

In  conc lus ion ,  t h e  i n g r e d i e n t s  f o r  
l a r g e - s c a l e  product ion  wi th  d e c l i n i n g  
c o s t s  p e r  u n i t  i nc lude  l a r g e - s c a l e  
c a p i t a l  inves tment ,  t h e  presence of  
s k i l l e d  l a b o r  and modern technology,  
t h e  a v a i l a b i l i t y  of  raw m a t e r i a l s ,  t h e  
energy t o  o p e r a t e ,  and s u f f i c i e n t  
market demand. While any of  t h e s e  
f a c t o r s  may a t  t imes be an o p e r a t i v e  
c o n s t r a i n t  a f f e c t i n g  f u t u r e  t r ends  i n  
s i z e ,  p r o s p e c t i v e  t imber  s u p p l i e s  a r e  
t h e  most impor tan t  f o r  t h e  long run.  
A f u t u r e  p i c t u r e  of t h e  South p r e s e n t s  
an image of comparat ive advantage 
enjoyed by l a r g e  v e r t i c a l l y  i n t e g r a t e d  
producing u n i t s  a s  a  r e s u l t  of econo- 
mies of  s c a l e  i n  t h e  r e g i o n ' s  f o r e s t  
r e sou rces .  But i f  p rospec t s  a r e  t o  
become r e a l i t y ,  con t inu ing  i n t e n s i f i -  
c a t i o n  of f o r e s t  l and  management i s  a  
mus t . 
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