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PREFACE 
T h i s s t u d y o f the t i m b e r r e s o u r c e o f the wes te rn N i n t h 

d is t r i c t w i l l f o c u s g e o g r a p h i c a l l y on the t i m b e r e d sec tors 

of M o n t a n a a n d o n the B l a c k H i l l s o f wes te rn S o u t h 

D a k o t a . In f i rst d e s c r i b i n g the d i s t r i c t ' s t i m b e r i n d u s t r y 

a n d then a p p r a i s i n g p rospec t s f a c i n g the i n d u s t r y , we 

s h a l l f o l l ow the t r a d i t i o n a l a p p r o a c h to r e g i o n a l s t ud ies . 

Bu t in a d d i t i o n , we s h a l l d i s c u s s the b r o a d e r t h e o r e t i c a l 

p r o b l e m s that r e s o u r c e a l l o c a t i o n a n d c o n s e r v a t i o n pose 

f o r the n a t i o n ' s e c o n o m y . A l t h o u g h th is t o p i c w i l l be 

t reated sepa ra te l y i n the final sec t i on o f the repo r t , the 

concep t s o f r e s o u r c e a l l o c a t i o n t heo ry w i l l a p p e a r 

t h r o u g h o u t the e a r l i e r sec t i ons a n d w i l l i n f l uence espec i 

ally the f r a m e w o r k w i t h i n w h i c h the d e s c r i p t i v e m a t e r i a l 

is p resen ted . 

T h e a u t h o r a c k n o w l e d g e s the ass is tance o f m a n y pe r 

sons i n i n d u s t r y a n d g o v e r n m e n t , as w e l l as the d i r ec t a n d 

i n d i r e c t c o n t r i b u t i o n g i v e n b y the s o u r c e m a t e r i a l s c i t e d 

i n the re fe rences . T h e r e p o r t was r e v i e w e d b y i n d i v i d u a l s 

i n the F o r e s t S e r v i c e , in p r i v a t e i n d u s t r y a n d i n o ther 

in teres ted o r g a n i z a t i o n s ; t he i r v a l u a b l e h e l p is a c k n o w l 

e d g e d , but they o f c o u r s e s h a r e n o r e s p o n s i b i l i t y f o r c o r 

rectness o f fac ts o r s o u n d n e s s o f i n t e r p r e t a t i o n s pu t f o r t h 

i n th i s r epo r t . 
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I TIMBER RESOURCES OF THE NINTH DISTRICT WEST: 

PHYSICAL AVAILABILITY 

It's been s a i d that the Wes t b e g i n s at the h u n d r e d t h 

m e r i d i a n . F o r a look at the Wes t i n the N i n t h F e d e r a l 

Reserve d i s t r i c t , the M i s s o u r i r i v e r m a k e s a bet ter j u m p -

ong off p lace . I-et's m a k e that j u m p a n d t r ave l w e s t w a r d — 

in i m a g i n a r y f l ight o f c o u r s e — f o r a q u i c k s c o u t i n g of 

the r e g i o n o f o u r s tudy . 

T h e l and we s k i m as we set out l ies Hooded in the sor t 

of e y e - s q u i n t i n g t reeless b r i g h t n e s s that m a r k s m u c h o f 

ou r d i s t r i c t ' s western s p a n . Bu t enter the West a n d c r o s s 

i t ; M u i ' l l soon meet b r o a d up l i f t s w i t h d a r k c l o a k i n g s o f 

forest . T h e f irst of these a p p e a r s so d a r k l y s t r uck f r o m 

br igh t s u r r o u n d i n g s that it bea rs the n a m e . Black Hills. 

M o v e now a c r o s s southeast M o n t a n a ' s s u n b r i g h t . a r i d 

expanse . Y o u ' l l spot in q u i c k success ion ( w i t h he lp , per 

haps , f r o m the i ns i de - cove r m a p I m a n y i s l a n d s o f t i m b e r 

perched on h i l l s a n d e leva ted l a n d s . T o be s u r e , s o m e o f 

these patches o f p i n e s t rugg le to ex i s t i n t oeho lds o f for 

ests so scant a n d o p e n that fores ters p r e f e r to c a l l t hem 

"wood lands . ' Ye t . in f a v o r e d p laces , t h i c k forests g r o w 

here, too . 

C o n t i n u e on o u r w e s t w a r d c o u r s e . S o o n i n t o v i e w 

a r i s e the f ront ranges of the R o c k i e s , a b r u p t a n d t a l l — 

the B i g h o r n s , the C r a z y s . the B e l t s , a n d the B e a r P a w s — 

a n d . b e y o n d , the R o c k i e s 1 k n o b b y b a c k b o n e s that he re a n d 

there p o k e b a r r e n r o c k a b o v e the b r i s t l i n g g r e e n c o v e r 

of forest . A h e a d l ies m o r e fo res t , d e n s e r a n d b r o a d e r , 

w i t h m u c h of it s t i l l r emo te a n d d i f f icu l t o f access. 

C r o s s the c o n t i n e n t a l d i v i d e . L e a v e the M i s s o u r i r i v e r 

d r a i n a g e , a n d enter the C o l u m b i a b a s i n o v e r m o u n t a i n 

r i dges a m i l e o r two a b o v e sea l eve l . T r e e s no l onge r 

g r o u p themselves in sepa ra ted i s l a n d s p a r t e d by b r o a d , 

dry valleys as was the pat te rn to the east . B y the t i m e we 

reach M o n t a n a ' * nor thwest c o r n e r , the forest l ooks to be 

an a lmost c o n t i n u o u s b lanke t . 

T h i s . t hen , is the forest whose use is the sub jec t of o u r 

s t u d y — a store of w o o d that s tands c a t h e d r a l t a l l ( o r i n 

p laces c h o k e d a n d s t u n t e d ) . If i t ' s a s to re , then he re ' s 

the k e y : t rees a re l i v i n g t h i ngs that g r o w a n d d i e a n d 

a re c o n s u m e d — i f not by m a n . by na tu re . T h e s p r e a d of 

t i m b e r we 've s u r v e y e d in o u r i m a g i n a r y w e s t w a r d sweep 

may wel l have he ld th i s same g r e e n pa t t e rn f o r cen tu r i es 

be fo re m a n c a r v e d i n to t hem d e e p l y f o r h is o w n needs. 

Bu t even t h e n , be fo re m a n ' s r e l a t i v e l y recen t i m m i g r a t i o n , 

the forest w a s not at r e s t — f o r fires b u r n e d w h e n l i g h t n i n g 

s t r u c k , a n d insec ts , ro t . a n d s t r a n g l i n g m is t l e toe k i l l e d . 

T r e e s d e c a y e d a n d d i e d — a n d new trees s p r a n g u p even 

b e f o r e s c a r r e d c a r c a s s e s o f o l d ones f u l l y fled the i r 

g r o u n d . 

T h e forest is thus a t h i n g o f i n e v i t a b l e c h a n g e . C h a n g e , 

too, c h a r a c t e r i z e s the i n d u s t r y bu i l t a r o u n d the p r o c e s s i n g 

of w o o d . M u c h o f o u r s t o r y , in fac t , is a c h r o n i c l e o f 

c h a n g e — p a s t a n d p r o s p e c t i v e . O u r first t ask , h o w e v e r , is 

to de f y th is c h a n g e a n d d r a w a ' s t i l l 1 p i c t u r e o f the re

g i o n ' s forest t o d a y . L e t us t u rn then to e x a m i n e the p h y s 

i c a l c h a r a c t e r a n d d i m e n s i o n s o f the r e g i o n ' s t i m b e r 

r esou rce . 

THE REGION'S FORESTS: 
HOW MUCH AND HOW GOOD? 

T h e fo res ts of the N i n t h D i s t r i c t ' s W e s t c o n t a i n s o m e 

16 m i l l i o n ac res o f western s o f t w o o d s , a b i g w o o d y a r d , 

i n d e e d . T h e quanti ty of t i m b e r p h y s i c a l l y a v a i l a b l e fo r 

p r o c e s s i n g f r o m th is vast ac reage is e x t r e m e l y l a rge . 

F o r e s t i n v e n t o r y figures p r e p a r e d by the F o r e s t S e r v i c e 

of the U n i t e d States D e p a r t m e n t o f A g r i c u l t u r e w i l l g i v e 

us v a r i o u s m e a s u r e s of the p h y s i c a l d i m e n s i o n s of the 

r e s o u r c e a n d s o m e c lue to i ts m a x i m u m a v a i l a b i l i t y . B u t 

n u m b e r s a l o n e d o not m e a n m u c h . F i r s t we must have 

s o m e b a c k g r o u n d i n f o r m a t i o n a b o u t the va r i e t y a n d 

q u a l i t y o f o u r w o o d resou rces . 

S o m e t i m e s f o r c o n v e n i e n c e we w i l l d i s c u s s the r e g i o n ' s 

forest r e s o u r c e as i f i t we re a s i n g l e c o m m o d i t y m e a s u r 

ab le by a s i n g l e v o l u m e figure. Bu t w o o d a n d forests are 

ac tua l l y ve ry he te rogeneous t h i n g s . In f a c t , w o o d ' s p h y s 

i c a l p r o p e r t i e s ( c o l o r , s t r e n g t h , a n d a hos t of o ther fea

tu res) a n d its c o n s e q u e n t s u i t a b i l i t y f o r v a r i o u s uses m a ) 

d i f f e r f r o m one par t o f a s i n g l e t ree to a n o t h e r — f r o m 

sapwood to heartwood, a n d e v e n f r o m the d a r k e r , denser 

summerwood par t of each g r o w t h r i n g to the a d j o i n i n g 

l i gh te r springwood. B u t o f g rea te r c o m m e r c i a l i m p o r t a n c e 

is the v a r i a t i o n i n q u a l i t y be tween d i f f e r e n t spec ies . 

G e o g r a p h y i s i m p o r t a n t t o o : s tands of a g i v e n spec ies 

g r o w n on m o r e wes te r l y s i tes i n o u r d i s t r i c t tend to be o f 

h i g h e r q u a l i t y , in g e n e r a l , t han s tands of the same spec ies 
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g r o w n o n d r i e r , m o r e eas te r l y s i tes. O u r best s tands , i n 

t u r n , usua l l y r a n k b e l o w those g r o w n o n P a c i f i c coas ta l 

s i tes . T h i s s i te- to-s i te v a r i a t i o n a lso m a y show a loca l 

c h a r a c t e r : w o o d f r o m the s a m e spec ies cu t f r o m o l d 

g r o w t h ( v i r g i n ) fo res ts tends to be s t r o n g e r , c loser -

r i n g e d , d e n s e r a n d m o r e u n i f o r m than does its coun te r 

pa r t i n s e c o n d - g r o w t h s t a n d s n e a r b y — o r even on the 

s a m e s i te at d i f f e ren t p o i n t s i n t i m e . 

FOREST SPECIES AND THEIR 
GEOGRAPHIC OCCURRENCE 

F i g u r e 1 p o r t r a y s the g e o g r a p h i c d i s t r i b u t i o n o f non -

rese rved commercial f o res t l a n d in the r e g i o n . S u c h l a n d 

e x c l u d e s abou t 6 m i l l i o n ac res o f fo res t i n w h i c h c u t t i n g 

m a y not l ega l l y t ake p l a c e ( n a t i o n a l p a r k s a n d w i l de rness 

a reas ) a s we l l as a d d i t i o n a l ac res of spa rse o r di f f icult 

fo res t l a n d s not r e g a r d e d a s h a v i n g c o m m e r c i a l usefu lness 

a s sou rces o f t i m b e r . A l l th is so -ca l l ed c o m m e r c i a l forest 

l a n d is f o u n d i n the m o i s t e r v a l l e y s o r on e levated si tes. 

T h e n e a r l y 16 m i l l i o n ac res is s t o c k e d a lmost en t i re l y i n 

wes te rn s o f t w o o d spec ies o r c o n i f e r s . S o m e h a r d w o o d s o r 

d e c i d u o u s t rees ( s u c h a s c o t t o n w o o d a l o n g the r i v e r 

b o t t o m s a n d a s p e n i n the m o u n t a i n v a l l e y s ) g r o w there, 

but these a re i n s i g n i f i c a n t c o m m e r c i a l l y . 

T h e s o f t w o o d fores ts c o n t a i n five p r i n c i p a l s p e c i e s : 

Ponderosa pine (Pinus ponderosa) 
Lodgepole pine (Pinus contorla var latifolia) 
Douglas-fir (Pseudotsuga menziesii var glauca)* 
Western larch (Larix occidentalis) 
Engelmann spruce iPicea engelmanni) 

'The hyphenated spelling of Douglas-fir is commonly used to indicate 
that it is not a true fir; it is a separate species, closely related to 
hemlock 

A l t h o u g h m a n y o ther s p e c i e s ex is t , the five above c o m 

p r i s e 9 4 percen t of t i m b e r v o l u m e in the r e g i o n ' s fores ts . 

W e w i l l t he re fo re d i s c u s s the r e g i o n a l o c c u r r e n c e o f these 

five s p e c i e s , i n th ree m a j o r a r e a s : (1 I the B l a c k H i l l s , 

( 2 ) M o n t a n a east o f the c o n t i n e n t a l d i v i d e , a n d (3 ) M o n 

tana west o f the c o n t i n e n t a l d i v i d e . 

FORESTS OF THE BLACK HILLS 
F o r e s t s o f the B l a c k H i l l s , f o r p r a c t i c a l p u r p o s e s , c o n 

s ist o f p u r e s tands o f a s i n g l e s p e c i e s — p o n d e r o s a pine. 

P o n d e r o s a p i n e i s the p r e m i u m spec ies a m o n g the m a j o r 

spec ies c o n s i d e r e d here . I n the forest the m a t u r e p o n 

d e r o s a p i n e i s a d i s t i n c t i v e t ree, w i t h o r a n g e - b r o w n b a r k 

i n l a r g e p la t y sec t ions a n d c lus te rs o f ve ry l o n g needles. 

It c a n g r o w to 150 feet i n he igh t w i t h t r u n k d i ame te r s of 

2 o r m o r e feet, a l t h o u g h n o r m a l l y it does not r e a c h that 

s ize i n the B l a c k H i l l s . O n e of the most w i d e s p r e a d spe

c ies i n the W e s t , p o n d e r o s a tends to o c c u p y open o r park -

l i k e s tands a n d to f a v o r s o u t h s l opes a n d l o w e r e leva t ions . 

P o n d e r o s a p i n e has been o n e o f the mos t i m p o r t a n t spe

c i e s fo r l u m b e r , i ts l ogs o f ten b e i n g cu t i n to finish o r 

s h o p l u m b e r . T h e w o o d p r o p e r t i e s that m a k e it su i t ab le 

Kootenai National Forest, northwestern Montana 
U.S. Forest Service Photo 



Timber resources: physical availability 

f o r such h i g h - v a l u e uses i n c l u d e : s m o o t h , u n i f o r m g r a i n , 

eas\ w o r k a b i l i t y w i t h h a n d too ls , a n d the a b i l i t y to take 

na i l s a n d f in ishes w e l l . P o n d e r o s a p i n e has been i m p o r t a n t 

as a l u m b e r l og a lmos t e v e r y w h e r e i n the d i s t r i c t , i ts v a l u e 

" o n the s t u m p " e x c e e d i n g that of o ther m a j o r s p e c i e s . 

FORESTS OF EASTERN MONTANA 
Sou theas te rn M o n t a n a ' s fo res ts a re mos t l y i s l a n d s o f 

p o n d e r o s a p i n e — l i k e the B l a c k H i l l s , o n l y s m a l l e r a n d 

usua l l y less dense. S o m e o f the a reas m a r k e d on F i g u r e 1 

are ba re l y 25 percent fo res ted . B e g i n n i n g in the P r y o r 

a n d Bea r t oo th M o u n t a i n s , s o m e w h e r e sou th of B i l l i n g s 

a n d then w e s t w a r d , the first i m p o r t a n t s tands o f lodgepole 

pine c a n be f o u n d . 1 L o d g e p o l e p i n e is by fa r the most 

a b u n d a n t t ree i n eas te rn M o n t a n a . A s m a l l t ree, even at 

m a t u r i t y , it g r o w s t y p i c a l l y i n dense , t ight s tands , o f ten 

r e p l a c i n g a bu rned -ou t s tand o f s o m e o ther spec ies . 

C r o w d i n g m a y h o l d the a v e r a g e tree to a d i a m e t e r o f 8 o r 

12 inches a n d a he igh t of 5 0 to 75 feet. M u c h l i k e p o n 

de rosa p i n e in s t r eng th , c o l o r , a n d tex tu re , l o d g e p o l e 

w o o d has the a d d e d advan tages o f n a r r o w r i n g s a n d s m a l l 

kno ts . Bu t . m a i n l y because o f its s m a l l s i ze , it has h a d 

the least c o m m e r c i a l va lue o f a n y of the five spec ies de 

s c r i b e d here. In sp i te of t h i s s ize d r a w b a c k , the a b u n d a n t 

l odgepo le p i n e has been the focus o f i m p o r t a n t s a w m i l l 

e x p a n s i o n in the past decade . 

T h e t h i r d p r i n c i p a l spec ies met i n eas te rn M o n t a n a is 

Douglas-fir. M o n t a n a ' s mos t i m p o r t a n t t ree i n t e r m s of 

t i m b e r v o l u m e . It o f ten g r o w s i n m i x e d s tands a n d c a n 

reach a ra the r s u b s t a n t i a l s i z e — u p to 3 o r m o r e feet i n 

d i a m e t e r a n d u p to 2 0 0 feet i n he igh t . B e c a u s e o f i ts 

re la t i ve s t reng th , s t r a i gh tness , a n d n a i l - h o l d i n g a b i l i t y , 

it is c h i e l K a s t r uc tu ra l w o o d a n d mos t o f ten i s s a w e d 

in to dimension' s tock . In m a n y areas D o u g l a s - f i r i s a l so 

the most i m p o r t a n t s o f t w o o d used f o r venee r a n d p l y w o o d , 

but in eas te rn M o n t a n a th is spec ies tends to be too k n o t t y . 

D o u g l a s - f i r s h o w s great r e g i o n a l d i f f e rences in c h a r 

ac ter is t i cs . In fac t , the t rees g r o w n a l o n g the wes te rn 

s lopes o f the C a s c a d e s reach d i a m e t e r s of o v e r 15 feet 

a n d he igh ts o v e r 3 0 0 feet, a n d i n c o m m e r c i a l use m i g h t 

be d i s t i n g u i s h e d a lmos t as a sepa ra te spec ies ( t h o u g h 

b o t a n i c a l l y they a re no t ) f r o m the D o u g l a s - f i r of the d r i e r 

'These mapped areas of species indicate the predominant forest 
type. The usual criterion is that the particular species named 
represent mine than 50 percent of the acreage of forest in the 
area mapped. Sonic species, such as lodgepole, tend to grow in 
fairly pure continuous stands; that is. an area of several acres 
or more will contain only one species. Other species at other 
locations may be highly intermixed, a variety of them growing 
within a few feet of one another. 

-Lumber can be loosely classified into two quite general categories 
from the standpoint of marketing and usage: (a) dimension con
sists mostly of 2-inch lumber, from 2 " x 3 " to 2 " x l 4 " in cross 
section and is used, for example, in forming the structural skel
etons of houses; (b) boards or 1-inch lumber measuring from 
l " x 2 " to l " x l 2 " in cross section, is used, for example, as siding, 
subflooring. and subroofing nailed onto the skeleton of dimension 
lumber. 

F i g u r e 1 — D i s t r i b u t i o n o f c o m m e r c i a l f o r e s t 

l a n d b y d o m i n a n t s p e c i e s 

LODGEPOLE PINE LARCH 

DOUGLAS - FIR ENGELMANN SPRUCE 
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reg ions to the east . T a b l e 1 i n d i c a t e s a f ew c o m p a r a t i v e 

d i f f e rences in a v e r a g e p r o p e r t i e s of D o u g l a s - f i r a m o n g 

the th ree b r o a d p r o d u c i n g a reas . 

T A B L E 1 - C O M P A R A T I V E W O O D P R O P E R T I E S O F 
D O U G L A S - F I R G R O W N IN T H R E E DIFFER
E N T R E G I O N S 

REGION 
PROPERTY Inter Rocky 

(air dry to 12% Coastal mediate Mountain 
moisture 1 type type type 

DENSITY 
lbs. per cu. ft. 34 31 30 

MODULUS OF RUPTURE 
lbs. per sq. in. 12.200 11.200 9.600 

M A X I M U M CRUSHINC 
STRENGTH 

lbs. per sq. in. 7,-130 6,720 6,060 
'Coastal type includes Washington and Oregon west of the Cascade 
mountains. Intermediate type includes eastern Washington and 
Oregon, northern Idaho, and western Montana. Rocky Mountain in
cludes Montana east of the continental divide. Wyoming and other 
states 

Source Forest Service[40] 

FORESTS OF WESTERN MONTANA 
In the c o m p a r a t i v e l y s m a l l q u a r t e r o f M o n t a n a west 

o f the c o n t i n e n t a l d i iv ide. we find the th ree spec ies we have 

p r e v i o u s l y met i n m o r e eas te r l y l o c a t i o n s — 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 , a n d D o u g l a s - f i r : a n d in a d d i t i o n 

we meet the first i m p o r t a n t s tands o f t w o new ones . T h e 

b r o a d r e g i o n a l i m p r i n t on each of these spec ies is ev i den t 

i n the p resence of m o r e o f the l a rge -s i ze t rees a n d m o r e 

p r o d u c t i v e s i tes . 

Western larch is so s i m i l a r i n s t r eng th a n d o the r w o o d 

p r o p e r t i e s to the D o u g l a s - f i r o f wes te rn M o n t a n a that the 

t w o spec ies a re f r e q u e n t l y cu t toge ther a n d m a r k e t e d 

u n d e r the s i n g l e n a m e ' D o u g l a s F i r - L a r c h . ' L a r c h fre

q u e n t l y g r o w s in m i x e d s tands w i th D o u g l a s - f i r , r e a c h i n g 

he igh ts u p to 2 0 0 feet w i t h d i a m e t e r s to 5 feet. T h e l a r c h 

tree ( l i k e its eas te rn c o u s i n , the t a m a r a c k I d r o p s i ts l acy , 

ye l l ow -g reen fo l i age each fa l l a n d r e g r o w s it a g a i n in the 

s p r i n g . T h e w o o d is ve ry s t r o n g a n d , f o r a s o f t w o o d , very 

h e a v y . In a d d i t i o n to its w i d e use i n g e n e r a l c o n s t r u c t i o n , 

l a r c h is a f requen t s o u r c e o f ta l l po les a n d has recent ly 

b e c o m e a n i m p o r t a n t p l y w o o d spec ies i n western 

M o n t a n a . 

Eiigeliiiaim spruce, w h i c h r a n k s fifth i n total w o o d 

v o l u m e i n d i s t r i c t fo res ts , has no t been used i n l a rge 

v o l u m e un t i l recent ly because i ts af f in i ty fo r h i g h , mois t 

m o u n t a i n b a s i n s has m a d e it r e la t i ve l y i naccess ib l e to 

l o g g i n g . F n g e l m a n n s p r u c e is o f m o d e r a t e s ize i t o 130 

feet i n he igh t , 3 feet i n d i a m e t e r ) , c a r r i e s dense b lue-

g r e e n f o l i a g e , a n d g r o w s bo th in p u r e s tands a n d m i x e d 

w i t h o ther spec ies . T h e w o o d is l i gh te r a n d less s t rong 

t han that of the o ther spec ies d i s c u s s e d , a l t h o u g h it i s 

one o f the s t ronges t f o r i ts we igh t . S p r u c e has qua l i t i es 

u s e f u l as d i m e n s i o n w o o d i n r o u g h c o n s t r u c t i o n o r as 

b o a r d s i n i n t e r i o r finish. S o m e p r o p e r t i e s o f the five spe

c ies are s u m m a r i z e d i n T a b l e 2 . 

RELATION TO 
SURROUNDING FOREST REGIONS 

T h e i n s i d e - c o v e r m a p m a k e s it d e a r that o u r s tudy 

a rea c o n s i s t i n g of the B l a c k H i l l s a n d the M o n t a n a R o c k 

ies h a s been c u t out s o m e w h a t a r b i t r a r i l y . Fo res t c o v e r 

c o n t i n u e s i n n a t u r a l e x t e n s i o n s i n to s u r r o u n d i n g states 

a n d p r o v i n c e s in the N o r t h e r n R o c k y M o u n t a i n a n d P a 

c i f i c N o r t h w e s t r e g i o n s . In fac t , the 16 m i l l i o n acres of 

c o m m e r c i a l fo res t l a n d i n o u r r e g i o n represent o n l y a 

T A B L E 2 - S E L E C T E D P H Y S I C A L P R O P E R T I E S O F W O O D F R O M F IVE M A J O R L U M B E R S P E C I E S 

PROPERTY 1 

DENSITY 
lbs. per cu. ft. 

STATIC BENDINC S T R E N C T H 3 

lbs. per sq. in. 
IMPACT BENDINC S T R E N C T H ' 

foot drop 
M A X I M U M CRUSHINC STRENGTH' ' 

lbs. per sq. in. 

HARDNESS'' 

EASE OF WORKING WITH H A N D TOOLS 

PAINTING PROPERTIES 7 

WOOD COLOR 

its diameter in side grain. 
Source Forest Service [40]. 

PONDEROSA 
PINE 

LODGEPOLE 
PINE 

DOUCLAS-
FIR-

WESTERN 
LARCH 

ENGELMANN 
SPRUCE 

28.6 29 2 31 8 39.4 24.1 

6300 6700 7400 8300 5500 

17 20 27 35 18 

5270 5370 6720 8110 4770 

450 480 600 830 350 

easy medium difficult difficult easy 

group 3 group 3 group 4 group 4 group 3 

orange to light 
reddish reddish 
brown brown 

2 percent moisture content. 

orange-
red to red, 
sometimes 

yellow 
-Intermediate type. 

russet nearly 
to reddish white 

brown 

:'Fiber stress at proportional limi 
"Compression parallel to grain. "Load required to embed a 0.444-inch ball to V2 

r Croup 3 does not hold paint as well as Groups I and 2 ; Croup 4 not as well as Croup 3. 
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Timber resources: physical availability 

T A B L E 3 - C O M M E R C I A L F O R E S T L A N D A N D T I M B E R 
D E N S I T Y B Y R E G I O N , M I D - 1 9 5 0 S 

C O M M E R C I A L DENSITY 
FOREST L A N D (cubic feet 

REGION (millions of acres) per acre) 
Oregon-Washington. Coastal 255 4.440 
British Columbia. Coastal 15.3 4,360 
California. Coastal 7 4 4,100 
California, Inland 9 9 3,660 
Oregon-Washington, Inland 199 1.660 
Idaho 13.4 1.590 
British Columbia, Interior 55.6 1,470 
Wyoming 3 5 1,180 
Alberta 68.4 1,040 
Western Montana 9 6 

6.1 
1.030 

Eastern Montana 
9 6 
6.1 1,020 

Black Hills 1.3 1,020 

Source Forest Service [20] [39], Guthrie [32], Davis [28] 

s m a l l f r ac t i on o f the t i m b e r r e s o u r c e of the n o r t h w e s t e r n 

U n i t e d States. T h e P a c i f i c N o r t h w e s t states o f W a s h i n g t o n 

a n d O r e g o n accoun t f o r a b o u t o n e - f o u r t h o f the n a t i o n ' s 

t i m b e r cut . T h e s e two states, r e p r e s e n t i n g the n a t i o n ' s 

ch i e f r e s e r v o i r of s o f t w o o d s a w t i m b e r , c a n n o t h e l p but 

d o m i n a t e the l a rge r r e g i o n a l p i c t u r e . In o u r d i s t r i c t t i m 

ber s tands c o n t a i n s m a l l e r trees a n d o n l y one - fou r t h to 

one - th i rd the w o o d v o l u m e p e r a c r e f o u n d on the W e s t 

Coas t (see T a b l e 3 ) j in a d d i t i o n o u r c o m m e r c i a l l y usab le 

t i m b e r m a y have m u c h m o r e u n u s u a b l e t i m b e r in te r 

spersed w i th it, m a k i n g it m o r e cos t l y to l o g . T h e s e fac 

to rs , together w i t h f a v o r a b l e f r e igh t rates f o r s h i p m e n t s 

f r o m coas ta l sou rces , l ed to ea r l y ex tens i ve d e v e l o p m e n t 

o f Wes t Coas t a reas , w h i l e m a n y forest expanses i n the 

N o r t h e r n R o c k y M o u n t a i n r e g i o n we re b e i n g b y - p a s s e d 

as e c o n o m i c a l l y una t t r ac t i ve . S i g n s p o i n t to s o m e re

d r e s s i n g of the b a l a n c e , as we s h a l l see la ter . 

DIMENSIONS OF THE 
TIMBER RESOURCE 

1. TIMBER AS A STOCK RESOURCE 
I n m e a s u r i n g the po ten t i a l r esou rce base, we w i l l find 

it use fu l to l o o k at the d i s t r i c t ' s fo res t f r o m three d i f f e ren t 

v i e w p o i n t s : as a stock r e s o u r c e ( d e p l e t a b l e ) , as a flow 

resource I r e n e w a b l e ) , a n d as a p r o d u c t i o n process. W e ' l l 

s tar t first w i t h the s tock v i e w p o i n t . 

T i m b e r q u a n t i t y i s m e a s u r e d i n un i t s o f v o l u m e ( ra the r 

t han of w e i g h t ) . T w o p r i n c i p a l un i t s o f m e a s u r e m e n t a re 

u s e d , the cubic foot a n d the board foot B r i e f l y s u m m a r 

i z e d , cubic fool es t imates o f t ree v o l u m e a re a p p l i e d to 

g r o w i n g stock ' 1 a n d i n c l u d e a l l the w o o d i n the c y l i n d r i c a l 

p o r t i o n of the m a i n tree s tem f r o m s t u m p h e i g h t to a 

d iame te r o f a b o u t f o u r i n ches u n d e r the b a r k . Board fool 

est imates a re a p p l i e d o n l y to saw t imbe r ' 1 t rees a n d f u r t h e r 

m o r e m e a s u r e a c o n s i d e r a b l y s m a l l e r p o r t i o n o f the w o o d 

i n the tree, r a n g i n g f r o m a b o u t 3 0 to a b o u t 6 0 pe rcen t 

o f the m e a s u r e d c u b i c foo tage , d e p e n d i n g on tree s ize . 

T h e p o r t i o n m e a s u r e d is the a p p r o x i m a t e a m o u n t o f w o o d 

that ends u p in l u m b e r a f te r losses in l o g g i n g a n d s a w i n g 

a r e a c c o u n t e d f o r . E v e n s o , t h i s es t imate u s u a l l y u n d e r 

states by seve ra l pe rcen tage p o i n t s , the a c t u a l b o a r d foot 

v o l u m e of l u m b e r cu t , w h e n m e a s u r e m e n t s a re m a d e o n 

the l u m b e r ac tua l l y c o m i n g out o f the s a w m i l l . ' 1 T h e 

f o r m e r q u a n t i t y m u s t be d i s t i n g u i s h e d f r o m the l a t t e r ; 

the f o r m e r m e a s u r e w i l l be d e s i g n a t e d board feet, log 

scale w h i l e the la t te r w i l l be board feet, lumber tally. 

It is i m p o r t a n t first, to b e a r i n m i n d the p a r t i c u l a r sca le 

in w h i c h w o o d v o l u m e es t imates a r e e x p r e s s e d , a n d sec

o n d , to rea l i ze tha t o n l y c e r t a i n a p p r o v e d p o r t i o n s o f 

c e r t a i n e l i g i b l e t rees a r e i n c l u d e d . 

Estimated standing volume of timber 

T h e to ta l p h y s i c a l v o l u m e of s o f t w o o d s i n the wes te rn 

N i n t h d i s t r i c t , u n d e r the c o n v e n t i o n s i n m e a s u r e m e n t we 

have j us t d i s c u s s e d , is es t ima ted to have b e e n 17 b i l l i o n 

c u b i c feet at the b e g i n n i n g o f 1953 . In 1 9 5 6 a p p r o x i 

ma te l y 180 m i l l i o n c u b i c feet o f w o o d w e r e r e m o v e d 

f r o m these fores ts f o r v a r i o u s uses b y m a n . I f the fo res ts 

we re to be c o n s i d e r e d a fixed, m i n a b l e s o u r c e o f w o o d , 

t he i r i n v e n t o r y w o u l d a m o u n t to a b o u t a 9 5 - y e a r s u p p l y 

at c u r r e n t ra tes o f r e m o v a l . 

O v e r h a l f the m e a s u r e d v o l u m e l i es west of the c o n 

t i nen ta l d i v i d e i n M o n t a n a w h e r e , as T a b l e 4 s h o w s , 

D o u g l a s - f i r a n d l a r c h a re the l e a d i n g s p e c i e s . V o l u m e 

T A B L E 4 - D I S T R I B U T I O N O F S O F T W O O D T I M B E R 
V O L U M E S O N L IVE T R E E S F I V E I N C H E S 
A N D L A R G E R IN D I A M E T E R B Y S P E C I E S 
A N D S U B R E G I O N , J A N U A R Y 1, 1 9 5 3 

SPECIES VOLUMES IN MILL ION CUBIC FEET 
Western Eastern Black 
Montana Montana Hills 

Ponderosa pine 1.581 650 1,260 
Lodgepole pine 997 3,080 
Douglas-fir 2,589 2.095 
Western larch 2,390 
Engelmann spruce 819 565 27" 
Other softwoods 696" 433 

Total A l l Species 9,072 6,823 1,287 

•Black Hills spruce (actually white spruce, Picea glauca var 
albert iana I. 

h lncludes 232 million 
monticola, and 253 m 
and A . grandis. 

Source: Forest Service [39] [20]. 

cubic feet of western white pine, Pinus 
lion cubic feet of true firs, Abies lasiocarpa 

^Growing slock is defined to include all live trees (except cul l 
trees) 5 inches and larger in diameter at breast height (d.b.h.). 
Sawtimber has been defined to include all live trees 11 inches and 
larger d.b.h. containing at least one sawlog. See Appendix A for 
further details about measurement practices. 

' E v e n here, by convention, the designated board foot volume of 
sawn lumber overstates the actual cubic footage of wood sub
stance. E.g., a rough 2 "x4" is actually l%"\3%" in cross section 
and a finished 2 "x4" is actually I%"x3%" in cross section. 
Th is conventional practice of scant measurement is based on the 
old standard practice of having to cut rough lumber to ful l 
2 "x4 " sizes in order to dry and surface properly to I%"x3%" net 
thickness. More accurate sawing methods allow mi l l s to scant saw 
their rough lumber today. 
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h o n o r s i n eas te rn M o n t a n a g o to l o d g e p o l e p i n e . P o n 

d e r o s a p i n e v o l u m e in the B l a c k H i l l s is d o u b l e that of 

eas te rn M o n t a n a a n d a b o u t 8 0 percent of that west o f 

the c o n t i n e n t a l d i v i d e in M o n t a n a . 

Hu t . as we have p o i n t e d ou t . r a i n f a l l , e v a p o r a t i o n ra tes 

a n d o ther f ac to rs at g r o w i n g s i tes have af fected the t rees 

so that the l a r g e r , m o r e s a l a b l e v o l u m e s o f t i m b e r a re 

concen t ra ted m o r e h e a v i l y to the west t han the da ta o f 

T a b l e . 4 i n d i c a t e . T o d e m o n s t r a t e th i s fact we c a n c i t e a 

n u m b e r o f c o m p a r i s o n s . T h u s f r o m T a b l e 5 we c a n see 

that s o m e t w o - t h i r d * o f to ta l s a w t i m b e r v o l u m e is f o u n d 

i n wes te rn M o n t a n a , w h i l e o n l y s l i gh t l y m o r e t han ha l f 

the to ta l t i m b e r v o l u m e o c c u r s the re , i f s m a l l e r t ree s izes 

I five i n c h e s to e leven i n c h e s d . b . h . I a l so a re taken i n to 

a c c o u n t . 

T A B L E 5 S O F T W O O D S A W T I M B E R NET V O L U M E S 
O N T R E E S 11 I N C H E S A N D L A R G E R IN 
D I A M E T E R , L O G S C A L E ' , B Y S U B R E G I O N S 

VOLUMES IN BOARD FEET 
Western Montana 394 billion 
Eastern Montana 157 billion 
Black Hills iWyo. incl.l 3 2 billion 
1 International '/ i-mch rule except Scribner in Black Hills. 
Source: Forest Service [39] [20]. 

No t on ly ave rage log s i ze , but a l s o a v e r a g e l o g qua l i t y 

is g rea te r in wes te rn t han i n eas te rn M o n t a n a . T a b l e 6 

s h o w s d i s t r i b u t i o n o f v o l u m e s by l o g g r a d e s . D i f f e r e n c e s 

in s t reng th between i n t e r m e d i a t e t y p e D o u g l a s - f i r a n d 

R o c k y M o u n t a i n t y p e D o u g l a s - f i r . g i v e n i n T a b l e 1. sug 

gest that some o f western M o n t a n a ' s t i m b e r m a y s h o w a 

s i m i l a r a d v a n t a g e in s t reng th as c o m p a r e d to t i m b e r f r o m 

the d r i e r , m o r e eas te r l y s i tes . 

T A B L E 6 - P E R C E N T A G E D I S T R I B U T I O N O F S A W L O G S : 
S T A N D A R D L O G G R A D E S B Y S U B R E G I O N 

PERCENTAGE DISTRIBUTION 
Western Eastern 
Montana Montana 

15 3 
II 

LOG 
GRADE DESCRIPTION 

1 Surface clear logs 
2 SO percent surface clear 
3 Numerous small and medium-

tight knots 
4 Low common 

Total A l l Crades 
Source Forest Service [20]. 

20 

40 
25 

too 

50 
36 

100 

In s u m m a r y , f o r e s t S e r v i c e s u r v e y d a t a i n d i c a t e that 

the s tock of l i ve l i m b e r , m e a s u r i n g o n l y the m e r c h a n t a b l e 

p o r t i o n s u n d e r c o n v e n t i o n a l usage , c o n t a i n s s o m e 17 b i l 

l i o n c u b i c feet of w o o d w i t h c o n s i d e r a b l e v a r i a t i o n s i n 

q u a l i t y . T h e r e a lso m a y be a n a d d i t i o n a l 1 to 2 b i l l i o n 

c u b i c feet o f d e a d s t a n d i n g t i m b e r that c o u l d be s a l v a g e d 

f o r s o m e uses. T h i s figure g i ves us a m e a s u r e o f the l i m i t s 

of c u t t i n g u n d e r a m i n i n g a p p r o a c h to t i m b e r r e s o u r c e s . 

F i n a l l y , we r e c o g n i z e that we have been l o o k i n g at a 

' s t i l l ' p i c t u re o f a ve ry v o l a t i l e w o r l d . O u r m e a s u r e o f 

the s i ze o f the p h y s i c a l r e s o u r c e m a y h a v e been c o r r e c t f o r 

J a n u a r y 1, 1 9 5 3 : bu t f o r t o d a y o r f o r t o m o r r o w it i s 

i n c reas ing l y out of t o u c h w i t h the facts. W e t u rn now to a 

d i f f e ren t way o f l o o k i n g at the t i m b e r resou rce . 

2. TIMBER AS A FLOW RESOURCE 
B e c a u s e l i v i n g t rees a n n u a l l y a c c u m u l a t e a g r o w t h of 

new w o o d , a n d because they a l s o p r o d u c e seed f r o m w h i c h 

new g e n e r a t i o n s o f t rees m a y d e v e l o p , t i m b e r can be re

g a r d e d as a c r o p to be ha rves ted p e r p e t u a l l y ins tead of 

as a l a rge , fixed r e s e r v e to be m i n e d out over a p e r i o d 

o f yea rs . A l t h o u g h the m i n i n g v i e w p o i n t was w ide l y he ld 

i n the early par t o f th i s C e n t u r y , the c o n t i n u o u s c r o p 

v i e w is m o r e p o p u l a r t o d a y . " T r e e F a r m " ' i s n o w a c o m 

m o n e x p r e s s i o n , a n d the idea o f a c o n t i n u o u s f low of 

w o o d d o m i n a t e s p u b l i c a n d m u c h p r i va te p o l i c y . S o ou r 

c o n c e r n i n th is sec t i on w i l l be w i t h the measurement of 

the flow of l i m b e r u n d e r some a r r a n g e m e n t of c o n t i n u o u s 

a n d p e r p e t u a l p r o d u c t i o n . 

T h e c o n c e p t o f t i m b e r flow i s bas i ca l l y a p h y s i c a l one . 

a c o m p o u n d o f f ou r e lemen ts as d e p i c t e d in the f o l l o w i n g 

d i a g r a m : 

g rowth 
from 
na tu ra l 
causes 

e x i s t i n g 
s tock o f 
t imber 

loss to 
na tu ra l 
causes 

d r a i n tor use by man 

T h e q u a n t i t y o f w o o d rep resen ted by the s tock of l i ve 

t i m b e r fluctuates o v e r t i m e d e p e n d i n g on the b a l a n c e o r 

i m b a l a n c e between new g r o w t h on the one h a n d a n d the 

c o m b i n e d effect o f losses to n a t u r e a n d d r a i n by m a n on 

the o the r . T h e q u a n t i t y o f t i m b e r i n s tock i s no m o r e 

than a secondary c o n s i d e r a t i o n unde r th i s v i e w p o i n t , 

w h i l e the flows are the essent ia l features of i n t e r e s t — i n 

p a r t i c u l a r that flow we have te rmed " d r a i n f o r use by 

m a n . " W e seek to g a u g e i ts potential, by w h i c h of cou rse 

we m e a n the h ighes t ra te at w h i c h l i m b e r c o u l d be d r a i n e d 

c o n t i n u o u s l y i n to i n d u s t r i a l use f r o m the s tandpo in t o f 

p h y s i c a l p o s s i b i l i t y . T h i s s h o u l d g i ve us a c lue to the 

m a x i m u m sca le of i n d u s t r i a l ac t i v i t y that c o u l d be sus

t a i n e d o n the bas i s o f the t i m b e r resou rce . 

A s we h a v e n o t e d , the t i m b e r s tock i n the western 

N i n t h d i s t r i c t , c o n s i s t i n g o f m o r e t han ha l f a b i l l i o n l i ve 

t rees o f l a r g e r t han five i n c h e s d i a m e t e r , c u r r e n t l y s tores 

a n es t ima ted 17 b i l l i o n c u b i c feet of po ten t i a l l y mer 

c h a n t a b l e w o o d . S o m e 3 1 6 m i l l i o n c u b i c feet we re a d d e d 

i n g r o w t h to o u r d i s t r i c t ' s b a s i c S U K X d u r i n g the su r vey 

y e a r 1 9 5 2 — a two pe rcen t a c c u m u l a t i o n . A t the same 

t i m e , o t he r n a t u r a l f ac to rs have been a n d a re e a t i n g a w a y 

at the w o o d i n v e n t o r y d a i l y . T h e s e fac to rs a re l i s ted u n d e r 
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the h e a d i n g o f mortality. D u r i n g 1952 , m o r t a l i t y c l a i m e d 

126 m i l l i o n c u b i c feet, o r s o m e t h i n g u n d e r 1 pe rcen t , 

w i th causes a t t r i bu ted as f o l l o w s : 

Mortality in 
million cubic feet Cause 

76 insects 
6 diseases 
2 fire 

'12 other 'weather, animals, suppression, etc ) 

T h i s yea r , h o w e v e r , saw a p a r t i c u l a r l y b a d insect loss , so 

the f igu res i nd i ca ted a re not v a l i d as l o n g e r - t e r m ave rages . 

N o r m a l m o r t a l i t y based o n e a r l i e r decades w o u l d be 

c l o s e r to 55 m i l l i o n c u b i c feet a n n u a l l y o r less t han one-

t h i r d o f 1 percent . O f c o u r s e th is d e d u c t i o n f r o m t i m b e r 

i nven to r y w i l l v a r y y e a r by y e a r , a n d so the b a l a n c e be

tween what i s added by g r o w t h a n d what is t r i m m e d a w a y 

by n a t u r a l fo rces m a y v a r y a l s o : in 1952 . there w a s a n 

es t imated net a d d i t i o n o f 190 m i l l i o n c u b i c feet. 

M a n , of cou rse , takes h is t i m b e r s u p p l y f r o m the fo res t , 

and as he does , he necessar i l y w i l l a l ter the n a t u r a l b a l 

ance^—not o n l y the s tock a n d the d r a i n , but a l s o the 

g r o w t h . In 1952 , s o m e 125 m i l l i o n c u b i c feet o f w o o d 

were cut f r o m the fo res ts o f the d i s t r i c t . 

D u r i n g that yea r . t hen , g i v e n a l l the f ac to rs a d d i n g to 

a n d d e p l e t i n g the s l o c k , o u r to ta l i n v e n t o r y o f l i ve w o o d 

showed a net g a i n o f abou t 65 m i l l i o n c u b i c feet, o r less 

than one-ha l f of 1 pe rcen t . 

W e have o v e r s i m p l i f i e d the p i c t u r e i n r e f e r r i n g o u r 

g r o w t h a n d d r a i n figures to one b i g c o m m o n p o o l of 

w o o d . F o r in p l a c e o f a s i n g l e ove r -a l l b a l a n c e m a n y 

i n d i v i d u a l ba lances m a y be s t r uck s o m e w h a t i n d e p e n d e n t 

l y . D i f f e ren t spec ies , d i f f e ren t g r a d e s o f l o g s , d i f f e ren t 

l o c a l i t i e s — e a c h o f these v a r i a b l e s s t r i kes a s o m e w h a t d i f 

ferent ba lance . In s o m e areas a n d f o r s o m e spec ies , w i t h 

d rawa l s ac tua l l y exceeded g r o w t h , s o that the s t a n d i n g i n 

ven to ry i n s o m e cases was r e d u c e d . 

Actual and potential growth rates 
Let us now tu rn f r o m a p i c t u r e of what is to a p i c t u r e o f 

what could be, c o n s i d e r i n g first the p o s s i b i l i t i e s f o r 

g r o w t h . W e have p o i n t e d out that to ta l a n n u a l g r o w t h 

f o r the d is t r i c t c u r r e n t l y exceeds 3 0 0 m i l l i o n c u b i c feet. 

Net a n n u a l g r o w t h , a f te r we deduc t f o r n a t u r a l m o r t a l i t y , 

is r e d u c e d to a r o u n d 190 m i l l i o n c u b i c feet ( e n o u g h w o o d 

to b u i l d r ough l y 100 ,000 ave rage h o u s e s ) . N e t g r o w t h i s 

a measure o f the a m o u n t m a n c a n cu t w i t h o u t d e p l e t i n g 

the cu r ren t s tock . I f d r a i n were to exceed net g r o w t h , the 

d i f fe rence w o u l d have to c o m e at the expense of the ex is t 

i n g i nven to r y o f t rees. 

A b o u t an e igh th o f the d i s t r i c t ' s net g r o w t h o c c u r r e d i n 

the B l a c k H i l l s , a n d m o r e than ha l f of the r e m a i n d e r took 

p lace in eas te rn M o n t a n a . O n a p e r - a c r e b a s i s the ove r -a l l 

g r o w t h rate has a m o u n t e d ve ry r o u g h l y to 2 0 to 3 0 c u b i c 

feet a n n u a l l y . P o t e n t i a l g r o w t h ra tes, h o w e v e r , are h i g h e r . 

"Forest Service personal communications (1963). 

H e r e a re s o m e es t imates by a r e a : ' 

Western Eastern Black 
Montana Montana Hills 

Potential net growth 
rate in cubic feet per 
acre per year 69 47 60 

If these po ten t i a l s were a c h i e v e d , they w o u l d m a r k a net 

a n n u a l g r o w t h o f nea r l y one b i l l i o n c u b i c f e e t — m o r e 

t han five t imes the ra te o f 1952 , a n d a l m o s t e igh t t imes the 

a m o u n t ac tua l l y cut . O n the bas i s o f these es t imates o f 

p o t e n t i a l g r o w t h ra tes we c a n a l r e a d y see , t h e n , that sub 

s tan t i a l o p p o r t u n i t y ex i s t s f o r e x p a n d i n g t i m b e r g r o w t h . " 

A t t a i n m e n t of these p o t e n t i a l s r e q u i r e s a f a r g r e a t e r ex

p e n d i t u r e of ef for t in forest m a n a g e m e n t t han that c o m 

m o n l y r eached i n the past , a n d w o u l d take at least a 

c e n t u r y to r e a c h . 

W e w o u l d expec t g r o w t h rates u l t i m a t e l y to set l i m i t s 

o n the ra te of d r a i n , i f t i m b e r y i e l d i s to be p e r p e t u a l . 

H o w e v e r , i n any c u r r e n t p r o g r a m — e v e n w i t h a n u l t ima te 

g o a l o f s u s t a i n e d y i e l d — a n a p p r o p r i a t e rate o f d r a i n 

m i g h t be ve ry d i f f e ren t f r o m e i t he r the a c t u a l g r o w t h 

ra te today o r the l o n g - r a n g e p o t e n t i a l g r o w t h ra te . W e 

a re g o i n g to e x a m i n e the r easons f o r t h i s , a n d in the 

p r o c e s s we s h a l l g a i n s o m e i m p o r t a n t i n s i g h t s i n to the 

t ime d i m e n s i o n o f t i m b e r flows. 

Sustainable yield and rotation 
I n m e a s u r i n g the forest as a flow r e s o u r c e we a re in te r 

ested i n a ra te o f ha rves t we c a n keep u p i nde f i n i t e l y , o r 

wha t fo res te rs c a l l a " s u s t a i n a b l e y i e l d . " F o r a n i d e a l i z e d 

fo res t 7 the rate at w h i c h w o o d c a n be c u t o n a s u s t a i n a b l e 

bas i s is re la ted d i r e c t l y to the age o f the t rees o r s tands 

of t rees at the t i m e they a re c u t — t h e s o - c a l l e d rotation 

age. I f the r o t a t i o n age se lec ted f o r a f o res t i s too l o w , n o 

a d v a n t a g e i s t a k e n o f the mos t r a p i d - g r o w i n g m i d d l e 

y e a r s I f o r p o n d e r o s a p i n e a b o u t 6 0 to 100 years o f a g e ) . 

If, i n c o n t r a s t , the r o t a t i o n c h o s e n is t o o l o n g , too m u c h 

fo res t l a n d is o c c u p i e d by t i r e d , o l d t rees , l o n g past the 

t ime of any p o s i t i v e c o n t r i b u t i o n to g r o w t h . 

L e t us see h o w s u s t a i n a b l e y i e l d u n d e r i d e a l c o n d i t i o n s 

is re la ted to the na t i ve g r o w t h p r o p e r t i e s o f the fo res t . 

I m a g i n e that we star t w i t h a one -ac re p l o t o f m o d e r a t e l y 

"O f special commercial significance are growth rates fur saw
timber. Estimated current net growth rates are: 

Western Eastern Black 
Montana Montana Hills 

Current sawtimber growth rate in 
board feet per acre per year 69 38 48 

Y ie ld capabil it ies for sawtimber. on the other hand, are esti
mated as fol lows: 

Potential sawtimber growth rate 
in board feet per acre per year 350 219 90 

"Among other things, we imply by the word ' " idea l " : (1) that a 
fresh batch of seedlings begins to grow on the harvested site after 
each stand is cut, and (2) that there is a completely balanced 
range of ages so that each year the same number of trees reach 
cutting age. 
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g o o d " forest l a n d f r e s h l y p l an ted w i t h p o n d e r o s a p i n e 

seed l i ngs . S u p p o s e we r o u l d pa t i en t l y w a t c h i ts g r o w t h 

I o v e r the c o u r s e o f two c e n t u r i e s I. W e w o u l d expec t the 

m e a s u r a b l e v o l u m e o f w o o d on t rees 7 i nc hes a n d l a r g e r 

i n d i a m e t e r to t race out a g r o w t h c u r v e as f o l l o w s : 

cubic feel per acre 
8000 

6000 

4000 

2000 

measured cubic foot 
volume of ponderosa pine per ocre 

40 60 80 100 120 140 160 180 200 
age of stand in years 

T h i s g r o w t h pa t te rn is based on a v e r a g e e x p e r i e n c e 

d e t e r m i n e d by s u r v e y s o f n a t u r a l l y g r o w n even-age p o n 

d e r o s a p i n e s tands . T h e n u m b e r of t rees o n a n a c r e o f 

l a n d beg ins to d e c l i n e a l m o s t f r o m the v e r y b e g i n n i n g , 

w h i l e a s tead i l y i n c r e a s i n g v o l u m e o f w o o d a c c u m u l a t e s 

o n the s u r v i v i n g t r e e s — a n a m o u n t a p p r o a c h i n g 8 0 0 0 

c u b i c feet at 2 0 0 years o f age. T h e c u b i c foo tage i l l us 

t ra ted here represen ts t rees a c t u a l l y s t a n d i n g , a n d hence 

a net v o l u m e a f te r a l l losses f r o m n a t u r a l causes. ' ' T h e 

c u r v e , t he re fo re , s h o w s the v o l u m e o f e x p e c t e d harves t f o r 

each chosen age of s tand at the t ime of ha rves t . A t age 

100. f o r e x a m p l e , abou t 5 4 0 0 c u b i c feet c o u l d be cu t . 

In s u c h a s i t u a t i o n , n a m e l y o n e i n w h i c h we wa i t 100 

y e a r s to cu t 5 4 0 0 feet, the a v e r a g e y i e l d p e r y e a r w o u l d 

be 5 4 c u b i c feet ( a l t h o u g h we cu t i t a l l at o n c e , at the 

e n d of o u r c h o s e n r o t a t i o n ) . T h i s figure, c a l l e d mean 

annual increment, c a n be c a l c u l a t e d f o r each age of s tand 

by the s i m p l e f o r m u l a : a c c u m u l a t e d v o l u m e d i v i d e d by 

the age o f s t a n d . T h e resu l t i s the f o l l o w i n g c u r v e , 

cubic feet 
60 

mean annual 
increment in 

4 0 cubic feet 
per acre 

20 

140 160 180 200 
age of stand in years 

w h i c h i n effect te l ls us the s u s t a i n a b l e y i e l d ( a v e r a g e 

v o l u m e per y e a r I f o r any c h o i c e o f c u t t i n g age. F o r i f 

we re -es tab l i sh s e e d l i n g s o n o u r i d e a l i z e d one -ac re p l o t 

i m m e d i a t e l y a f te r o u r first ha r ves t , we c o u l d m a k e a re -

"Technical ly we are using site index 80 land which means roughly 
that average trees at 100 years of age reached an 80-foot height, 
as defined in U S D A Technical Bul let in 630. Meyer 135]. Average 
site index for Montana is 65. for the Black Hi l ls , 55. 

"Cumulat ive loss from age 20 to age 200 averages about 3800 
cubic feet, and roughly half this loss occurs by age 100. 

peat c u t t i n g at the e n d of an i d e n t i c a l r o ta t i on p e r i o d , 

a n d the m e a n a n n u a l i n c r e m e n t as read f r o m the above 

char t w o u l d be s u s t a i n a b l e i nde f i n i t e l y . 

N o t e that one harves t age g i ves a g rea te r sus ta inab le 

y i e l d t han any o ther . In th i s case an 8 0 - y e a r ro ta t ion g ives 

us the maximum sustainable yield—about 55 c u b i c feet 

o f w o o d p e r y e a r . O f c o u r s e i f we h a d o n l y a s ing le ac re 

t rac t th i s ha rves t w o u l d be m a d e i n the amoun t of 1400 

c u b i c feet o n c e every 8 0 yea rs . If i n p rac t i ce we w i s h e d a 

s teady a n n u a l ha rves t , we w o u l d r e q u i r e a l a rge forest 

a rea w i t h a b a l a n c e d d i s t r i b u t i o n of ages such that some 

t rac ts we re c o m i n g i n to harvest age each yea r . 

A l l o f th i s app l i es to one g r a d e o f l a n d : we w o u l d get 

d i f fe ren t resu l ts on bet ter o r poo re r l a n d . Bu t the p r i n c i 

p le is the s a m e , a n d o n c e we have c o m m i t t e d o u r forest 

to s u s t a i n e d y i e l d , the c h o i c e of a r o t a t i o n p e r i o d is a key 

fac to r i n d e t e r m i n i n g what o u r rate of cut c a n be. 

It s h o u l d be po in ted out that k n o w l e d g e about forest 

g r o w t h c h a r a c t e r i s t i c s is too inexac t to a l l o w us to choose 

the o p t i m u m r o t a t i o n a n d d e t e r m i n a t i o n o f y ie ld as p re 

c i se l y as the a b o v e c u r v e s m igh t suggest . Y i e l d cu r ves 

have been bu i l t u p f o r m a n y spec ies based on ex tens ive 

s u r v e y s a c r o s s a w i d e range of s i te q u a l i t y , but the resul ts 

c o m e f r o m s tands that have g r o w n to a g i v e n age u n d e r 

n a t u r a l c o n d i t i o n s . T h e s e g r o w t h cu rves have not a l w a y s 

t u r n e d out as we l l as m i g h t be des i red i n p r e d i c t i n g 

g r o w t h on m a n a g e d forests . 

Rotation depends on product 
T h e c h o i c e o f r o t a t i o n f o r m a x i m u m sus ta inab le y i e l d 

w i l l v a r y w i t h the p r o d u c t y o u wan t to g r o w . S a w t i m b e r , 

f o r e x a m p l e , w i t h its e m p h a s i s on l a rge l o g s , requ i res 

l o n g e r r o t a t i o n s f o r m a x i m u m y i e l d . In fact the p a r t i c u l a r 

l o g sca le used to es t ima te b o a r d foo t recove ry m a k e s a 

c o n s i d e r a b l e d i f f e rence in es t ima ted harvest age f o r m a x i 

m u m y i e l d . If we t ake the ve ry s a m e p lo t i l l us t ra ted above 

a n d the same trees ( those l a r g e r t han 7 i nches d.b .h . ) 

but t h i s t ime p o r t r a y m e a n a n n u a l i nc remen t m e a s u r e d 

in board feet by the I n t e r n a t i o n a l V s - i n c h l o g sca le , the 

f o l l o w i n g y i e l d c u r v e r e s u l t s : 

board feet 
400 

mean annual increment 
in board feet per acre 

Q maximum at 110 years 

20 40 60 80 100 120 140 160 180 200 
age of stand in years 

T h u s , to get the m a x i m u m s u s t a i n a b l e y i e l d of saw

t i m b e r we w o u l d choose a r o t a t i o n of 110 y e a r s ( the 
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t echn i ca l m a x i m u m , a l t h o u g h because o f the flatness o f 

the c u r v e in that v i c i n i t y , we w o u l d lose v e r y l i t t le i f we 

p i cked LOO y e a n as r o t a t i o n I. S i n c e s u s t a i n e d y i e l d p l an 

n i n g in o u r r e g i o n is usua l l y d i r e c t e d at p r o d u c t i o n o f 

s a w t i m b e r . l o n g r o t a t i o n p e r i o d s o f the o r d e r i l l u s t ra ted 

he re a re the ru le . T h e Fo res t S e n - i c e uses the f o l l o w i n g 

ro ta t ions i n e s t i m a t i n g po ten t i a l y i e l d s f r o m m e d i u m 

si tes in M o n t a n a : 

y i e l d . T h e f o l l o w i n g c u r v e s p o r t r a y th i s e f fec t : 

Rotation 
Species in years 

Ponderosa pine 120 
Lodgepole pine 100 
Douglas-fir 140 
Western larch 130 
Engelmann spruce 130 

T h e h ighes t r o t a t i o n used is 160 y e a r s f o r p o n d e r o s a 

p i n e a n d D o u g l a s - f i r o n p o o r s i tes. A t best the t i m e s p a n s 

i n v o l v e d in forest m a n a g e m e n t p l a n n i n g a re ve ry l o n g — 

a fact that we w i l l f i nd espec ia l l y s i g n i f i c a n t i n o u r l a te r 

c o n s i d e r a t i o n o f e c o n o m i c f ac to r s . 

T h e h y p o t h e t i c a l r o t a t i o n c h o i c e s d i s c u s s e d here a re 

sub jec t to a n u m b e r o f p r a c t i c a l q u a l i f i c a t i o n s . W e have 

assumed n o d e l a y s in r e s t o c k i n g of f resh ly cu t s t a n d s : 

in p r a c t i c e , h o w e v e r , severa l years m a y be a d d e d to the 

leng th o f the r o t a t i o n because of the t i m e it t akes f o r a 

cut a rea to reseed. F u r t h e r m o r e , s o m e a reas m a y c o m e 

back p r e f e r e n t i a l l y to the w r o n g spec ies so that the q u a l i t y 

of the new g r o w t h c h a n g e s o v e r t i m e . 

T h e ha rves t , t oo . is sub jec t to p r a c t i c a l l i m i t a t i o n s . T h e 

a m o u n t of cut f o r t h c o m i n g at any one y e a r a n d in any 

one l o c a l i t y h a s to be of suf f ic ient s ize a n d o t h e r w i s e sui t 

ab le f o r c o m m e r c i a l harvest i f a s u s t a i n e d y i e l d m a n a g e 

ment p r o g r a m is to w o r k . T h i s m e a n s that a c t u a l c u t t i n g 

p r o g r a m s may i n c l u d e s tands that have aged e i t he r too 

l o n g o r too l i t t le f o r the t h e o r e t i c a l m a x i m u m f low o f 

t i m b e r . None the less , the r o t a t i o n concep t is b a s i c to the 

p l a n n i n g of forest m a n a g e m e n t p r o g r a m s , in v i e w o f the 

fact that the v a r i o u s p o s s i b l e leve ls o f s u s t a i n a b l e y i e l d , 

i n c l u d i n g m a x i m u m s u s t a i n a b l e y i e l d , c a n be t h o u g h t of 

as f u n c t i o n s of the c h o i c e o f a r o t a t i o n p e r i o d . 

The relativity of sustainable yield 
S u s t a i n a b l e y i e l d a n d m a x i m u m s u s t a i n a b l e y i e l d de -

p e m l . as we have seen, on p r o d u c t i v i t y e x p e r i e n c e of for 

est l and a n d on b i o l o g i c a l c h a r a c t e r i s t i c s o f t rees. B u t 

they a re a l s o relative to the degree of management prac

ticed on the forest. O u r y i e l d c u r v e i s d e r i v e d f r o m aver 

age n a t u r a l g r o w t h e x p e r i e n c e , w h i c h rep resen ts a net 

figure, a f te r a v e r a g e forest m o r t a l i t y is d e d u c t e d . T h e r e 

fo re any c u l t u r a l e f for ts a p p l i e d to the forest that w i l l 

l a I i nc rease g r o s s I to ta l I g r o w t h ra tes o r l b ) r educe 

loss rates w i l l t heore t i ca l l y r a i s e the s u s t a i n a b l e y i e l d 

cu rve , a n d p r o b a b l y shor ten the r o t a t i o n f o r m a x i m u m 

boord feet per acre per year 
500 

400 

300 

200 

100 

sustainable yield under 
^intensified management program 

•o. 
sustainable yield under 
normal loss experience 

20 40 ^ c A 

* "bes t " rotation 

10A i Aft i xrv ton tf 

fire scar plus damage 
.from disease and insects 

rotation in years 

The "intensified management" results shown here are arbitrarily 
taken as the natural performance from standard yield tables of 
a higher quality site (site index 90) than that on which we have 
based our norm <site index 801. 

H o w c a n we i n c r e a s e g r o w t h rates o r dec rease loss 

ra tes? A m o n g m o r e d i r ec t a n d i n t u i t i v e l y o b v i o u s e f fo r ts , 

we c o u l d : 111 app l y f e r t i l i z e r to the forest I not a m e a s u r e 

that w o u l d be g i v e n m u c h s e r i o u s c o n s i d e r a t i o n t o d a y 

f o r c o n d i t i o n s in M o n t a n a a n d S o u t h D a k o t a , but n o n e 

the less p e r f e c t l v g o o d in p r i n c i p l e ) . 12) r e d u c e d a m a g e 

f r o m forest fires t h r o u g h i n t ens i f i ed p r o t e c t i o n p r o g r a m s , 

a n d (3 ) r e d u c e d e s t r u c t i o n by forest insects a n d d i sease 

t h r o u g h c o n t r o l p r o g r a m s . P e r h a p s the most i m p o r t a n t 

m e a s u r e s a re those d i r e c t e d at ha rves t o f o v e r m a t u r e 

s t a n d s , s a l v a g e o f s a w 

t i m b e r k i l l e d by n a t u r a l 

f o r c e s , a n d o the r w o r k 

that c o m e s u n d e r the 

h e a d i n g o f i m p r o v e m e n t 

a n d s a n i t a t i o n c u t t i n g s . 

T h e d i a g r a m r e p r o d u c e d 

at lef t o f a t ree t r u n k c r o s s 

sec t i on s h o w s h o w g r o w t h 

i s a d v e r s e l y a f fec ted a f te r 

d a m a g e to a tree. A d a m 

aged o r d e a d t ree lef t i n the fo res t o c c u p i e s a g r o w i n g 

rite that c o u l d o t h e r w i s e s u p p o r t a hea l t hy , f a s t - g r o w i n g 

t ree. T h u s o p t i m u m forest p r o d u c t i v i t y r e q u i r e s that d e a d 

o r d a m a g e d t rees be r e m o v e d at a n e a r l y da te . R e m o v a l 

o f excess i ve n u m b e r s o f 

t rees i n a n o v e r c r o w d e d mjnning 

s t a n d c a n have a s t i m u l a t 

i n g effect o n g r o w t h , as 

i l l u s t r a t e d by the t r u n k 

c r o s s s e c t i o n at r i g h t . 

L e s s d i r e c t m e a s u r e s to 

i m p r o v e y i e l d w o u l d i n 

c l u d e : ( 1 ) c o n t r o l o f the 

w a y in w h i c h fo res ts a re 

l o g g e d i n o r d e r tha t , f o r 

e x a m p l e , e r o s i v e loss o f fo res t s o i l s be m i n i m i z e d o r 

retarded growth 
after fire 

elerated growth 
ter ihinning 
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n a t u r a l r eseed ing be f a c i l i t a t e d , ( 2 ) p l a n t i n g o f s e e d l i n g s 

on a l l n o n s t o c k e d f o res t l a n d w h e r e n a t u r a l r e g e n e r a t i o n 

i s not i m m e d i a t e a n d t h o r o u g h , o r ( 3 ) t h i n n i n g o f ove r 

c r o w d e d y o u n g s tands . 

T r e e s g r o w r e l a t i v e l y s l o w l y , so that the effects o f ac

t i o n s s u c h as these t a k e n t o d a y c u m u l a t e to s i g n i f i c a n t 

p r o p o r t i o n s o n l y o v e r l o n g p e r i o d s of t i m e . B u t ins t i tu t 

i n g s u c h p r o g r a m s w o u l d i m m e d i a t e l y boos t m a x i m u m 

s u s t a i n a b l e y i e l d , because the ef fects o f a n y o f t hem w o u l d 

be ref lected i m m e d i a t e l y i n the l o n g - t e r m g r o w t h e x p e c t a 

t i ons f r o m w h i c h the s u s t a i n a b l e - y i e l d c u r v e is d e r i v e d : 

they a lso c o u l d acce le ra te the r o t a t i o n p e r i o d . 

T h e d a y - t o - d a y p r a c t i c e o f these a n d o the r m e a s u r e s 

a f f ec t i ng forest g r o w t h , w h e t h e r d e s i g n e d o r i nadve r t en t , 

cons t i t u tes the state o f forest management in effect at the 

t ime . It is i m p o r t a n t to r e c o g n i z e tha t a n y es t ima te o f 

m a x i m u m s u s t a i n a b l e cu t has a n i m p l i e d a s s u m p t i o n o f 

s o m e g i v e n i n tens i t y o f m a n a g e m e n t . M o r e o v e r , the p h y s 

i c a l o r b i o l o g i c a l f a c t o r s g i ve us n o a n s w e r to the ques

t i o n . " H o w d o we select a n a p p r o p r i a t e i n t e n s i t y 1 0 l e ve l o f 

fo res t m a n a g e m e n t ? " W e a re t he re fo re c o n f r o n t e d w i t h a 

d i l e m m a : W e c a n n o t d i s c o v e r a n a r e a ' s p h y s i c a l c a p a c i t y 

to p r o d u c e w i t h o u t u s i n g s o m e essen t i a l l y a r b i t r a r y as 

s u m p t i o n that i n pa r t d e t e r m i n e s o u r a n s w e r . 

W i t h these fac to rs i n m i n d , let us t u r n to es t ima tes o f 

the r e g i o n ' s t i m b e r p r o d u c t i o n p o t e n t i a l as m a d e b y the 

F o r e s t S e r v i c e . 

Sustainable yield possibilities 
E s t i m a t e s f o r th i s d i s t r i c t ' s s u s t a i n a b l e a n n u a l y i e l d o f 

w o o d , based on F o r e s t S e r v i c e s tud ies , a re g i v e n i n T a b l e 

7. T o t a l s u s t a i n a b l e cu t f o r the d i s t r i c t w o r k s out to be 

4 5 6 m i l l i o n c u b i c feet a n n u a l l y , w h i c h i s a b o u t ha l f the 

l o n g - r u n p o t e n t i a l g r o w t h ra te we p resen ted e a r l i e r . 

S l i g h t l y m o r e t han 4 0 pe rcen t o f th i s s u s t a i n a b l e c u t i s 

b e i n g taken c u r r e n t l y . H o w e v e r , mos t of the p r o p o r t i o n 

not t a k e n is i n the s m a l l e r s i ze c a t e g o r y : i n s a w t i m b e r , 

c u r r e n t usage is r u n n i n g a b o u t 77 pe rcen t o f ' c a p a c i t y , ' 

w h i l e i n p o l e t i m b e r it r u n s to o n l y a b o u t 8 pe rcen t . 

C u r r e n t d r a i n e x p r e s s e d as a p e r c e n t a g e o f s u s t a i n a b l e 

y i e l d a l s o v a r i e s s h a r p l y by s u b r e g i o n , as f o l l o w s : wes te rn 

T A B L E 7 - E S T I M A T E D S U S T A I N A B L E A N N U A L P R O 
D U C T I O N IN C U B I C F O O T E Q U I V A L E N T S 
( M I L L I O N C U B I C FEET) 

WESTERN EASTERN BLACK 
M O N T A N A M O N T A N A HILLS 

Trees 11 inches and larger 
d.b.h. I sawtimber I 145 65 '4 

Trees 5 inches to 11 inches 
d.b.h. Ipolctimberl 123 101 8 

All Timber 268 166 

Source: Forest Service [20] and correspondence 
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M o n t a n a , 5 6 p e r c e n t ; B l a c k H i l l s , 41 p e r c e n t : a n d eas tern 

M o n t a n a , 19 pe rcen t . C u r r e n t d r a i n i s s u m m a r i z e d , b y 

s i ze c a t e g o r y a n d s u b r e g i o n f o r c o m p a r i s o n pu rposes , 

i n T a b l e 8. Y o u ' l l no te the great r a n g e i n po ten t ia l ex

p a n s i o n : i n s o m e areas a n d s i zes , e x p a n s i o n m a y be 

s e v e r a l - f o l d , w h i l e i n wes te rn M o n t a n a s a w t i m b e r s izes 

a re b e i n g used n e a r l y to the f u l l extent o f the sus ta i nab le 

a n n u a l cu t . 

I n s u m m a r y , the es t ima tes of p h y s i c a l l y sus ta i nab le 

leve ls o f t i m b e r r e m o v a l f r o m the fo res ts o f the r e g i o n 

s h o w that , in t e rms of sheer c u b i c v o l u m e , at least tw ice 

as m u c h t i m b e r c o u l d be t a k e n as i s c u r r e n t l y t aken . T h i s 

h e a d r o o m fo r e x p a n s i o n o f d r a i n , t hen , serves as a meas

u r e o f p o t e n t i a l . T h e r eas on w h y m u c h o f the a v a i l a b l e 

v o l u m e is not taken today is p a r t l y h i n t e d at i n the da ta 

o f T a b l e s 7 a n d 8. T h e fact that the great bu l k of the 

u n u s e d c a p a c i t y l i es i n the s m a l l e r s izes o f t rees suggests 

that e c o n o m i c c o n s i d e r a t i o n s are the essent ia l l i m i t i n g 

f ac to rs t o d a y . T h e e c o n o m i c s of t i m b e r resources w i l l be 

the sub jec t o f P a r t I I . 

Adjusting to sustainable yield: 
allowable cut 

O n e o the r i m p o r t a n t fores t m a n a g e m e n t g u i d e a p p l i e d 

to n a t i o n a l fo res t l ands is the allowable cut concep t de

v e l o p e d b y the F o r e s t S e r v i c e . S u s t a i n a b l e y i e l d , a s we 

have l e a r n e d , i s a h y p o t h e t i c a l f igure w h i c h c a n be c a l 

c u l a t e d f o r any fo res t to i n d i c a t e its l ong - te rm p o t e n t i a l . 

A l l o w a b l e cu t i s a m o r e p r a c t i c a l , day - to -day w o r k i n g 

g u i d e to h o w m u c h o u g h t to be cu t f r o m any g i v e n forest 

d u r i n g , s a y , i ts p e r i o d o f a d j u s t m e n t to f u l l sus ta i nab le 

y i e l d . " A l l o w a b l e cu t f o r a g i v e n forest a rea c a n d i f f e r 

ve ry m a r k e d l y f r o m s u s t a i n a b l e cut . O n e t h i n g that c o u l d 

cause th is d i f f e rence i s the c o n d i t i o n a n d v o l u m e o f the 

e x i s t i n g forest s tock . A n e x i s t i n g forest m a y be s t o c k e d 

too h e a v i l y i n m a t u r e a n d o v e r m a t u r e t rees. In s u c h cases 

o f u n b a l a n c e d age s t r u c t u r e , the a n n u a l a l l o w a b l e cu t m a y 

be l a r g e r t h a n e i the r the m a x i m u m s u s t a i n a b l e ra te o r 

the a c t u a l c u r r e n t g r o w t h ra te f o r a p e r i o d of m a n y yea rs . 

T h i s essen t ia l l y a m o u n t s to a p l a n n e d m i n i n g of the forest 

u n t i l the forest a rea h a s been c o n v e r t e d to better b a l a n c e 

T A B L E 8 - A N N U A L C U T O F T I M B E R IN C U B I C F O O T 
E Q U I V A L E N T S , 1 9 5 7 , B Y S U B R E G I O N A N D 
S I Z E C A T E G O R Y ( M I L L I O N C U B I C FEET) 

WESTERN EASTERN BLACK 
M O N T A N A M O N T A N A HILLS 

Sawtimber size 

Poletimber size 

141 

Al l Sizes 149 

Source: Forest Service [20] and correspondence. 
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"'Intensity of management might be represented by. say. an index 
of expenditure of effort and application of equipment and ma
terials used in tending the forest. 

'Technical ly, allowable cut excludes some material which could be 
cut but for which there is no steady market (called unregulated 
y ie ld) . 
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Timber resources: physical availability 

between " t h r i f t y , " r a p i d l y g r o w i n g y o u n g e r s tock a n d the 

o l de r s tock . 

A t the o ther e x t r e m e , i f a forest a rea h a s been h e a v i l y 

ove rcu t o r b u r n e d i n the past , a l l o w a b l e cu t m a y be w e l l 

be low m a x i m u m s u s t a i n a b l e cu t f o r that forest l a n d . T h e 

cu t w o u l d be l o w to p e r m i t the i n v e n t o r y o f t rees to i n 

c rease to the p o i n t at w h i c h f u l l a d v a n t a g e m a y be t a k e n 

o f the fo res t ' s g r o w t h c h a r a c t e r i s t i c s . 

A l l o w a b l e cu t i s b a s e d o n the latest a v a i l a b l e fo res t 

i n v e n t o r y d a t a , a n d hence sub jec t to r e v i s i o n eve ry ten 

y e a r s o r o f tener . I n c a l c u l a t i n g the a l l o w a b l e cu t , the 

F o r e s t S e r v i c e m a y a p p l y one o f a n u m b e r o f f o r m u l a s 

w h i c h tend to a r r a n g e the t i m i n g a n d a m o u n t o f cu t so 

as to a c h i e v e the two i n t e r m e d i a t e ob j ec t i ves o n the r o a d 

to m a x i m u m sus ta ined y i e l d : ( 1 ) b r i n g the fo res t i n t o a 

balance a m o n g d i f f e ren t age c lasses by a b o u t the e n d o f 

the first r o t a t i o n , a n d (21 p r o d u c e a m a x i m u m even flow 

o f w o o d m a t e r i a l f r o m the forest d u r i n g the i n t e r v e n i n g 

p e r i o d . F o r e s t S e r v i c e p o l i c y i n the W e s t s t resses the e v e n 

f low aspect . A n y t e m p o r a r y s w e l l i n g o f t i m b e r c u t , i t i s 

felt, m i g h t i n d u c e u n d e s i r a b l e e x p a n s i o n o f i n d u s t r y , w i t h 

the resul t that la ter a d j u s t m e n t s to s u s t a i n a b l e ra tes o f 

cu t w o u l d c rea te i d l e i n d u s t r y a n d i d l e c o m m u n i t y f a c i l i 

t ies . S i n c e the i n t e r m e d i a t e o b j e c t i v e s a re p a r t i a l l y c o n 

flicting, i n p r a c t i c a l cases c o m p r o m i s e i s n e c e s s a r y . 1 2 

U l t i m a t e l y , a l l o w a b l e cu t o n n a t i o n a l fo res t l a n d s 

s h o u l d m a t c h s u s t a i n a b l e y i e l d on those l a n d s . In the 

m e a n t i m e , s ince so m u c h of o u r r e g i o n ' s forest h a s s c a r c e 

ly b e g u n to a p p r o a c h the b a l a n c e d c o n d i t i o n , a l l o w a b l e 

cu t w i l l c o n t i n u e to be a ve ry i m p o r t a n t a d m i n i s t r a t i v e 

concep t b e a r i n g d i r e c t l y on the sca le o f i n d u s t r y h e r e . 

In ac tua l e x p e r i e n c e , a l l o w a b l e cu t o n wes te rn M o n t a n a 

n a t i o n a l forests h a s m o r e t han t r i p l e d o v e r the pas t ten 

yea rs . 

3. THE FOREST AS A 
PRODUCTION PROCESS 

A s o m e w h a t d i f f e ren t w a y of l o o k i n g at the fo res t i s to 

t h ink o f i t as r e p r e s e n t i n g a p r o c e s s w i t h i n p u t s a n d out

pu ts , i d e n t i c a l i n f o r m a t to a n y o f a g r e a t n u m b e r o f 

p r o d u c t i o n o p e r a t i o n s at v a r i o u s s tages i n the f l ow o f 

g o o d s f r o m b a s i c r a w m a t e r i a l s to final finished p r o d u c t s . 

T h i s n o t i o n , m o r e f u l l y c o n s i d e r e d i n s o m e o f o u r la ter 

d i s c u s s i o n of e c o n o m i c aspec ts , w i l l h e l p us to see w h y the 

flow resource c o n c e p t is not a d e q u a t e i n i t se l f to a n s w e r 

key q u e s t i o n s it ra ises . 

A p r o d u c t i o n p r o c e s s i s a n a c t i v i t y , f o r e x a m p l e a fac 

t o r y o p e r a t i o n , that c o m b i n e s c e r t a i n inputs ( r a w ma te 

r i a l s , l a b o r , a n d c a p i t a l e q u i p m e n t ) a n d p r o d u c e s c e r t a i n 

outputs I m a n u f a c t u r e d p r o d u c t s , b y p r o d u c t s , a n d was te 

m a t e r i a l s ) . U s u a l l y , but not a l w a y s , the m a n a g e r o f the 

p r o c e s s b u y s the i n p u t s a n d sel ls the ou tpu t s . I n p u t s a re 

c o n v e n t i o n a l l y d i v i d e d i n t o two c a t e g o r i e s , l a ) direct o r 

variable i n p u t s (e .g . , l a b o r , r a w m a t e r i a l s , s u p p l i e s ) that 

g o d i r e c t l y i n to a n d a re f u l l y used u p i n s o m e s p e c i f i a b l e 

q u a n t i t y f o r e a c h u n i t o f o u t p u t , a n d ( b ) distributed o r 

fixed i n p u t s i n w h i c h o n l y a s m a l l pa r t o f the s e r v i c e l i f e 

INPUTS- I -OUTPUTS lucti 
process 

o f a p i e c e of c a p i t a l e q u i p m e n t i s c o n s u m e d i n each un i t 

o f ou tpu t . T h i s seems s u i t a b l e as a n a b s t r a c t d e s c r i p t i o n 

o f a s a w m i l l . B u t we m a y a lso v i e w the forest i n the s a m e 

w a y , w i t h the s a m e g e n e r a l e lemen ts p resen t . 

C o n s i d e r the forest as a p r o d u c t i o n p r o c e s s . In th i s 

forest f a c t o r y go c e r t a i n i n p u t s , s u c h as s u n l i g h t , r a i n f a l l , 

s o i l n u t r i e n t s , a n d c a r b o n d i o x i d e w h i c h a r e u s u a l l y 

a v a i l a b l e f ree f r o m n a t u r e , a s w e l l as l a b o r , s u p p l i e s , a n d 

c a p i t a l e q u i p m e n t w h i c h a re not a v a i l a b l e f ree . F r o m the 

fo res t f a c t o r y we o b t a i n a n o u t p u t , w o o d . W o o d i tse l f 

then b e c o m e s a n i n p u t to l a te r s tages o f p r o d u c t i o n , w h e r e 

it is c o m b i n e d w i t h o ther i n p u t s ( l a b o r , c a p i t a l e q u i p 

ment , e n e r g y , a n d o the r p h y s i c a l m a t e r i a l s ) i n to subse-

INPUTS OUTPUTS 

rainfall 
sunshine 
air 

soil nutrients 

"management inputs" 

land 
l ive trees 
seed 
"natural capi ta l " 

2 F o r a discussion of factors involved in allowable cut. see Davis 
el al [291. 

timber stumpage 

regulated water-flow 

grazing for 
domesticated 
animals of 
commercial 
enterprises 

wildl i fe 

recreation faci l i t ies; 
scenery 

quen t o u t p u t s . T h e s e ou tpu ts i n t u r n m a y be i n p u t s to 

f u r t he r p rocesses u n t i l final c o n s u m p t i o n i s r e a c h e d . 

F o r e s t s p r o d u c e no t o n l y w o o d bu t a l s o a n a s s o r t m e n t 

o f o t he r p r o d u c t s — j o i n t p r o d u c t s a n d e v e n c o m p e t i n g 

p r o d u c t s . S u p p o s e we r e f e r to it s i m p l y as the tree-grow

ing industry, a n d f o r the m o m e n t i g n o r e a n y o u t p u t s 

b e s i d e w o o d . T i m b e r ou tpu t a s rep resen ted he re i s s i m p l y 

w o o d a c c u m u l a t e d o n s t a n d i n g t rees i n the fo res ts . It i s 

a d d e d to a n i n v e n t o r y f r o m w h i c h b o t h m a n a n d n a t u r e 

w i t h d r a w q u a n t i t i e s o f w o o d . A n n u a l p r o d u c t i o n o f t h i s 

p r o c e s s i s e q u i v a l e n t t h e r e f o r e to g r o s s a n n u a l t i m b e r 

g r o w t h . T i m b e r thus g r o w n is a n i n p u t to the log-produc

ing industry, w h i c h i s the nex t s tage i n the i n d u s t r i a l f l ow 

o f w o o d . 

T h e t r e e - p r o d u c i n g i n d u s t r y i s , i n s o m e w a y s , v e r y 

u n l i k e a l l l a te r s tages o f p r o d u c t i o n p r o c e s s e s . T h e t ree-

p r o d u c i n g i n d u s t r y i s a ' r u n a w a y ' f a c t o r y that c a n g o o n 

p r o d u c i n g i n the absence o f any a c t i o n s by m a n . T h a t , 

o b v i o u s l y , i s b e c a u s e it i s a n a t u r a l p r o c e s s ; i t s c a p i t a l 

p l an t ( l a n d , s e e d , a n d t rees) i s g i v e n by n a t u r e , a n d i ts 
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essent ia l v a r i a b l e i npu t s I wa te r , a i r . s u n l i g h t , a n d n u 

t r i e n t s ! a re p r o v i d e d f ree by n a t u r a l o c c u r r e n c e s . 

M a n a g e m e n t i npu t s re fe r to bo th d i s t r i b u t e d a n d d i r ec t 

i npu ts , i n c l u d i n g m a t e r i a l s , e q u i p m e n t a n d l a b o r — o f t e n 

de l i ve red in c o n j u n c t i o n w i t h l o g p r o d u c t i o n , but r igh t ] ) 

c h a r g e a b l e to t ree g r o w i n g . T h e s e a re the i n g r e d i e n t s 

that m a n c o n t r o l s in o r d e r to i nc rease o r dec rease the 

p r o d u c t i o n of t i m b e r o r o t he r forest ou tpu t s . 

A s we h a v e n o t e d , w h e n m a n a g e m e n t i n p u t s a r e a l 

t e r e d — m o r e e q u i p m e n t - h o u r s a n d m a n - h o u r s a p p l i e d , f o r 

e x a m p l e e l i c i t s are s o m e t i m e s n o t i c e a b l e i m m e d i a t e l y : 

but it may t ake m a n y years be fo re s i g n i f i c a n t a c c u m u l a 

t i o n s o f w o o d l o r a l t e rna te resu l ts I have taken p lace . 

P l a n n i n g p e r i o d s c h a r a c t e r i s t i c o f t ree g r o w i n g a re l o n g , 

ye l not d i f l e r e n t i n p r i n c i p l e f r o m those in o t he r p r o d u c 

t i on p rocesses . A l l p rocesses have to a c c o m m o d a t e s o m e 

a m o u n t of delay between the e x p e n d i t u r e of i n i t i a l e f for t 

l sa> . plant c o n s t r u c t i o n I a n d the r e a l i z a t i o n o f i n c o m e 

f r o m the e n d - p r o d u c t . A l l have to f ace the p r o b l e m of 

b a l a n c i n g e f fo r t - be tween present p r o d u c t i o n a n d f u t u re 

p r o d u c t i o n . 

The p r o d u c t i o n - p r o c e s s v i e w p o i n t o f fe rs a use fu l 

f r a m e w o r k fo r e x p l a i n i n g the s i g n i f i c a n c e o f fo res t m a n 

agement p r o g r a m s . It d r a w s o u r a t ten t i on to the r e s o u r c e s 

w h i c h a re a l l oca ted BJ inputs to the t r e e - g r o w i n g a c t i v i t y . 

T h e resou rces we a re t a l k i n g a b o u t a re s c a r c e e c o n o m i c 

resources l a n d a n d l a b o r , c a p i t a l e q u i p m e n t , s u p p l i e s 

a n d m a t e r i a l s , e n e r g y - - r e s o u r c e s that c o u l d in p r i n c i p l e 

have been a p p l i e d to s o m e o ther p r o c e s s to p r o d u c e an 

a l t e r n a t i v e p roduc t l s a \ . conc re te b l o c k s o r a l u m i n u m 

c a s t i n g s ) . 

W e know that the a p p l i c a t i o n o f c a p i t a l e q u i p m e n t , 

h u m a n e f fo r t , a n d m a t e r i a l s to the t r e e - g r o w i n g i n d u s t r y 

c o u l d great ly i n c r e a s e g r o w t h ra tes. If o u r o b j e c t i v e we re 

to r a i s e m a x i m u m s u s t a i n a b l e y i e ld to i ts h ighes t a t t a i n 

ab le leve ls , a n d if we we re w i l l i n g to a p p l y the necessary 

i n p u t s , the p o t e n t i a l d r a i n c o n c e i v a b l y c o u l d be r a i s e d 

to at least d o u b l e the p resen t l y c o n c e i v e d leve ls . 

Bu t we a lso k n o w that s u c h a n e n d e a v o r w o u l d cos t 

s o m e t h i n g . T h e d i rec t p h y s i c a l cos t c o u l d be m e a s u r e d i n 

t e rms o f the o the r p r o d u c t s we c o u l d have p r o d u c e d w i t h 

the r e s o u r c e s we have i ns tead a p p l i e d to t r e e - g r o w i n g — 

p r o d u c t s we have d e c i d e d to d o w i t h o u t i n o r d e r to have 

m o r e t i m b e r . W e c a n see n o w that w h e n we select the 

leve l o f e x p e n d i t u r e s on forest m a n a g e m e n t l a d e c i s i o n 

that mus t be sett led be fo re l i m b e r f low po ten t i a l can be 

s p e c i f i e d I we a re m a k i n g a very f a r - r e a c h i n g c h o i c e . It 

essen t i a l l y i n v o l v e s a d e c i s i o n on beha l f o f soc ie tv i n 

f a v o r of one c lass o f p r o d u c t a n d aga ins t ano the r . T h e 

theme of P a r t II is th is d e c i s i o n - m a k i n g process. 

RESUME OF PHYSICAL 
OUTPUT POTENTIAL 

K e e p i n g i n m i n d that o u r measu remen t of m a x i m u m 

t i m b e r ou tpu t po ten t i a l i n n o w a y demons t ra tes e i the r 

feas ib i l i t y o r d e s i r a b i l i t y , we have t r i ed in P a r t I to p ro 

v i d e s o m e g a u g e o f I 1 ) the n a t u r a l bas is fo r the t i m b e r 

i n d u s t r y i n o u r r e g i o n a n d l 2 l the p h y s i c a l o r b i o l o g i c a l 

l i m i t s to w h i c h the d r a i n o f l i m b e r may be e x p a n d e d . 

E v e n he re we d i s c o v e r e d that the p r o b l e m cannot be left 

in p h y s i c a l t e rms , f o r the b i o l o g i c a l g r o w t h po ten t ia ls 

fo r t i m b e r d e p e n d o n the level o f c e r t a i n m a n a g e m e n t 

i n p u t s , w h i c h themse lves i n v o l v e a c h o i c e between a l l o 

c a t i n g i npu t r e s o u r c e s to t i m b e r o r a l l o c a t i n g them to 

o ther p o s s i b l e a c t i v i t i e s o f va lue to soc ie ty . S u c h a c h o i c e 

is essen t i a l l y a n e c o n o m i c one . 

T h e f o l l o w i n g tab le , t h e n , i n d i c a t e s s o m e t i m b e r output 

c a p a c i t i e s ( q u a n t i t i e s that c a n be cut a n n u a l l y ) fo r the 

r e g i o n ' s fo res ts u n d e r v a r i o u s h y p o t h e t i c a l p r o g r a m s of 

c u t t i n g . 

Annual Capacity as 
output capacity a multiple of 

Program I million cu. ft./yr. I current take 
Mine out all stands completely 

over a ten year period 1.800 9.5x 
Maximum sustained yield given' 

management intensity envisioned 456 2.4x 
by Forest Service estimates 

Current allocation decisions 190 l.Ox 

T h u s , we see that m u c h m o r e c o u l d be taken t han is 

t a k e n : p h y s i c a l c a p a c i t y i s h i g h a n d o b v i o u s l y is not the 

ac t i ve l i m i t i n g fac to r i n o u r r e g i o n ' s p r o d u c t i o n . W e have 

l o o k e d at t i m b e r f r o m th ree p o i n t s o f v i e w : as a s tock , 

as a flow, a n d as a p r o d u c t i o n p rocess . A l l th ree shed 

s o m e l i gh t o n the na tu re of the forest r esou rce . W e sha l l 

n o w e x p l o r e the e c o n o m i c d i m e n s i o n s a n d a p p r a i s e the 

leve l o f ou tpu t l ike ly to be a t t a i ned i n the fu tu re . 
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II TIMBER RESOURCES OF THE NINTH DISTRICT WEST: 

ECONOMIC AVAILABILITY 

S we have s e e n , the wes te rn N i n t h d i s t r i c t has a sub 

s tan t i a l p h y s i c a l v o l u m e o f w o o d that c o u l d be h a r v e s t e d . 

T h i s v o l u m e i s we l l b e y o n d the q u a n t i t i e s c u r r e n t l y b e i n g 

t aken , even i f the forest r e s o u r c e i s v i e w e d as a c r o p 

whose harvest mus t be m a i n t a i n e d i n d e f i n i t e l y . W h y i s 

f u l l capac i t y not n o w b e i n g c u t ? W h a t a re the p r o s p e c t s 

f o r e x p a n d i n g p r o d u c t i o n to use u p s o m e o r a l l o f t h i s 

excess c a p a c i t y ? T h o s e a re the q u e s t i o n s P a r t II sets out 

to e x a m i n e . 

I n P a r t I. whe re o u r o b j e c t i v e w a s to es t ima te the r a w . 

bas ic c a p a c i t y of the fo res t l a n d to g r o w woods tu f f , we 

t r i ed as fa r as p o s s i b l e to a v o i d d i s c u s s i n g the r o l e o f 

m a n a n d h is i n d u s t r i e s i n u s i n g the fo res t . E v e n the re , 

h o w e v e r , we f o u n d that c a p a c i t y to g r o w w o o d i s direct ly-

dependen t o n the e c o n o m i c d e c i s i o n s m a n m a k e s i n h a n d 

l i n g the forest . 

W e w i l l n o w tu rn o u r a t ten t ion to the g e n e r a l f ac to rs 

that affect d e c i s i o n s a b o u t r e s o u r c e a l l o c a t i o n i n the re

g i o n ' s t i m b e r i n d u s t r y a n d e x p l o r e b r i e f l y s o m e o f the 

m e c h a n i c s o f d e c i s i o n m a k i n g . W i t h t h i s b a c k g r o u n d we 

s h a l l be i n p o s i t i o n to assess m o r e m e a n i n g f u l l y the re 

g i o n ' s po ten t ia l f o r t i m b e r p r o d u c t i o n . 

THE BASIC MECHANISM: 
PRICE AND PROFIT 

D e c i s i o n s a b o u t wha t t i m b e r p r o d u c t s to p r o d u c e a n d 

h o w m u c h to p r o d u c e a re m a d e b y a l a r g e n u m b e r of 

Figure 2 — Input-output re la t ions of severa l 
t imber economy 

p r i v a t e , p r o f i t - s e e k i n g firms. E s s e n t i a l l y a l l p r o d u c t i o n , 

a l l t r ade , a n d m o v e m e n t o f m a t e r i a l f r o m the l o g g i n g 

s tage o n w a r d a r e c o n d u c t e d b y these p r i v a t e firms. T h e i r 

n u m b e r s a r e r e l a t i v e l y l a r g e even w i t h i n o u r g e o g r a p h i 

c a l l y r es t r i c t ed r e g i o n o f s t u d y , t h e i r s i zes re la t i ve l y 

s m a l l , a n d t h e i r m a r k e t s c o m p e t i t i v e . E x p e c t a t i o n s o f 

p ro f i t ch i e f l y d e t e r m i n e the k i n d a n d a m o u n t o f t i m b e r 

ou tpu t . 

F o r p u r p o s e s o f a n a l y s i s we w i l l a r b i t r a r i l y d i v i d e the 

d i s t r i c t ' s t i m b e r p r o d u c t i o n p r o c e s s i n to a s e q u e n c e o f 

f o u r m a i n s t a g e s : tree growing, logging, log processing, 

a n d wood processing ( i n c l u d i n g w o o d fiber p r o c e s s i n g ) . 

E a c h stage has one o r m o r e p r o d u c t i o n p rocesses , a n d 

we m a y represent it d i a g r a m m a t i c a l l y as i n F i g u r e 2 by 

s i m p l y a d d i n g e x t e n s i o n s to the d i a g r a m of the tree-

g r o w i n g p r o c e s s d e p i c t e d i n P a r t I. T h e t i m b e r a n d t i m 

be r - re l a ted i n d u s t r i e s as a w h o l e a re t i ed toge ther by the 

fac t that w o o d ou tpu ts of e a r l i e r s tages a r e i npu t s o f 

s u b s e q u e n t s tages. A l l of the i n p u t s a n d o u t p u t s represent 

p h y s i c a l flows i n the b roades t sense. T h e y c a n be meas

u r e d i n t e r m s o f s p e c i f i a b l e un i t s a n d ra tes , f o r e x a m p l e : 

m a n - h o u r s per week, m a c h i n e - h o u r s p e r week , c u b i c feet 

per m i n u t e , b o a r d feet p e r sh i f t , B T U ' s p e r h o u r , a n d 

s o o n . 

In p r i n c i p l e a m a r k e t ex i s t s at the p o i n t s w h e r e the 

w o o d m a t e r i a l c h a n g e s h a n d s f r o m one stage to the next . 

In p r a c t i c e i n d i v i d u a l firms w i t h i n t h i s b r o a d l y d e f i n e d 

stages of product ion processes for a reg iona l 

TREE G R O W I N G L O G G I N G L O G PROCESSING W O O D & FIBER 
PROCESSING 

inputs other 
outputs 

houses, 
wood and 
wood using 
products 

other-
inputs 

wood 

other 
inputs 

veneer and 
plywood mills plywood, 

wood residues 

•UID rni 1 li / p u | p ^ OQDer mi 1 Is 

inputs 

paper, 
paperboard 

- other 
outputs 
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t i m b e r i n d u s t r y m a y c o r p o r a t e l y i n teg ra te u n d e r a s i n g l e 

c o m p a n y n a m e s e v e r a l o r a l l o f the stages s h o w n . M a n y 

firms o p e r a t e i n d e p e n d e n t l y w i t h i n o n l y a s i n g l e p rocess , 

s u c h as l o g g i n g o r s a w m i l l o p e r a t i o n s , h o w e v e r . T h e 

p r i c e assoc ia ted w i t h each i n p u t o r o u t p u t m a y be a 

marke t p r i c e at w h i c h the un i t i s a c t u a l l y t r a d e d , o r it m a y 

be a n imputed p r i c e c o r r e s p o n d i n g to a fictitious sa le 

w i t h i n a c o r p o r a t e o r g a n i z a t i o n . In p r i n c i p l e , t h e n , a 

p ro f i t c a l c u l a t i o n c a n be m a d e at each stage f o r each firm 

o r i n d i v i d u a l o p e r a t i o n in the i n d u s t r y . 

T h e a c t u a l p ro f i t resu l t s f o r a se r i es o f past p e r i o d s , if 

a d v e r s e , m a y f o r c e a n o p e r a t i o n to shut d o w n . E x p e c t a 

t i o n s o f f u t u re p r o f i t s , a s c a l c u l a t e d on the b a s i s of 

p r o b a b l e p r i c e s , m a y lead to the o p e n i n g o f a new p r o 

d u c t i o n o p p o r t u n i t y , o r the e x p a n s i o n o f a n e x i s t i n g o p 

e r a t i o n . L e t us n o w see h o w s u c h p r i c e a n d p ro f i t f ac to rs 

affect the tree g r o w i n g , l o g p r o d u c i n g , a n d p r i m a r y l o g 

p r o c e s s i n g s tages, r e s p e c t i v e l y . 

1. THE TREE-GROWING STAGE 
Institutional features 

T h e t r e e - g r o w i n g stage d i f f e r s in two i m p o r t a n t respects 

f r o m a l l l a te r s tages i n the t i m b e r i n d u s t r y : ( 1 ) a l a r g e 

segment o f the p r o d u c t i o n c a p a c i t y i s o w n e d a n d o p e r a t e d 

by g o v e r n m e n t , a n d 121 the p ro f i t m o t i v e i s no t a n essen

t i a l f a c t o r in d e c i s i o n s — c h i e f l y those of the g o v e r n m e n t — 

a f f e c t i n g a l a r g e pa r t o f the i n d u s t r y . I n t h i s r e g i o n , the 

th ree m a i n c l a s s e s o f o w n e r s a n d c o r r e s p o n d i n g ac reages 

h e l d a r e : 

Government ownerships 
Large private ownerships 
Small private ownerships 

11.5 million acres 
2.5 million acres 
3.0 million acres 

T h e ac reages i n d i c a t e d he re d o not p r e c i s e l y m i r r o r the 

i m p o r t a n c e o f h o l d i n g s i f m e a s u r e d i n t e r m s o f e i t he r 

s t a n d i n g v o l u m e of t i m b e r o r p o t e n t i a l g r o w t h ra tes , 

s i n c e p r i v a t e h o l d i n g s u s u a l l y c o n t a i n the be t te r s i tes 

a n d , i f not g rea te r a c t u a l v o l u m e s , at least g r e a t e r p o t e n 

t i a l g r o w t h . T h e s e bet ter l a n d s a re m o s t l y i n a n d a d j a c e n t 

to the v a l l e y s on w h i c h e a r l y d e v e l o p m e n t a n d c o n s t r u c -

T A B L E 9 - P R I V A T E O W N E R S H I P H O L D I N G S O F C O M M E R C I A L F O R E S T L A N D 
B Y SIZE C L A S S , 1 9 5 3 

M O N T A N A 
Thousands Number of Thousands Number of 

of acres owners of acres owners 
1,875 4 — — 

222 16 • » 

1,625 1.671 45 8 
840 5,471 143 353 
295 7.374 408 17.602 

4,857 14,536 596 17,963 

50,000 acres and larger 
5.000 to 50,000 acres 
500 to 5,000 acres 
100 to 500 acres 
under 100 acres 

All Private Holdings 

—None recorded 
"Included in neyt smaller size class to avoid possible disclosure of individual owners. 

Source Forest Service [39] 

t i o n o f s a w m i l l s took p l a c e . T h e g o v e r n m e n t d o m a i n n o w 

in n a t i o n a l fo res ts h a s t y p i c a l l y c o n t a i n e d the m o r e re

mote t i m b e r a n d lesser q u a l i t y s i tes. 

In to ta l p e r h a p s s o m e 2 .5 m i l l i o n acres of the r e g i o n ' s 

17 m i l l i o n ac res o f fo res t l a n d are o w n e d by a r e l a t i v e l y 

few l a r g e c o r p o r a t i o n s , i n c l u d i n g the N o r t h e r n P a c i f i c 

R a i l r o a d C o m p a n y , the J . N e i l s L u m b e r D i v i s i o n of S t . 

R e g i s P a p e r C o m p a n y , A n a c o n d a C o m p a n y , a n d H o m e -

s take M i n i n g C o m p a n y - T h e first of these, a l and -g ran t 

r a i l r o a d , ope ra tes n o s a w m i l l of i ts o w n but ins tead s e l l s 

s t u m p a g e to v a r i o u s m i l l ope ra to r s a n d con t rac to r s . T h e 

o thers o p e r a t e s a w m i l l s w h i c h p r o d u c e a va r i e t y o f l u m 

b e r a n d p r o d u c t s i n a d d i t i o n to m i n e t i m b e r s . 

A b o u t a n e q u a l ac reage to ta l is f o u n d in o ther p r i 

va te h o l d i n g s — m o s t l y s m a l l h o l d i n g s o n f a r m s a n d 

ranches . T a b l e 9 g i ves a b r e a k d o w n of p r i v a t e o w n e r s h i p 

h o l d i n g s . 

O f the 1 1 - p l u s m i l l i o n ac res o w n e d b y g o v e r n m e n t a l 

u n i t s , less t han one m i l l i o n ac res are state a n d c o u n t y 

fo res ts a n d the r e m a i n d e r a re f e d e r a l h o l d i n g s . In o u r 

d i s t r i c t , as in m o s t pa r t s o f the W e s t , the F o r e s t S e r v i c e i s 

the m a j o r t i m b e r g r o w e r a n d c o n s e q u e n t l y the m a j o r 

s o u r c e o f s u p p l y o f w o o d f o r the la te r p r o c e s s i n g stages. 

T h e s e , t h e n , are the m a j o r g r o u p s of l a n d h o l d e r s w h o 

m a k e the d i s t r i c t ' s d e c i s i o n s a b o u t t ree g r o w i n g — e a c h 

w i t h a c h a r a c t e r i s t i c a l l y d i f fe ren t a p p r o a c h . W e w i l l l o o k 

at e a c h b r i e f l y a f te r p r e s e n t i n g an abs t rac t f r a m e w o r k 

t h r o u g h w h i c h t h e i r a p p r o a c h e s may be c o m p a r e d . 

Production economics of tree growing 
T h e n o t i o n o f t ree g r o w i n g as a p r o d u c t i o n process c a n 

be a p p l i e d i n g e n e r a l to any forest h o l d i n g . L i k e any 

o ther i n d u s t r i a l p r o c e s s , t ree g r o w i n g c a n be a n a l y z e d 

for p r o f i t a b i l i t y by e x a m i n i n g a l l assoc ia ted revenues a n d 

e x p e n d i t u r e s . 

A p r o f i t figure c a n be ca l cu l a t ed af ter the f a c t — s a y f o r 

the past y e a r ' s o p e r a t i o n s — b y the u s u a l f o r m u l a . T h a t i s , 

c o m p u t e the revenues rece i ved by s e l l i n g the ou tpu ts 

( p r i c e o f each o u t p u t t imes the q u a n t i t y of each ou tpu t 

s o l d ) a n d sub t rac t the expenses ( p r i c e o f each i npu t t imes 

the q u a n t i t y o f each i npu t 

p u r c h a s e d ) . S o m e o f these 

p r i ces w i l l be a c t u a l a n d per 

h a p s r e c o r d e d i n con t rac t 

( f o r e x a m p l e , the m a n - h o u r 

w a g e o r the g a l l o n p r i c e o f 

d i ese l f u e l ) . S o m e , h o w e v e r , 

w i l l be i m p u t e d ( f o r e x a m 

p l e , the m a c h i n e - h o u r p r i c e 

of a t r e e - p l a n t i n g m a c h i n e 

p a i d f o r at the t ime of pu r 

c h a s e bu t e x p e c t e d to ope ra te 

o v e r a p e r i o d of y e a r s ) . 

SOUTH DAKOTA 
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Timber resources: economic availability 

Note that the c o m b i n a t i o n o f i n p u t s i n the t r e e - g r o w i n g 

process p r o d u c e s s t u m p a g e , a n d that the sa le o f s t u m p a g e 

is r e q u i r e d to p r o d u c e r e v e n u e . A s i n a n y b u s i n e s s , there 

is the poss ib i l i t y o f b u i l d i n g u p i n v e n t o r y by g r o w i n g 

m o r e than i s s o l d , as w e l l as o f d r a w i n g d o w n i n v e n t o r y 

by se l l i ng m o r e than is g r o w n . In the e x t r e m e it is pos 

s ib l e to genera te revenue by s e l l i n g a l l the s t a n d i n g t i m b e r 

fo r i m m e d i a t e c u t t i n g . 

In inves tment d e c i s i o n s — d e c i s i o n s , f o r e x a m p l e , a b o u t 

the k i n d o f forest m a n a g e m e n t p r o g r a m , i f a n y , to u n d e r 

take o r to c o n t i n u e — e x p e c t a t i o n s a b o u t f u t u re p r o f i t s i s 

a c r u c i a l i n g r e d i e n t . M o r e e x a c t l y it is i m p o r t a n t to any 

p r i va te i n v e s t o r i n a t r e e - g r o w i n g p r o g r a m to t ake i n t o 

accoun t h o w m u c h a n d w h e n he i s r e q u i r e d to inves t , 

a n d the t i m i n g a n d a m o u n t o f revenues w h i c h the p r o 

g r a m is expec ted to genera te . A b o v e a l l . lime i s i m p o r t a n t , 

because there a re m a n y a l t e rna t i ves f o r i nves ted m o n e y . 

T a k e i b i s e x a m p l e : T h i n n i n g out t rees i n dense y o u n g 

s tands a n d p r u n i n g a w a y l o w e r b r a n c h e s w i l l resu l t i n 

i m p r o v e d g r o w t h ra tes o v e r the r o t a t i o n a n d i n c r e a s e d 

s t u m p a g e va lues at ha rves t . F o r e s t S e r v i c e s t u d i e s 1 3 i n 

western M o n t a n a i n d i c a t e that t h i n n i n g a n d p r u n i n g o f 

p o n d e r o s a p i n e on m e d i u m si tes w i l l i n c rease harves t 

va lues f r o m a n es t ima ted S 1 0 0 p e r a c r e w i t h o u t t rea tment 

to an es t ima ted 8 9 6 3 w i t h t rea tment . T h e t h i n n i n g cost 

is es t imated at S 2 0 p e r a c r e a n d p r u n i n g at 8 3 3 — i n o ther 

w o r d s . 8 5 3 inves ted b r i n g s a net r e t u r n o f 8 8 6 3 . B u t . as 

the f o l l o w i n g d i a g r a m i n d i c a t e s , the t ime s p a n is l o n g : 

expenditure and revenue per acre 

S850 | 

S100 

thinning cost $20 per ocre ot year 10 
S50 O 

pruning cost $33 
per acre at year 30 

20 40 60 80 100 
10 

120 

0 extra revenue 

I from thinning 
and pruning 
amounts to $863 at 
harvest year 140 

140 160 180 200 
age of stand in years 

S u p p o s e ins tead that the m o n e y we re p l a c e d f o r the 

same length of t ime i n a s a v i n g s a c c o u n t p a y i n g 3 pe rcen t 

in terest , c o m p o u n d e d a n n u a l l y : 

value of investment principal plus interest ot 3% 
$1800 

$100 

$20 ot 
$50 year 10 

o .. 
• K 

additional $33 
1 V invested at year 30 

A value of S20 after 
V 2 0 years at 3% = $36.12 

40 60 80 100 120 140 

I M by year 140 
I V the value of 

original 
investments 
has reached 
$1785 
160 180 200 

years 

A s the s e c o n d d i a g r a m i n d i c a t e s , a 3 p e r c e n t s a v i n g s 

ce r t i f i ca te c a n be expec ted to r e t u r n a b o u t tw i ce as m u c h 

as the same m o n e y inves ted i n the p r u n i n g a n d t h i n n i n g 

ef for t . T h e rate of return o n i nves tmen t in t h i n n i n g a n d 

p r u n i n g c a l c u l a t e d f r o m the a b o v e da ta t u r n s ou t to be 

a b o u t 2 .4 p e r c e n t . 1 4 

K a t e o f r e t u r n is p e r h a p s the best s i n g l e c r i t e r i o n i n 

p r i v a t e i nves tmen t d e c i s i o n s , s i n c e it p r o v i d e s a m e a s u r e 

o f the e f f ic iency w i t h w h i c h a f i r m ' s m o n e y m a y be put to 

w o r k i n v a r i o u s a l t e r n a t i v e uses. A n e x p e c t e d ra te o f 

r e t u r n o f 2.4 percen t is m u c h too l o w f o r mos t p r i v a t e 

c o r p o r a t i o n s i n the U n i t e d S ta tes , a n d it b e c o m e s e v e n 

less a t t rac t i ve w h e n the p o s s i b l e r i s k s of a n y l o n g - t e r m 

l i m b e r g r o w i n g v e n t u r e a r e c o n s i d e r e d . B u t the F o r e s t 

S e r v i c e , w h i c h e f fec t i ve l y uses a z e r o in teres t ra te as an 

a c c e p t a b l e m i n i m u m s t a n d a r d , m i g h t find s u c h a v e n t u r e 

a t t r ac t i ve . 

P l a n n i n g f o r m a x i m u m financial r e t u r n i n a f o r e s t r y 

p r o g r a m c o m m i t t e d to s u s t a i n e d y i e l d n o r m a l l y resu l ts 

i n c h o i c e s o f r o t a t i o n that d o not m a x i m i z e the p h y s i c a l 

flow of w o o d . C o n s i d e r a t i o n o f in teres t ra tes a n d the 

" c o s t " o f m o n e y pu ts a p r e m i u m on ge t t i ng t h i n g s d o n e 

s o o n e r . L e t ' s see h o w th is w o r k s . 

S u p p o s e we e x a m i n e the p rospec t o f i n v e s t i n g i n a 

p o n d e r o s a p i n e e n t e r p r i s e s t a r t i n g f r o m s c r a t c h a n d 

g r o w i n g s a w t i m b e r f o r sa le as s t u m p a g e . A s s u m e o u r 

e x p e c t a t i o n s a b o u t the f u t u re a re as f o l l o w s : ( 1 ) we c a n 

e s t a b l i s h p i n e s e e d l i n g s on o u r l a n d f o r 8 1 5 a n a c r e 

( r o u g h l y the cos t o f a e r i a l s e e d i n g ) ; ( 2 ) we w i l l p a y 

S .1H per a c r e as a r e g u l a r a n n u a l m a n a g e m e n t e x p e n s e 

o v e r the e n t i r e r o t a t i o n : 13) m e r c h a n t a b l e boa rd - fee t 

v o l u m e s w i l l a c c u m u l a t e on t rees 7 i n c h e s a n d l a r g e r 

a c c o r d i n g to the a v e r a g e n a t u r a l y i e l d tab les on s i te-

i n d e x - 8 0 l a n d : a n d ( 4 ) we c a n s e l l the a c c u m u l a t e d 

b o a r d - f o o t v o l u m e I I n t e r n a t i o n a l V s - i n c h r u l e ) i n a n y 

year we c h o o s e at 8 2 0 p e r t h o u s a n d b o a r d feet, net . W i t h 

these a s s u m p t i o n s we c a n c o m p u t e a rate <>f r e t u r n for 

a n y c h o i c e o f r o t a t i o n . A r o t a t i o n of 110 y e a r s , w h i c h 

g i v e s us m a x i m u m s u s t a i n a b l e y i e l d , w o u l d s h o w these 

e x p e c t e d m o n e y flows: 

$15 per acre outflow at year 1 
18c per acre outflow each year from 1 until 110 

$688 per acre inflow at year 110 

T h i s s c h e m e o f i nves tmen t a n d r e c o u p m e n t has a n 

e q u i v a l e n t ra te o f r e t u r n of a b o u t 3 ' / i p e r c e n t c o m p o u n d 

e d a n n u a l l y . I f we s i m i l a r l y c a l c u l a t e a ra te of r e t u r n f o r 

" T h e equivalent rate of return, or " internal rale of return," on a 
stream of investments and receipts can lie found by solving for 
i in the following equation: 

i = " 

E 
i = o 

F, (I + r) ' - 1 = 0 

' 'See Hutchison et al 161. Wikstrom et al 124]. 

where F j is the net cash flow (expenditure minus revenue) for 
the year j . and where j can take all integral values from zero 
(the year the enterprise starts) to n (the year the enterprise 
plan ends). Th is is normally solved by an iterative, 'trial-and-
error' procedure. 
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each o f the o the r p o s s i b l e r o t a t i o n c h o i c e s , a n d c o m p a r e 

t hem g r a p h i c a l l y , we o b t a i n : 

rote of return 
6% 

rate of return for various choices of 
-. rotation with assumed costs and prices 

4 * > ^ ^ ^ * v - £ > -

M A maximum rate of return 
V 4.4% at rotation of 60 years 

0 
20 40 60 80 100 120 140 160 180 200 

rotation in years 

F r o m th is i n f o r m a t i o n we see that the p r i v a t e i n v e s t o r 

c o m m i t t e d to s u s t a i n e d y i e l d w o u l d select a r o t a t i o n o f 

6 0 y e a r s i f he w i s h e d to get the mos t ou t o f the use o f h i s 

m o n e y (4 .4 p e r c e n t ) . A t t h i s r o t a t i o n , by the w a y , the 

s u s t a i n a b l e y i e l d w o u l d a v e r a g e t w o - t h i r d s as m u c h in 

b o a r d - f o o t v o l u m e as w o u l d be f o r t h c o m i n g u n d e r m a x i 

m u m s u s t a i n a b l e y i e l d (at a r o t a t i o n o f 110 y e a r s ) . 

T h e v a l u e figures we h a v e c h o s e n a b o v e a r e p u r e l y 

i l l u s t r a t i v e . A e r i a l s e e d i n g , at 8 1 5 a n a c r e , m a y not be 

a d e q u a t e to d o the j o b I s o m e firms figure a e r i a l s e e d i n g 

h a s o n l y a o n e - i n - f o u r c h a n c e o f e s t a b l i s h i n g m e d i u m 

s t o c k i n g ) : i f we h a d to resor t to h a n d p l a n t i n g to get o u r 

t ract g o i n g , i n i t i a l cos ts m i g h t r e a c h S 4 5 a n a c r e a n d 

m o r e . In th i s c i r c u m s t a n c e o u r best e x p e c t e d ra te o f re

t u r n w o u l d be k n o c k e d d o w n c o n s i d e r a b l y be low the 

4 .4 percen t m a x i m u m we c a l c u l a t e d e a r l i e r . 

M o r e o v e r , we a s s u m e d that s t u m p a g e v a l u e w o u l d be 

cons tan t at 8 2 0 per t h o u s a n d b o a r d feet. W e c o u l d jus t 

as we l l a s s u m e i n c r e a s i n g va l ues per t h o u s a n d b o a r d feet 

f o r o l d e r t r e e s — e i t h e r because the i n c r e a s e d s i ze o f l ogs 

i s o f g rea te r v a l u e to s a w m i l l s , o r b e c a u s e we expec t i n 

c r e a s i n g sca rc i t y a n d i n f l a t i n g s t u m p a g e p r i ces in the 

d i s tan t f u tu re . If we a s s u m e i n c r e a s i n g v a l u e s , we w o u l d 

c h o o s e a l o n g e r r o t a t i o n f o r best ra te o f r e t u r n , a n d o u r 

ra te of r e t u r n m i g h t i n d e e d be h i g h e r . I n c l u s i o n o f a d d i 

t i o n a l r e v e n u e f r o m p o s s i b l e i n t e r m e d i a t e c u t t i n g s p r i o r 

to final ha rves t w o u l d a lso i m p r o v e o u r ra te o f r e t u r n . 

O n the bet ter s i tes , w h i c h a r c very l i m i t e d i n a v a i l a b i l i t y , 

r e t u r n w o u l d be h i g h e r ; o n p o o r e r s i tes ( p u b l i c - o w n e d 

l a n d s o n the a v e r a g e t end to be h e a v i l y w e i g h t e d w i t h 

t h e s e ) , r e t u r n would be correspondingly lower. 

T h e r o t a t i o n - v e r s u s - r e t u r n c u r v e i l l u s t r a t e d a b o v e i s 

s p e c i f i c to s o m e a s s u m e d l e v e l o f m a n a g e m e n t i n t ens i t y . 

If the l e v e l o f m a n a g e m e n t i n tens i t y ( m e a s u r e d , s a y , by 

e x p e n d i t u r e s o n fo res t t r e a t m e n t ) we re c h a n g e d , the ex

pec ted r e t u r n s w o u l d a l s o c h a n g e , a n d a n e w a n d d i f f e ren t 

" b e s t " ra te a n d " o p t i m u m " r o t a t i o n w o u l d resu l t . 

T h e b igges t o b s t a c l e to the use o f s t r ic t e c o n o m i c 

c r i t e r i a in p l a n n i n g for m a x i m u m r e t u r n o n a s u s t a i n e d 

y i e l d t i m b e r e n t e r p r i s e i s l a c k o f k n o w l e d g e a b o u t the 

way forest g r o w t h w i l l r e s p o n d to v a r i o u s t i m b e r m a n a g e 

men t m e a s u r e s . T h e o r e t i c a l l y , s o m e one l e v e l o f m a n 

a g e m e n t e x p e n d i t u r e w i l l l ead to the h ighes t m a x i m u m 

r e t u r n . 1 . T h e p ro f i t m a x i m i z e r ' s j o b is to se lect a l eve l 

of m a n a g e m e n t i n tens i t y a n d a r o t a t i o n that y i e l d s the 

h ighes t p o s s i b l e r e t u r n f o r the forest in q u e s t i o n — 

e q u i v a l e n t to finding the h i g h p o i n t of the h i l l in F i g u r e 

3. H e must then d e c i d e , g i v e n the r i s k he sees in the enter

p r i se a n d the r e t u r n s that a re o p e n to h i m f r o m a n a l 

t e rna t i ve use of h i s f u n d s , whe the r o r not the expec ted rate 

of r e t u r n i s a d e q u a t e . If it is no t , the p ro f i t - o r i en ted i n 

ves to r p r e s u m a b l y w o u l d re fuse to invest . 

I n g e n e r a l , financial y i e l d o n sus ta ined -ou tpu t forest 

e n t e r p r i s e s a p p e a r s to be v e r y l o w — o f the o r d e r o f a few-

percen t o r less . F o r the b u l k o f p r i va te o w n e r s c o m 

m i t t ed to s u s t a i n e d y i e l d , c o n s i d e r a t i o n s other than pro f i t 

a b i l i t y o f t r e e - g r o w i n g a re o v e r r i d i n g . F o r most o w n e r s 

w h o s e forest l a n d h a s s o m e m e r c h a n t a b l e t i m b e r a l r e a d y 

on i t . the most p r o f i t a b l e d e c i s i o n f r o m the s t a n d p o i n t 

of expec ted r e t u r n is p r o b a b l y the i m m e d i a t e sa le a n d re

m o v a l o f as m u c h o f the t i m b e r as the marke t w i l l bear . 

M a n y p r i v a t e o w n e r s , p a r t i c u l a r l y s m a l l - t r a c t o w n e r s , 

find the e c o n o m i c p r e s s u r e s to " m i n e " the forest a lmos t 

i r r e s i s t a b l e . 

Decision factors in practice 
T h e f o r e g o i n g f r a m e w o r k f o r d e c i s i o n m a k i n g i n tree 

g r o w i n g is a t h e o r e t i c a l one . T h e task of c o n s t r u c t i n g a 

s c h e d u l e o f f u t u re revenues a n d expenses mus t be based 

o n e x p e c t a t i o n s o f c o n d i t i o n s abou t w h i c h there is c o n 

s i d e r a b l e u n c e r t a i n t y . P ro f i t m a x i m i z i n g o f th i s h y p o 

t h e t i c a l sor t r e q u i r e s c o m p l e t e k n o w l e d g e of the tech

n o l o g i c a l p o s s i b i l i t i e s , a l t h o u g h in fact m a n y inpu t -

ou tpu t r e l a t i o n s h i p s in t ree g r o w i n g are p o o r l y de f i ned 

e v e n u n d e r today's c o n d i t i o n s . 

I n sp i t e o f the p r a c t i c a l d i f f i cu l t i es a n d the u n c e r t a i n 

t ies in c o m p u t i n g a n e x p e c t e d - e a m i n g s s t r e a m , th i s bas i c 

a p p r o a c h c a n be u s e d , in p r i n c i p l e , by any tree g r o w e r 

a s a g u i d e to d e c i s i o n s abou t the a p p r o p r i a t e l eve l at 

w h i c h to o p e r a t e the t r e e - g r o w i n g p rocess . A s it t u rns 

ou t , mos t o f the forest h o l d i n g s a re not ope ra ted th is w a y . 

L e t us see h o w the v a r i o u s o w n e r s h i p c lasses d o a p p r o a c h 

t r e e - g r o w i n g d e c i s i o n s . 

a. Small private owners 
A l m o s t no o w n e r in t h i s c l a s s v i e w s h i m s e l f as a n 

o p e r a t o r of a t r e e - g r o w i n g e n t e r p r i s e . M o r e c o m m o n l y 

he m i g h t p l a y the r o l e o f a b r o k e r i n the sa le of t rees 

that h a p p e n to be s t a n d i n g on h i s p r o p e r t y . H e does th is 

because , in the first p l a c e , a s m a l l p r o p e r t y canno t be op

e ra ted e f fec t i ve l y as a s u s t a i n e d y i e l d un i t by i tse l f . R o t a 

t i o n p e r i o d s a re l o n g c o m p a r e d w i th the l i fe o f a h u m a n 

, 5 Subjec t only to the plausible assumption of diminishing returns 
to management inputs in the tree-growing process. A general 
assumption in this analysis is that the managers attain maximum 
technical efficiency for any given level of expenditure on inputs. 
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F i g u r e 3 — T h e o r e t i c a l r e l a t i o n o f r o t a t i o n a n d m a n a g e m e n t i n t e n s i t y 

t o r a t e o f r e t u r n f o r a t r e e - g r o w i n g e n t e r p r i s e 

relurn on 
Investment 
par acre 

madman 'prof i tabi l i ty ' 
f i r tree-groivina, re 
from this choice of 
management Intensity 
and rotation 

equivalent 
annual coil 
af managed 
inputs par acre 

i n d i v i r J u a l , a n d o n l y a few p e r i o d i c sa les c o u l d be m a d e 

f r o m a s m a l l fo res t d u r i n g t h i s s p a n . T h e r e f o r e , l o n g 

st retches between p a y c h e c k s w o u l d o c c u r , d u r i n g w h i c h 

sunk costs i n c l u d i n g taxes a n d m a n a g e m e n t e x p e n s e s 

w o u l d have to be c a r r i e d . 

Just as i m p o r t a n t , the s m a l l l a n d o w n e r r a r e l y h a s the 

r e q u i r e d k n o w l e d g e a b o u t t e c h n i c a l p r o d u c t i o n p o s s i b i l i 

t ies. H e l a c k s suf f ic ient ' f e e l ' of the t i m b e r i n d u s t r y a n d 

the marke t to m a k e s m a r t d e c i s i o n s a b o u t h i s h o l d i n g s . 

H e may p r e f e r to use the forest l a n d i n o t he r w a y s — a s 

g r a z i n g l a n d , as a b u i l d i n g s i te , o r s i m p l y as a s p e c u l a t i v e 

possess ion . A s a resu l t , the s m a l l p r i v a t e o w n e r tends to 

be least c o n c e r n e d a m o n g the o w n e r s h i p c lasses w i t h the 

l o n g - r u n o u t l o o k o r w i t h c o n s e q u e n c e s of h is a c t i o n s o n 

the forest . E v e n w h e n he c o n s e r v e s forest s tands i n o r d e r 

to a c c u m u l a t e w o o d f o r f u t u re s a l e , he g e n e r a l l y a p 

p l i e s a m i n i m u m leve l o f m a n a g e m e n t i n o r d e r to h o l d 

d o w n the cos ts s u n k i n to the p r o p e r t y . F i n a n c i a l c r i s e s 

may fo rce h i m to l i q u i d a t e e x i s t i n g s tocks of m e r c h a n t a 

b le t i m b e r . In g e n e r a l , c u t t i n g on these l a n d s tends to be 

i n excess o f s u s t a i n a b l e y i e l d l e v e l s — e s p e c i a l l y i n t imes 

of keen d e m a n d a n d h i g h s t u m p a g e p r i c e s . 

b. Large private owners 
T h i s g r o u p s tands c loses t to the p o s i t i o n of the p r o f i t 

m a x i m i z e r in m a n a g e m e n t of the t r e e - g r o w i n g p r o c e s s . 

T h e b u l k of the l a n d i n th i s c a t e g o r y o f o w n e r s h i p be

longs to l a r g e , p r i va te c o r p o r a t i o n s w h i c h u s u a l l y in te

gra te seve ra l s tages of the t i m b e r o p e r a t i o n s w i t h i n a 

s i n g l e c o m p a n y , s u c h a s s a w m i l l s , venee r m i l l s , p u l p 

m i l l s , a n d v a r i o u s t ypes o f s e c o n d a r y m a n u f a c t u r e . 

M o s t of these c o m p a n i e s h a v e a d o p t e d s o m e f o r m o f 

s u s t a i n e d y i e l d p r o g r a m in 

m a n a g i n g the i r fo res t h o l d 

i ngs . T h i s l o n g - r a n g e e m p h a 

s is resu l t s p a r t l y f r o m the 

i n d e f i n i t e l y l o n g l i f e o f co r 

po ra te o r g a n i z a t i o n , w h i c h 

r e q u i r e s p l a n n i n g f o r o p e r a 

t i o n s w e l l b e y o n d the l i v e s 

o f m a n y o f the i n d i v i d u a l s 

d o i n g the p l a n n i n g , a n d 

p a r t l y f r o m p u b l i c p r e s s u r e s 

o r p o t e n t i a l p ressu res . O p 

e r a t i o n s in g e n e r a l a re not 

k e y e d to m a x i m u m p h y s i c a l 

f l ow but r a t h e r to s o m e lesser 

s u s t a i n e d ha rves t r e s u l t i n g 

f r o m a c o m b i n a t i o n o f ro

t a t i on p e r i o d a n d l e v e l of 

m a n a g e m e n t i n tens i t y that 

c o n t r i b u t e s m o r e to r e t u r n 

on the c o m p a n i e s ' f u n d s . 

R a r e l y does the t i m b e r p r o c e s s i n g c o m p a n y h a v e suffi

c ien t h o l d i n g s to s u p p l y a l l i ts c o m p a n y needs. A s a re

su l t a l m o s t a l l c o m p a n i e s d e p e n d to s o m e ex tent on o the r 

s e l l e r s , n o t a b l y the F o r e s t S e r v i c e . T h e p r i c e at w h i c h 

s u c h c o m p a n i e s s e l l t h e i r o w n t i m b e r to t h e m s e l v e s , a n 

i n t e r n a l a c c o u n t i n g t r a n s a c t i o n , w i l l be r e l a t i v e l y s t a b l e 

o v e r shor t p e r i o d s o f t i m e , re f l ec t i ng the l o n g e r - t e r m na

t u r e o f the cos ts o f a t i m b e r m a n a g e m e n t p r o g r a m , the 

a c q u i s i t i o n of l a n d , the i n p u t s , a n d in terest c h a r g e s . 

D u r i n g p e r i o d s o f l o w d e m a n d , a n d h e n c e r e l a t i v e l y 

l o w s t u m p a g e p r i c e s , the a l t e r n a t i v e o f b u y i n g s t u m p a g e 

f r o m the F o r e s t S e r v i c e o r f r o m o ther p r i v a t e s e l l e r s 

becomes a t t r ac t i ve . B u t of c o u r s e , c i r c u m s t a n c e s o f w e a k 

d e m a n d w o u l d l i m i t the a b i l i t y of mos t c o m p a n i e s to 

take a d v a n t a g e of ou t s i de p u r c h a s e s . T h e c a p i t a l g a i n s 

a r r a n g e m e n t f o r t a x a t i o n o f t i m b e r i n c o m e c o u l d a l s o 

m o d i f y a c o m p a n y ' s ou t s i de p u r c h a s e d e c i s i o n s . In g e n 

e r a l , a l l the l a r g e p r i v a t e h o l d e r s a re v e r y r e s p o n s i v e to 

c h a n g e s in f i n a n c i a l f ac to rs . 

c. Forest Service holdings 
F o r e s t S e r v i c e d e c i s i o n s w i t h respec t to t ree g r o w i n g 

a r e e s p e c i a l l y i m p o r t a n t , not o n l y b e c a u s e the F o r e s t 

S e r v i c e m a n a g e s a m a j o r i t y o f the d i s t r i c t ' s fo res t ac re 

age , bu t a l s o b e c a u s e i ts p o l i c i e s have s t r o n g i n f l uence 

o n the a c t i o n s o f o t he r forest l a n d h o l d e r s . T h e F o r e s t 

S e r v i c e c o n s i d e r s e c o n o m i c c r i t e r i a i n i ts d e c i s i o n m a k 

i n g . Y e t one i m p o r t a n t w a y i n w h i c h it d i f f e r s f r o m p r i 

va te i n d u s t r y i s that it d o e s not p l a c e the p r e m i u m o n 

c u r r e n t i n c o m e as o p p o s e d to f u t u r e i n c o m e that p r i v a t e 

d e c i s i o n m a k e r s mus t . 

A l t h o u g h n a t i o n a l fo res t p o l i c y as d e f i n e d i n l a w is 
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not s p e c i f i c a l l y c o m m i t t a l " 1 . F o r e s t S e r v i c e d e c i s i o n m a k 

e r s l e a n t o w a r d m a x i m u m s u s t a i n e d p h y s i c a l f low o f 

w o o d : thus , they p r o b a b l y p i c k l o n g e r r o t a t i o n s t han 

w o u l d p r i v a t e d e c i s i o n m a k e r s in c o n t r o l of the s a m e 

forest l a n d s . Jus t h o w m u c h l o n g e r i s i m p o s s i b l e to say 

because as w e h a v e a l r e a d y p o i n t e d ou t , d e t e r m i n i n g a 

m a x i m i z i n g r o t a t i o n is i n h e r e n t l y a n i m p r e c i s e task , de

p e n d i n g u p o n a r b i t r a r y d e c i s i o n s s u c h as the c h o i c e o f 

s ca le by w h i c h v o l u m e is m e a s u r e d , a n d t e c h n o l o g i c a l 

a s s u m p t i o n s abou t h o w fu l l y the l o g is u t i l i z e d . 

T h e l e v e l of m a n a g e m e n t in tens i ty o n n a t i o n a l fo res ts 

i s g e n e r a l l y k e y e d to p r o d u c t i o n o b j e c t i v e s the F o r e s t 

S e r v i c e d e e m s necessary to meet f u t u re w o o d r e q u i r e 

m e n t s . " H o w e v e r , a v a i l a b l e f i nances l a r g e l y d e t e r m i n e 

the l eve l a t t a i n e d . C a s h p a y m e n t s f o r i n p u t s r e q u i r e d to 

meet the F o r e s t S e r v i c e ' s c h o s e n in tens i t y o f m a n a g e m e n t 

a r e f i n a n c e d f r o m t w o s o u r c e s : (a I c o n g r e s s i o n a l ap 

p r o p r i a t i o n s : l b I p a y m e n t s by p r i v a t e f i r m s a n d i n 

d i v i d u a l s u n d e r s p e c i a l c o n t r a c t u a l r e q u i r e m e n t s c o n 

nec ted w i t h s t u m p a g e s a l e s . " In a d d i t i o n , s p e c i a l fo res t 

m a n a g e m e n t e f fo r ts r e q u i r e d o f the s t u m p a g e b u y e r a t 

the t ime o f l o g g i n g a l s o c o n t r i b u t e t o w a r d a c h i e v i n g 

m a n a g e m e n t o b j e c t i v e s on n a t i o n a l fo res t l a n d . 

F o r e s t S e r v i c e p o l i c y p u b l i c l y a v o w s two b a s i c p r i n 

c i p l e s : multiple use a n d sustained yield. M u l t i p l e use 

r e c o g n i z e s that fo res ts p r o d u c e o the r v a l u a b l e o u t p u t s 

b e s i d e w o o d . T h e five c lasses of o u t p u t s r e c o g n i z e d i n 

P u b l i c L a w 8 6 - 5 1 7 . c i ted e a r l i e r , a r e : o u t d o o r r e c r e a t i o n , 

r a n g e , t i m b e r , w a t e r s h e d , a n d w i l d l i f e ( i n c l u d i n g fish). 

T h e r e l a t i ve i m p o r t a n c e o f these o u t p u t s m a y v a r y f r o m 

o n e l o c a l i t y to a n o t h e r , bu t the p r i n c i p l e of m u l t i p l e use 

r e q u i r e s that each be t a k e n i n to a c c o u n t — w i t h g r e a t e r 

o r lesser we igh t d e p e n d i n g o n the l o c a l s i t u a t i o n — i n 

forest m a n a g e m e n t p l a n n i n g . 

S u s t a i n e d y i e l d , a l r e a d y d i s c u s s e d i n c o n n e c t i o n w i t h 

t ree g r o w i n g , i s a c o n c e p t a p p l i e d in F o r e s t S e r v i c e p o l i c y 

to a l l five ou tpu t s . B e c a u s e these o u t p u t s d o no t neces

s a r i l y r e a c h the i r r espec t i ve m a x i m u m s u n d e r the s a m e 

m a n a g e m e n t p r o g r a m ( f o r e x a m p l e , m a x i m u m g r a z i n g 

use m i g h t con f l i c t w i t h m a x i m u m t i m b e r p r o d u c t i o n ) , 

the n o t i o n o f maximum s u s t a i n a b l e y i e l d i s not used . In

s t e a d , the p h r a s e " h i g h - l e v e l o u t p u t " is used i n the w o r d 

i n g o f the l a w . F o r o u r p u r p o s e s , the i m p o r t a n c e of th i s 

p o l i c y g u i d e to F o r e s t S e r v i c e d e c i s i o n m a k i n g i s the 

"'Forest Service objectives in national forest management, delin
eated in Pub l ic Lav. 86-517. 86th Congress, H.R. 10572, June 12. 
1960, declare that, " . . . the national forests be managed . . . 

. with consideration being given to the relative values of the vari
ous resources, and not necessarily the combination of uses that 
will give the greatest dollar return or the greatest unit output 
. . . (and administered for) the achievement and maintenance in 
perpetuity of a high-level annual or regular periodic ouput of the 
various renewable resources . . . " (Italics added.) 

" S e e Forest Service 1391, "Hear ings . . . " 1331. 
"Stumpage payments proper go directly to the United Slates 

Treasury'. 

fact that forest l a n d s , v i e w e d as p r o d u c i n g seve ra l out

pu t s , must c o m p r o m i s e the best interests of a l l o u t p u t s ; 

t hus , i n s o m e cases the need to p ro tec t wa te r f l ows o r 

r e c r e a t i o n v a l u e s may f o r c e a d o p t i o n of a p r o g r a m thai 

does not resu l t in m a x i m u m t i m b e r y i e l d . 

Effects and interaction of 
tree-growers' decisions 

W e have ske tched the v i e w p o i n t s of three g r o u p s of 

l a n d o w n e r s w h o s e i n d i v i d u a l d e c i s i o n s a d d u p to deter

m i n e the a m o u n t o f t ree g r o w i n g in the d i s t r i c t , n o w a n d 

in the f u t u r e . It se rves to i n d i c a t e b r o a d i ns t i t u t i ona l 

p e c u l i a r i t i e s at w o r k at the t r e e - g r o w i n g stage. In gen

e r a l , the F o r e s t S e r v i c e d i r e c t s its m a n a g e m e n t p r o g r a m 

b a s i c a l l y t o w a r d p r e d e t e r m i n e d p h y s i c a l p r o d u c t i o n 

g o a l s : l a r g e p r i v a t e o w n e r s , t h o u g h a l s o a i m i n g at per

p e t u a l y i e l d , set the l eve l o f t he i r m a n a g e m e n t p r o g r a m s 

i n a c c o r d a n c e w i t h pro f i t p r o s p e c t s , w h i l e s m a l l p r i va te 

h o l d e r s tend to l o o k u p o n the i r t i m b e r m o r e as a s tock 

a n d g i v e l i t t l e heed to the capac i t y of the i r l a n d for f u 

tu re t i m b e r g r o w t h . 

\ \ b i l e each of l ln-se g r o u p s m a \ choose its cou rse "I ac

t i o n i n d e p e n d e n t l y , based on its o w n c h a r a c t e r i s t i c ap 

p r o a c h to forest h o l d i n g s , t he i r d e c i s i o n s in teract i n 

m a n v w a y s . O f greates t in terest to us a re those reac t i ons 

w h i c h t ake p l a c e t h r o u g h the m a r k e t s y s t e m , in w h i c h 

ef fects o f ten offset each o t h e r . 1 " F o r e x a m p l e , a Fo res t 

S e r v i c e a c t i o n tha t r e d u c e d the a m o u n t o f i ts s t u m p a g e 

a v a i l a b l e to the m a r k e t t o d a y , w o u l d tend to ra i se c u r 

rent a n d nea r - t e rm s t u m p a g e p r i ces I a n d p o s s i b l y to 

l o w e r e x p e c t e d p r i c e s f o r the fa r f u t u r e , a s s u m i n g the 

p u r p o s e of the a c t i o n was to fos ter h i g h e r g r o w t h a n d 

s a l e s i n the f a r f u t u re I. T h i s c h a n g e i n p r i c e s w o u l d i n 

d u c e p r i v a t e g r o w e r s to s u p p l y m o r e t i m b e r out of cu r 

ren t h o l d i n g s a n d to reduce f u t u re a v a i l a b i l i t y , t hus tend

i n g to p a r t l y offset the ef fects o f the Fo res t S e r v i c e a c t i o n . 

N o t e that p r i c e s he re se rve as the s i g n a l s t h r o u g h w h i c h 

the a c t i o n s a r e e f fec ted. 

A s one f u r t h e r i l l u s t r a t i o n , r e c a l l that one of the 

p e c u l i a r i t i e s o f the t r e e - g r o w i n g stage ( c o n s i d e r e d as a 

p r o d u c t i o n p r o c e s s ) i s the l a r g e s ize of l i v e w o o d i n 

v e n t o r y in r e l a t i o n to a n n u a l g r o w t h . A s a resu l t , sa les 

d e c i s i o n s c a n be de tached f r o m t r e e - g r o w i n g d e c i s i o n s 

o v e r l o n g p e r i o d s of t ime . In o r d e r to s e l l s t u m p a g e , 

h o w e v e r , the s e l l e r mus t f i nd a b u y e r w h o des i res to buy 

at a p r i c e e s t a b l i s h e d between them. Bu t t ree i n v e n t o r y i s 

a l s o the c a p i t a l p l a n t of the tree g r o w e r , a n d d e c i s i o n s 

a b o u t the l e v e l o f th i s p l a n t are pa r t of a m a n a g e m e n t 

p r o g r a m . T h u s , i f b u y e r s d o not b u y wha t i s g r o w n f o r 

s a l e , th i s ref lects b a c k u p o n , a n d e f fec t i ve ly a l t e r s , the 

' " A s though operating under an economic version of Le Chatelier's 
principle, which might be stated as fol lows: if a change is ap
pl ied to a system in equi l ibr ium, the equil ibrium is shifted in a 
way thai tends lo undo the effect of the change. 
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managemen t p r o g r a m . T h e r e f o r e , m a n a g e m e n t d e c i s i o n s , 

h o w e v e r p h y s i c a l l y o r s i l v i c u l t u r a l l y o r i e n t e d , c a n n o t be 

d i v o r c e d f r o m the e c o n o m i c s o f the i n d u s t r y . T h i s se rves 

to c o n f i r m o u r h u n c h that the " s i z e " o f the t i m b e r re

sou rce canno t be m e a s u r e d on the bas i s of t e c h n o l o g i c a l 

c o n s i d e r a t i o n s a l o n e . 

DECISION FACTORS IN 
THE LATER STAGES OF 
THE TIMBER INDUSTRY 

L a t e r s tages in the t i m b e r i n d u s t r y , s u c h as l o g p r o d u c 

t i o n a n d l o g p r o c e s s i n g , a re on the r e c e i v i n g e n d of the 

f low of t i m b e r s o l d by the tree g r o w e r . T h e m o t i v a t i o n s 

b e h i n d these la te r s tages a re m u c h s i m p l e r to d e f i n e . A l l 

of t h e m , u p to a n d i n c l u d i n g the m a n u f a c t u r e o f final 

c o n s u m e r p r o d u c t s , i n v o l v e p r i v a t e p ro f i t - seek i ng firms. 

In g e n e r a l , these firms a re n u m e r o u s a n d not i n d i v i d u a l l y 

d o m i n a n t in the m a r k e t s in w h i c h they se l l . " ' " A n d s i n c e 

the i r p r o d u c t s a re f a i r l y s t a n d a r d i z e d , t he i r m a r k e t s d i s 

p l a y the k i n d o f c o m p e t i t i v e n e s s that c a u g h t the eye o f the 

c l a s s i c a l e c o n o m i s t . H e r e p r i c e s a re a l l - i m p o r t a n t a n d 

beyond c o n t r o l of the i n d i v i d u a l p r o f i t - s e e k i n g firm. T h e 

firm b i n s i npu t s a n d s e l l s ou tpu t s . If in the c o u r s e of 

th is effort it e a r n s an a d e q u a t e r e t u r n , i t r e m a i n s in 

bus iness . If not , it f o l d s u p . It is a l m o s t as s i m p l e as that . 

W e s h a l l n o w s p e c i f i c a l l y c o n s i d e r h o w p r o f i t i s deter

m i n e d in the l o g g i n g a n d s a w m i l l o p e r a t i o n s a n d h o w 

the seve ra l s tages a re re la ted t h r o u g h m a r k e t s . 

2. THE LOGGING STAGE 

Production economics of logging 
T h e l o g g i n g p rocess t r a n s f o r m s the t ree s t a n d i n g i n 

the forest in to l o g s d e l i v e r e d to the m i l l . It e s s e n t i a l l y 

p e r f o r m s the s e r v i c e o f s h a p i n g a n d d e l i v e r i n g the n a t u r a l 

w o o d sou rce . The m e c h a n i c s of the p rocess , f o r those no t 

f a m i l i a r w i th it, a re d e s c r i b e d b r i e f l y i n A p p e n d i x C . 

Inpu ts a re the s t a n d i n g t rees w h i c h the firm p u r c h a s e s , 

p l u s l a b o r , e q u i p m e n t a n d s u p p l i e s . E x p e n s e s a re the 

p a y m e n t s f o r these i n p u t s . R e v e n u e s a re d e r i v e d f r o m the 

sa le o f the l o g s a n d b o l t s p r o d u c e d a n d the o ther ou tpu t s . 

T h e firms i n t h i s bus i ness a re a l l p r i v a t e a n d p ro f i t -

-'"A recent tally for Montana showed 222 logging camps and con
tractors. 233 sawmills and planing mil ls, and 38 primary wood 
processing firms. Some idea of the relative sizes of firms can be 
obtained from lite following breakdown of 247 sawmills in 
Montana and the Black Hi l ls . 

Sawmills and planing mills. 1958 

Size of firm 
(number of employees I 

1-19 
20-49 
50-99 

100-249 
250-499 

500 and over 

Total 

Source 1958 Census of Manufactures 

Number 
of firms 

196 
27 
15 
6 
I 

2 

247 

INPUTS 

stumpage (trees 

labor and 
management 

fuels and energy 

capital equipment 

other inputs 

log 

process 

OUTPUTS 

logs and bolts 

logging residues 

roads and 
forest 
management 
services 

other outputs 

s e e k i n g , h e n c e the sca le o f o p e r a t i o n s d e p e n d s d i r e c t l y 

on p ro f i t a n d the p rospec t o f p ro f i t . 

T h e p r i c e s r e c e i v e d by the l o g g i n g i n d u s t r y p e r t h o u 

s a n d b o a r d feet o f d e l i v e r e d l o g s a r e , o f c o u r s e , the p r i c e s 

p a i d by s a w m i l l s . T h e l o g g e r gets p a i d m o r e f o r p r e m i u m 

spec ies a n d f o r h i g h e r q u a l i t y , l a r g e r l o g s . V e n e e r p l a n t s 

a n d p o l e t r e a t i n g p l a n t s c a n g e n e r a l l y o u t b i d s a w m i l l s i n 

p r i c e f o r the s p e c i a l q u a l i t i e s they mos t w a n t i n a l o g , 

a l t h o u g h s a w m i l l s w o u l d a l s o p r e f e r to get the h i g h e r 

g r a d e l o g s . 

R o t h l o g p r i c e a n d the p r i c e o f s t u m p a g e t end to be 

residual p r i c e s . C o m p e t i t i o n has the effect o f r a i s i n g 

s t u m p a g e p r i c e s on the h i g h e r q u a l i t y a n d p r e m i u m spe

c ies f o r w h i c h the l o g g e r w o u l d o r d i n a r i l y get h i g h e r 

l o g p r i c e s . T h u s , c o m p e t i t i o n a m o n g l o g g e r s tends to 

keep the s p r e a d be tween s t u m p a g e a n d d e l i v e r e d l o g 

p r i c e s p re t ty m u c h d o w n to the l eve l o f l o g g i n g a n d 

t r a n s p o r t a t i o n cos ts , p l u s a c o m p e t i t i v e r e t u r n o n the 

e n t e r p r i s e . 

B e f o r e we l o o k i n to s t u m p a g e cos t s , we s h o u l d b r i e f l y 

s p e l l out s o m e o f the f a c t o r s a f f e c t i n g the b a s i c p r o c e s s 

cos ts o f the l o g g i n g o p e r a t i o n . T h e s e cos ts w i l l v a r y i n 

p r o p o r t i o n to (1 1 the r o u g h n e s s a n d d i f f i cu l t y o f access 

of the t e r r a i n , ( 2 ) the s ize o f t rees i n v o l v e d ( m o r e 

h a n d l i n g per t h o u s a n d b o a r d feet b e i n g r e q u i r e d f o r s m a l l 

e r t r e e s ) . 13) the dens i t y o f t rees (net v o l u m e p e r a c r e ) , 

( 4 ) s p e c i a l c o n t r a c t u a l r e q u i r e m e n t s i n l o g g i n g a n d 

h a u l i n g . (5 ) the l e n g t h o f t r a n s p o r t a t i o n to the m i l l a n d 

c h a r a c t e r of the r o a d n e t w o r k , a n d . of c o u r s e . ( 6 ) a n y 

u n e x p e c t e d d e l a y s o r b r e a k d o w n s d u e to wea the r , fires, 

a c c i d e n t s , a n d f a i l u r e o f e q u i p m e n t . 

S o m e a v e r a g e l o g g i n g cos ts by phase o f o p e r a t i o n a re 

s h o w n in T a b l e 10 . D e v e l o p m e n t cos ts ( r o a d b u i l d i n g , 

etc. ) a n d t r a n s p o r t a t i o n cos ts a re e s p e c i a l l y v a r i a b l e . A s 

r o a d n e t w o r k s i n a n a r e a b e c o m e m o r e t h o r o u g h l y de

v e l o p e d the g e n e r a l l e v e l o f these cos ts w o u l d d e c l i n e . 

T h e costs s h o w n he re b y a r e a a re b a s e d o n t i m b e r a c 

t u a l l y t a k e n i n recen t y e a r s a n d , t h e r e f o r e , d o no t nec

e s s a r i l y rep resen t the cos t l e v e l s a s s o c i a t e d w i t h the 

p o t e n t i a l l y a v a i l a b l e t i m b e r not n o w t a k e n i n e a c h r e g i o n . 
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T A B L E 10 — A V E R A G E E S T I M A T E D L U M B E R L O G G I N G 
C O S T S , 1 9 6 0 - 1 9 6 2 , B Y A R E A , D O L L A R S 
PER T H O U S A N D B O A R D FEET ( L O G S C A L E ) 

WESTERN EASTERN BLACK 
ACTIVITY M O N T A N A M O N T A N A HILLS 
Development $ 602 $ 2.87 $ 4.00 
Felling, bucking, 

skidding and loading 10.74 13.24 12.74 
Transportation 9.93 9.54 12.04 
Slash disposal 1.50 1 89 1.50 
Administration 401 4.00 2.10 

Total $32.20 $31.54 $32.38 
Average Log Haul Mileage 31.7 33.7 35.0 

Source C & N W Railway [15] , Forest Service correspondence 

In g e n e r a l , u n i t l o g g i n g cos ts east o f the c o n t i n e n t a l d i 

v i d e c a n be e x p e c t e d to be h i g h e r , s i n c e the s m a l l e r 

a v e r a g e t ree s i ze r esu l t s i n g r e a t e r we igh t per t h o u s a n d 

b o a r d feet of l u m b e r r e c o v e r e d . 

The stumpage market and 
determination of stumpage prices 

T h e d e m a n d f o r s t u m p a g e is d e r i v e d u l t i m a t e l y f r o m 

use rs o f w o o d a n d w o o d p r o d u c t s t h r o u g h the c h a i n o f 

s e v e r a l p r o c e s s i n g s tages. H e n c e , w h e n use r d e m a n d is 

h i g h a n d p r o d u c t p r i c e s h i g h , s t u m p a g e p r i c e s t end a l s o 

to be h i g h . 

T h e F o r e s t S e r v i c e a r r a n g e s m a n y s a l e s i n each na

t i o n a l fo res t a n n u a l l y , i n q u a n t i t i e s r a n g i n g f r o m a f ew 

m i l l i o n to seventy o r e i g h t y m i l l i o n b o a r d feet, d e s i g n e d 

to c o n f o r m to the F o r e s t S e r v i c e ' s g e n e r a l m a n a g e m e n t 

p r o g r a m . In the t h ree -yea r p e r i o d e n d e d J u l y 1, 1 9 6 2 , 

some 1.7 billion board feet of timber was sold from 

M o n t a n a n a t i o n a l fo res t l a n d i n 2 7 8 sa les , e a c h m o r e t h a n 

2 m i l l i o n b o a r d feet. 

T h e p r o c e d u r e i s as f o l l o w s : T h e F o r e s t S e r v i c e w i l l 

s u r v e y the t i m b e r to be o f fe red f o r s a l e a n d set a n ap

praised price. T h e a p p r a i s e d p r i c e i s the r e s i d u a l a r r i v e d 

at b y s t a r t i n g w i t h s o m e g o i n g o r a n t i c i p a t e d m a r k e t p r i c e 

f o r the l u m b e r , a n d d e d u c t i n g a v e r a g e cos ts o f p r o d u c 

t i on a n d a l l o w a n c e f o r p ro f i t a n d r i s k . W e c a n i l l u s t r a t e 

th i s w i t h s o m e r e p r e s e n t a t i v e figures. S t a r t i n g w i t h a n 

a s s u m e d a v e r a g e s e l l i n g p r i c e o f m i l l p r o d u c t s p e r 

t h o u s a n d b o a r d feet I l o g s c a l e ) : 

s e l l i n g p r i c e 8 8 1 . 0 0 

d e d u c t 

es t ima ted p r o d u c t i o n cos ts 6 5 . 2 5 

m a r g i n f o r p r o f i t a n d r i s k 9 . 7 2 

( m i l l cos t p l u s 

l o g g i n g c o s t ) 

( d i v i d e d be tween 

l o g g e r a n d m i l l ) 

cos ts p l u s m a r g i n $ 7 4 . 9 7 

T h e net s t u m p a g e p r i c e i s set at 8 8 1 . 0 0 - $ 7 4 . 9 7 , o r : 

s t u m p a g e p e r M B F $ 6 . 0 3 

w h i c h i s the o f f i c i a l l y a p p r a i s e d p r i c e f o r the t i m b e r . 

T h e t i m b e r is then a d v e r t i s e d f o r s a l e , w i t h the a p 

p r a i s e d p r i c e b e i n g a m i n i m u m b e l o w w h i c h no b i d w i l l 

be a c c e p t e d . T h e sa le n o r m a l l y i s m a d e to the h ighes t 

b i d d e r a n d the a m o u n t b i d m a y be the s a m e as o r g rea te r 

t han the a p p r a i s e d p r i c e . V a r i o u s c o n t r a c t u a l r e q u i r e 

men ts i n c l u d e d i n the sa les c o n t r a c t e f fec t i ve ly r e q u i r e 

the l o g g e r to p r o d u c e o the r o u t p u t s f o r w h i c h he i s p a i d 

a n d c h a r g e h i m f o r s o m e of h i s o u t p u t s that mus t be 

d i s p o s e d of . 

O n e s u c h i t em is the s o - c a l l e d K - V depos i t . T h i s i s a 

c h a r g e m a d e to the b u y e r , a u t h o r i z e d u n d e r the K n u d s o n -

V a n d e n b e r g A c t . to be used f o r r e fo res ta t i on a n d s tand -

i m p r o v e m e n t w o r k i n the sa le a r e a . T h e K - V d e p o s i t 

v a r i e s , but 8 2 . 0 0 m i g h t be a rep resen ta t i ve figure. In 

that case the a p p r a i s e d v a l u e of the t i m b e r in the s a l e 

w o u l d a c t u a l l y r u n $ 4 . 0 3 per t h o u s a n d b o a r d feet ( l o g 

s c a l e ) . 2 1 

E s t i m a t e d p r o d u c t i o n costs i n c l u d e a n i t e m c a l l e d " d e 

v e l o p m e n t " — a n a m o u n t f o r c o n s t r u c t i o n of r o a d s a n d 

o the r c a p i t a l i m p r o v e m e n t s on the fo res t l a n d . T h e s e i m 

p r o v e m e n t s a re m a d e to meet the s p e c i f i c a t i o n s o f the 

F o r e s t S e r v i c e i n k e e p i n g w i t h i ts " p r u d e n t o p e r a t o r " 

c o n c e p t , bu t a re o f ten m o r e c o s t l y a n d ex tens i ve t han 

those the a v e r a g e p r i v a t e l o g g i n g firm w o u l d have u n d e r 

t a k e n f o r t i m b e r ha rves t p u r p o s e s in the absence o f spe 

c i a l r e q u i r e m e n t s . A f t e r a n a r e a a c q u i r e s a w e l l -

d e v e l o p e d n e t w o r k of r o a d s , the d e v e l o p m e n t cost p e r 

t h o u s a n d b o a r d feet of t i m b e r cu t i s r e d u c e d . 

T h u s , one resu l t o f b u y i n g s t u m p a g e f r o m the federa l -

g o v e r n m e n t i s tha t the b u y e r i s r e q u i r e d to unde r take a 

series of special conservation measures I really a part of 

h i s o u t p u t s ) , f o r w h i c h he is in effect g ran ted a n a l l o w 

ance c o v e r i n g the es t ima ted a v e r a g e cos t of the measu res . 

T h e l o g g e r b u y i n g s t u m p a g e f r o m p r i va te o w n e r s 

m i g h t be c o n f r o n t e d by f ewe r s p e c i a l r e q u i r e m e n t s , b u t 

the g e n e r a l e c o n o m i c s o f the p rocess is s i m i l a r . P r i c e 

of s t u m p a g e s t i l l t ends to be a r e s i d u a l re f lec t ing m a r k e t 

p r i c e o f the l ogs ( a n d l u m b e r ) a n d the a c c e s s i b i l i t y , 

q u a l i t y , a n d o the r p r o d u c t i o n cost f ac to rs i n c o m p e t i t i o n 

w i t h p u b l i c t i m b e r . T h e b a s i c o p e r a t i n g m o t i v e r e m a i n s 

the s a m e — t o b u y s t u m p a g e a n d o ther i n p u t s , to s e l l 

l o g s a n d p o s s i b l y o ther ou tpu t s , a n d to m a k e a p r o f i t 

in the p r o c e s s . 

S o m e l o g g i n g m a y be p e r f o r m e d by i n teg ra ted firms 

f r o m t h e i r o w n t i m b e r l a n d s . In th i s case the p r i c e o f 

s t u m p a g e is n o l o n g e r a r e a d i l y d e t e r m i n e d v a l u e as 

set by c o n t r a c t w i t h the F o r e s t S e r v i c e o r w i t h a p r i v a t e 

s e l l e r , bu t rep resen ts a p r o b l e m in i n t e r n a l a c c o u n t i n g . 

-'It is also valid to view $6.03 as appraised value. The $2.00 K-V 
is simply a government financed improvement measure that is 
dependent on sales. For a popular treatment of Forest Service 
timber appraisal and sales procedures, see Timber, Story of a 
Timber Sate on a National Forest, U S D A Forest Service PA-545, 
A p r i l , 1963. 
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Timber resources: economic availability 

T h e d e c i s i o n a b o u t p r o f i t a b i l i t y then mus t take i n to ac

coun t the p r o f i t a b i l i t y o f the t r e e - g r o w i n g b u s i n e s s as 

one par t o f an i n teg ra ted o p e r a t i o n . 

F i n a l l y , we m igh t p o i n t out that the s t u m p a g e m a r k e t 

is i nhe ren t l y less pe r fec t t han the p r o d u c t m a r k e t s , be 

cause it is b r o k e n in to a n u m b e r o f s m a l l e r , s e m i - i s o l a t e d 

g e o g r a p h i c a reas each c o n t a i n i n g a g r e a t l y r e d u c e d n u m 

ber o f firms. T h i s g e o g r a p h i c i s o l a t i o n i s d u e to the b u l k i -

ness a n d l o w v a l u e o f l o g s w h i c h m a k e t r a n s p o r t a t i o n o f 

t hem f o r s a w m i l l p u r p o s e s u n e c o n o m i c at d i s t a n c e s o f 

m o r e t han 5 0 to 100 m i l e s . T h e c h a r a c t e r o f the v a r i o u s 

s u b m a r k e t s v a r i e s s u b s t a n t i a l l y , w h i l e the m a r k e t p o s i 

t ions of firms w i t h i n any one m a r k e t a re a l s o h i g h l y v a r i 

a b l e . In g e n e r a l , t h o u g h , b u y e r s a re r e l a t i v e l y f ew at 

the l o c a l l e v e l ; s o m e i n d i v i d u a l l o g g i n g firms, qu i t e l a r g e 

in r e l a t i o n to the ma rke t , c a n t he re fo re i n f l uence the m a r 

ket p r i c e d i r e c t l y a n d p e r c e p t i b l y w h e n they m a k e b i d s to 

pu r chase . T h e y mus t take th is i n f l uence i n to a c c o u n t w h e n 

m a k i n g the i r d e c i s i o n s . I n s o m e a reas b i d s m a d e c o n 

s is ten t ly at m i n i m u m a p p r a i s e d p r i c e s s t r o n g l y sugges t 

gen t l emen ' s ag reemen ts on the par t of b i d d i n g firms. 

T h e s u p p l i e r s ' s ide of the marke t i s even m o r e i m p e r 

fec t ly c o m p e t i t i v e I o l i g o p o l i s t i c , as the e c o n o m i s t w o u l d 

say ) because o f the g rea te r c o n c e n t r a t i o n of m e r c h a n t a 

b l e t i m b e r i n the h a n d s o f a f ew s e l l e r s . O v e r s h a d o w i n g 

a l l s e l l e r s , the F o r e s t S e r v i c e by i ts t i m b e r s a l e s p o l i c i e s 

canno t h e l p s t r o n g l y i n f l u e n c i n g the l e v e l o f s t u m p a g e -

p r i ces a n d , t h r o u g h m a r k e t c h a n n e l s , the l e v e l of t i m b e r 

p roduc t p r i c e s . 

3. PRIMARY PROCESSING STAGE 

Sawmill production economics 
L e t us n o w c o n s i d e r the i n p u t s a n d o u t p u t s of the 

s a w m i l l p rocess . F o r r e a d e r s not a l r e a d y su f f i c ien t l y f a 

m i l i a r w i th the m e c h a n i c a l aspec t s o f s a w m i l l o p e r a 

t i ons , a b r i e f d e s c r i p t i o n a p p e a r s i n A p p e n d i x D . 

INPUTS 

logs and bol ls-

other materials-

labor services-

sawmill 
production 

process 

capital equi 

other inputs 

F r o m an abs t rac t s t a n d p o i n t , the s a w m i l l ' s e c o n o m i c s 

are s i m p l e e n o u g h . It b u y s v a r i o u s q u a n t i t i e s o f e a c h of 

the input i t ems , f o r w h i c h it p a y s s o m e p r e v a i l i n g p r i c e 

in m o n e y te rms e i the r e x p l i c i t l y o r i m p l i c i t l y . T h e i n p u t s 

are c o m b i n e d a c c o r d i n g to the m a n a g e m e n t ' s r e c i p e , a n d 

the s e v e r a l o u t p u t s resu l t . T h e v a r i o u s o u t p u t s — p r o d u c t s , 

b y p r o d u c t s , a n d w a s t e — a r e s o l d o r d i s p o s e d of . T h e 

m a j o r c lasses o f o u t p u t s a r e i n d i c a t e d i n F i g u r e 4 . 

F i g u r e 4 — P r o d u c t y i e l d f r o m a r e p r e s e n t a t i v e 

d i s t r i c t s a w m i l l 

SIABS. 
EDGINGS & 
TRIMMINGS 
22 * LOG 

DELIVERED 
TO MILL, 
too* r \ SHAVINGS, 

SAWDUST 
2 8 * 

In t h e o r y a p r i c e is a s s o c i a t e d w i t h e a c h of the ou tpu t s . 

F o r the p r i n c i p a l p r o d u c t t h i s t h e o r e t i c a l p r i c e i s not 

d i f f i cu l t to v i s u a l i z e : the sa le of l u m b e r at i ts m a r k e t p r i c e 

i s the ch i e f s o u r c e o f o p e r a t i n g r e v e n u e . F o r o ther p r o d 

uc ts , s u c h as b a r k a n d u n u s a b l e r es i dues , the p r i c e m a y 

be ze ro o r even n e g a t i v e ; a n e g a t i v e p r i c e m e a n s that the 

s a w m i l l h a s to p a y s o m e t h i n g f o r the d i s p o s a l o f th i s 

o u t p u t — t h e cost p e r u n i t o f r e s i d u e o f o p e r a t i n g the 

b u r n e r , f o r e x a m p l e . F o r r e s i d u e s u s e d , say to gene ra te 

p o w e r , the s a w m i l l p a y s i tse l f f o r s o m e of its r e s i d u e s 

w h i c h a l s o cons t i t u te a n i n p u t a c t u a l l y r e c y c l e d in the 

p r o c e s s . T h e a p p r o p r i a t e p r i c e i n s u c h a case w o u l d be 

the e q u i v a l e n t p r i c e o f p o w e r it m i g h t o t h e r w i s e have to 

b u y f r o m the cheapes t a l t e r n a t i v e s o u r c e . 

O n the i n p u t s i d e , p r i c e - t i m e s - q u a n t i t y r e l a t i o n s h i p s 

a re d i r e c t in the cases o f s a w l o g s p u r c h a s e d , m a n - h o u r s 

h i r e d , a n d m a n y i n p u t s . F o r c a p i t a l e q u i p m e n t , h o w e v e r , 

the q u a n t i t i e s c o n s u m e d a re p r o r a t e d o v e r the l i f e o f the 

e q u i p m e n t , a n d the a p p r o p r i a t e p r i c e i s that i m p u t e d on 

the b a s i s o f the o r i g i n a l cos t of the e q u i p m e n t . 

S o m e i n p u t s a re no t v o l u n t a r i l y p u r c h a s e d , f o r i n 

s tance , those g e n e r a l g o v e r n m e n t se r v i ces that a re i n a 

sense p u r c h a s e d by the p a y m e n t of taxes . S o m e of these 

se rv i ces s e e m to h a v e o n l y the remotes t c o n n e c t i o n w i t h 

p r o d u c t i o n o f l u m b e r . Y e t i n s o f a r as these i n p u t s h e l p 

p r o m o t e a s tab le soc i e t y a n d a n e n d u r i n g l e g a l a n d 

p o l i t i c a l f r a m e w o r k f o r the b u s i n e s s t r a n s a c t i o n s , they 

a re u l t i m a t e l y as m u c h a pa r t o f the cost o f p r o d u c i n g 

l u m b e r as i s the a d v e r t i s i n g e x p e n s e to p r o m o t e a p r o d 

uc t s a l e o r the l e g a l e x p e n s e to f o r m u l a t e a c o n t r a c t . 

S e r v i c e s m o r e d i r e c t a n d e a s i l y a s s o c i a t e d w i t h cos ts 

o f p r o d u c t i o n i n c l u d e p o l i c e a n d fire p r o t e c t i o n i n l i e u 

of m o r e c o s t l y i n s u r a n c e ra tes. 

T h e fac ts that l u m b e r m a y be p r o d u c e d bu t not s o l d 

a n d l o g s p u r c h a s e d bu t no t p r o c e s s e d i n a n y o n e p e r i o d 

— t h e s e m u s t be a c c o u n t e d f o r by c h a n g e s i n s tocks o r i n -
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ven to r i es , a n d r e v e n u e s a n d e x p e n s e s mus t be a d j u s t e d 

a c c o r d i n g l y . 
a n u m b e r of f ac to r s . O n e is spec ies d i f fe rences , as s h o w n 

i n the f o l l o w i n g b r e a k d o w n : 

Expense factors in lumber manufacture 
T h e s a w m i l l p u r c h a s e s l o g s a n d c o m b i n e s these w i t h 

i ts o t he r i n p u t s — l a b o r , p o w e r , s u p p l i e s , a n d c a p i t a l 

e q u i p m e n t . T h e s e f o r m the e x p e n s e s ; each expense i t em 

is t h e o r e t i c a l l y the p r o d u c t o f s o m e p h y s i c a l q u a n t i t y o f 

i n p u t t imes the p r i c e at w h i c h it is p u r c h a s e d l o r a p r i c e 

i m p u t e d to it I. A n i l l u s t r a t i v e r a n g e o f e x p e n s e s f o r 

s a w m i l l s in o u r r e g i o n is as f o l l o w s : 

Cost per thousand board 
feet of lumber produced 

Log costs (delivered) 
Manufacturing costs 

Total cost of production 

Average 

$40 
33 

$73 

Range 

$20 - $80 
$20 - $40 

W e w a n t to l o o k b r ie f l y at each o f these t w o g r o u p s of 

cos ts . 

a. Log costs 

T h e i l l u s t r a t i v e l o g cost of 8 1 0 per t h o u s a n d b o a r d feet 

d e l i v e r e d at the m i l l is a r o u g h ave rage . T h e r a n g e of 

l o g cos ts f o r p a r t i c u l a r sa les is g rea t , d e p e n d i n g o n the 

s p e c i e s i n v o l v e d , s ize a n d q u a l i t y of l o g s , a n d the c o n 

d i t i o n s p r e v a i l i n g at the t ime the p u r c h a s e o r c o n t r a c t 

to p u r c h a s e is m a d e . S p e c i e s a n d g r a d e s o f l o g s w h o s e 

cu t p r o d u c t s b r i n g the h ighes t r e v e n u e per b o a r d foot 

tend to h a v e h i g h l o g cos ts p e r b o a r d foot . F o r those 

f i r m s w i t h i n teg ra ted l o g g i n g a n d s a w i n g o p e r a t i o n s , the 

l o g costs b e c o m e a mat te r o f i n t e r n a l a c c o u n t i n g , bu t i n 

p r i n c i p l e they a re the s a m e as f o r f i r m s b u y i n g t h e i r l ogs 

f r o m i n d e p e n d e n t l o g g e r s on the bas i s o f s o m e d e l i v e r e d 

c o n t r a c t p r i c e . 

If l ogs a re p u r c h a s e d at a p r i c e o f , s a y , 8 5 0 p e r 

t h o u s a n d b o a r d feet, w h e r e the w o o d v o l u m e c o n t a i n e d 

i n the l o g is es t ima ted on the b a s i s of a l o g s c a l e , the 

l o g cost p e r t h o u s a n d b o a r d feet o f l u m b e r p r o d u c e d i s 

t y p i c a l l y a l o w e r f i gu re . I f overrun i s 10 p e r c e n t , " then 

l o g s cos ts p e r t h o u s a n d b o a r d feet o f l u m b e r o u t p u t 

w o u l d be o n l y 8 4 5 . 4 5 ( o r 5 0 -h- 1 1 0 0 ) . T h i s is m e r e l y a n 

a c c o u n t i n g p e c u l i a r i t y , not a b o n u s to the m i l l , b e c a u s e 

the m a r k e t f o r l o g s a n d s t u m p a g e takes o v e r r u n i n to 

a c c o u n t w h e n l o g a n d s t u m p a g e p r i c e s a r e e s t a b l i s h e d . 

T h e ve ry g rea t r a n g e of d e l i v e r e d p r i c e s is c a u s e d by 

-"-'Overrun is the proportion by which actual lumber tally of the 
output lumber exceeds the log scale measurement of the input 
log. It may result f rom: ( I ) normal bias of the log scale proce
dures used and (2) efficiency of the manufacturing process. 
Overrun tends to average 8-15 percent in our region. 

Species 
Ponderosa pine 
Lodgepole pine 
Larch—Douglas-fir 
Spruce 

Average delivered price 
per thousand board feet 

log scale 
$65 
40 
45 
45 

A c t u a l l o g cos t f o r any one m i l l c o u l d v a r y seve ra l 

pe rcen tage p o i n t s f r o m these f i gu res ( in s o m e i so la ted 

cases as m u c h as 5 0 percen t I. d e p e n d i n g on the q u a l i t y 

of the l o g s , c o m p e t i t i v e c o n d i t i o n s at the t ime of pur 

c h a s e , a n d d i s t a n c e a n d d i f f i cu l t y o f t r a n s p o r t a t i o n f r o m 

l o g g i n g s i tes to the m i l l . 

b. Manufacturing costs 

M a n u f a c t u r i n g a n d s e l l i n g costs c a n v a r y c o n s i d e r a b l y 

f r o m one m i l l to a n o t h e r , a n d e x p e r i e n c e o v e r one recent 

y e a r i n o u r r e g i o n s h o w s that th i s m i g h t v a r y over the 

r a n g e of twenty to fo r t ) d o l l a r s p e r t h o u s a n d b o a r d feet 

o r m o r e . A n a p p r o x i m a t e b r e a k d o w n f o r b a n d s a w m i l l s 

in W e s t e r n M o n t a n a i n 1952 is g i v e n in T a b l e 1 1 . 

T A B L E 11 - A V E R A G E M A N U F A C T U R I N G C O S T IN 
B A N D S A W M I L L S IN T H E I N L A N D E M P I R E , 
1 9 5 2 , E X C L U S I V E O F I N C O M E T A X E S 
A N D I N T E R E S T 

ACTIVITY 

PROCESSING 
Sawmill 
Yarding & Handling 
Planer 
Dry kiln 

Total Processing 

SELLINC 
Total Selling 

OVERHEAD 
Ceneral expenses 
Taxes 
Depreciation 

Total Overhead 

TOTAL M A N U F A C T U R I N G 
AND MARKETING COSTS 

COST PER MBF 

$975 
7.31 
442 
1 59 

580 
.49 

1.79 

$23.07 

2.41 

8.08 

$33.56 

F a c t o r s i n f l u e n c i n g m a n u f a c t u r i n g costs i n c l u d e : w a g e 

ra te , degree a n d e f f ic iency o f m e c h a n i z a t i o n , cost of 

e q u i p m e n t , degree of p r o c e s s i n g , a n d a m o u n t of h a n d l i n g 

p e r un i t o f w o o d ou tpu t . 

M a n u f a c t u r i n g cos ts a re h i g h e r p e r b o a r d foo t f o r 

s m a l l e r s i ze l o g s . F i g u r e 5 s h o w s th is r e l a t i o n s h i p f o r 

l o d g e p o l e p i n e , i n d i c a t i n g that costs r ise ve ry s h a r p l y 

as t rees f a l l b e l o w a b o u t 10 i nc hes i n d i a m e t e r . G r a d e of 

l o g ( p e r c e n t a g e of de fec t I a n d spec ies w i l l a l s o have a 

b e a r i n g on cos ts . T h e s e a re the i n p u t fac to rs . Q u a l i t y o f 

c a p i t a l e q u i p m e n t w i l l a l s o be i n f l u e n t i a l . N e w e r , m o r e 
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Timber resources: economic availability 

F i g u r e 5 — I n d e x o f l u m b e r s a w i n g t i m e p e r 

t h o u s a n d b o a r d f e e t 

index of sawing lime - 11" log • 100 

3001 

T h e l u m b e r y i e l d in t u rn d e p e n d s o n the s i ze a n d q u a l i t y 

o f the l o g s pu t i n to the m i l l , a s w e l l as the i n h e r e n t 

e f f i c iency o f the s a w i n g p r o c e s s . 

C o n s i d e r the effect of s p e c i e s a n d p r o d u c t on a v e r a g e 

r e v e n u e . In the case o f d i m e n s i o n l u m b e r c u t f r o m D o u g 

las - f i r ( o r l a r c h ) , the l u m b e r g r a d e r e c o v e r y a n d a v e r a g e 

r e a l i z e d p r i c e m i g h t w o r k out r o u g h l y as f o l l o w s : 

Grade 

Standard and better 

Utility 

Economy 

Al l Cradcs 

Percent of recovery Average selling price 
by grade per thousand board feet 

75% 

20 

5 

100% 

$6500 

42 00 

15.00 

$57.90 average realization 
per thousand board 
feet 

A h i g h e r average realization r esu l t s f r o m p o n d e r o s a p i n e , 

a s s u m i n g a r e p r e s e n t a t i v e g r a d e r e c o v e r y a n d recent m i l l 

s e l l i n g p r i c e s : 

13 15 17 19 
tree diameter - inches 

Source: Forest Service [22], 

eff icient e q u i p m e n t c o u l d i m p r o v e o n the costs s h o w n in 

T a b l e 1 1 . 

Degree of p r o c e s s i n g o b v i o u s l y h a s a n i n f l u e n c e on 

to ta l m a n u f a c t u r i n g cos ts , bu t it a l s o h a s a n effect o n 

revenue . F o r e x a m p l e , the m i l l i n g o p e r a t i o n i n T a b l e 11 

i n c l u d e s a cos t i t em f o r a p l a n e r . W i t h o u t t h i s , the m i l l ' s 

to ta l cos ts m i g h t be less b y $ 4 . 4 2 p e r t h o u s a n d b o a r d 

feet. B u t r o u g h l u m b e r b r i n g s a l o w e r p r i c e t h a n p l a n e d 

l u m b e r . E l i m i n a t i o n of the d r y k i l n , t oo , w o u l d r e d u c e 

the to ta l cos t o f p r o d u c i n g a t h o u s a n d b o a r d feet o f 

l u m b e r , bu t g r e e n l u m b e r w o u l d , o f c o u r s e , b r i n g a l o w e r 

p r i c e t han k i l n - d r i e d l u m b e r . 

The revenue picture: lumber 

I n p r a c t i c e two ca tego r i es o f o u t p u t s a r e d i r e c t l y 

s i gn i f i can t to r e v e n u e c a l c u l a t i o n s : lumber a n d residues 

(see F i g u r e 4 ) . L e t ' s star t w i t h o u t p u t l a b e l e d l u m b e r . 

In p h y s i c a l v o l u m e t e r m s l u m b e r a v e r a g e s a b o u t 5 0 

percen t o r m o r e o f the w h o l e w o o d con ten t o f the i n p u t 

l o g , bu t it c o n s i s t s o f a m o r e o r less g rea t v a r i e t y of 

g r a d e s , s i zes , a n d spec ies o f l u m b e r p r o d u c t , d e p e n d i n g 

on the l o g i npu t a n d the e x e c u t i o n o f the s a w i n g p r o c e s s . 

W h i l e a l l these p r o d u c t s a re m e a s u r e d i n c o m m o n un i t s 

— b o a r d feet o r t h o u s a n d b o a r d f e e t — t h e r e e x i s t s a 

h i e r a r c h y o f p r i c e s d e p e n d i n g o n g r a d e s , s i zes , a n d 

spec ies . 

S o the a v e r a g e r e v e n u e p e r b o a r d foo t tha t a m i l l mav 

o b t a i n by s e l l i n g i ts p r o d u c t d e p e n d s on h o w that p r o d u c t 

b r e a k s in to g r a d e s , s p e c i e s , a n d s i zes . T h e m o r e of the 

better g r a d e s , the h i g h e r w i l l be the a v e r a g e s e l l i n g p r i c e . 

Crade 

Select 

Shop 

Common 

Al l Crades 

Percent of recovery Average selling price 
by grade per thousand board feet 

10% 

15 

75 

100% 

$200 

90 

70 

$ 86 average realization 
per thousand board 
feet 

T h u s s p e c i e s a n d the c o n s e q u e n t p r o d u c t y i e l d h a v e a d i s 

t inc t i m p a c t on m i l l u n i t r e v e n u e . 

L o g s i ze a n d q u a l i t y a l s o i n f l uence r e c o v e r y b y g r a d e , 

a n d hence the a v e r a g e r e a l i z a t i o n p e r u n i t of o u t p u t . H e r e 

a re t w o i l l u s t r a t i v e e x a m p l e s of g r a d e r e c o v e r y f r o m p o n 

d e r o s a p i n e : O n e set o f g r a d e r e c o v e r y figures c o m e s 

f r o m a m i l l i n wes te rn M o n t a n a s a w i n g o l d g r o w t h p i n e , 

the o the r c o m e s f r o m a m i l l i n the B l a c k H i l l s s a w i n g 

s e c o n d g r o w t h p i n e . 

Percent of lumber recovery by grade 

Western Montana Black Hills 
Lumber grade" old growth second growth 

D and better select 16 4 
Moulding 6 3 
# 1 shop, # 3 clear 14 3 
1 and 2 common 21 21 
3 common 24 35 
4 common 17 29 
5 common 2 5 

100 100 

"For an illustration of these grades, see Appendix D 

T h e wes te rn M o n t a n a m i l l o b v i o u s l y p r o d u c e s a m u c h 

l a r g e r p r o p o r t i o n o f the h i g h e r - p r i c e d se lec t g r a d e s a n d 

so e a r n s a h i g h e r r e v e n u e p e r b o a r d foo t o f l o g r u n 

t h r o u g h the m i l l t han d o e s the B l a c k H i l l s s a w m i l l ti 

25 



v e r s u s $ 7 6 . as is d i a g r a m m e d in F i g u r e 6 ) . B o t h s i ze a n d 

qua l i t y d i f f e rences a r c a l w o r k here . 

P a r t of the h i g h e r u n i t r evenue f r o m l a r g e r l o g s re

su l t s f r o m the fac t that w i d e r b o a r d s c a n be s a w e d , a n d 

p r e m i u m s a re u s u a l l y a s s o c i a t e d w i t h w i d e r b o a r d s . 

Figure 6 — Lumber g r a d e recovery , m i l l pr ices, 
a n d a v e r a g e rea l i za t i on price for p o n d e r o s a 
p ine l umbe r , hypo the t i ca l Black Hi l ls a n d west 
ern M o n t a n a s a w m i l l s , 1962 

price 
S/MBF 

—_r and bailor ..• 
—moulding 

shop and cl 

• c l 
B l o c k H i l l s 

and bailor ..• 
—moulding 

shop and cl ear averc ige pri :e realization 
$75.70 1 

ige pri :e realization 
$75.70 

1 & 2 common 

3 comr Don 

5 common 

4 common -̂ -j 

20 40 60 80 100 
percent 

price 
S/MBF 

150 

100 

50 

W e s t e r n M o n t a n a 
150 

100 

50 

« mOu Id 
-•—shop a nd clea 

avera 

' I 
ge prk e realization 

$99.00 

150 

100 

50 
5 common 

150 

100 

50 1 & 2 common 
3 common 4 common T 

20 40 60 80 100 
percent 

T h e effect o f l o g q u a l i t y by i t se l f s h o w s u p i n the f o l 

l o w i n g d a t a f o r B l a c k H i l l s p o n d e r o s a p i n e l o g s . G r a d e 

d i f f e r e n c e s ( b a s e d o n the a m o u n t o f s u r f a c e k n o t s , 

b l e m i s h a n d d e f e c t ) c a n m a k e d i f f e r e n c e s o f u p to t h i r t y 

d o l l a r s p e r t h o u s a n d b o a r d feet i n v a l u e o f o u t p u t : 

Average realization 
Log grade per thousand board feet 

#1 $97 
#2 $77 
#3 $75 
#4-6 $68-70 

T h e q u a l i t y a n d s i ze of l o g a re c r i t i c a l i n d e t e r m i n i n g 

the a s s o r t m e n t of l u m b e r that c a n c o m e out o f a m i l l . 

T h u s , f r o m the s t a n d p o i n t o f r e v e n u e s g e n e r a t e d p e r u n i t 

o f w o o d o u t p u t , a m i l l finds it a d v a n t a g e o u s to p r o c e s s 

the l a r g e r l o g s , the h i g h e r g r a d e l o g s , a n d the h i g h e r 

r a n k e d s p e c i e s . T h e effect o f d i f f e r e n t i a l p r e f e r e n c e f o r 

l o g s i s re f l ec ted , o f c o u r s e , in the p r i c e s p a i d f o r l o g s ; 

h e n c e , to a g r e a t e r o r lesser ex ten t the p e r - u n i t r evenue 

a d v a n t a g e s o f h i g h e r g r a d e l o g s a re offset in s a w m i l l 

p ro f i t figures by h i g h e r un i t l o g cos ts . 

It is i m p o r t a n t to r e c o g n i z e that each m i l l mus t d e p e n d 

u p o n a n a v e r a g e r e a l i z a t i o n f r o m a l l spec ies cut . Fo res t 

p r o d u c t s a r e a j o i n t - p r o d u c t i n d u s t r y a n d a v e r a g e r e a l i 

z a t i o n s to be m e a n i n g f u l m u s t c o v e r a l l l o g s , a l l spec ies , 

a l l finished p r o d u c t s . T h e s e v a r i a b l e s o f ten a re not u n d e r 

d i r ec t c o n t r o l o f the s a w m i l l , s ince s t u m p a g e is u s u a l l y 

s o l d in ' p a c k a g e s ' i n c l u d i n g a m i x t u r e o f spec ies , s izes , 

a n d g r a d e s o f l o g s . 

N o r m a l a c c o u n t i n g p r a c t i c e s d o not a l l o w f o r accu ra te 

b r e a k d o w n s o f cost of p r o d u c t i o n f o r i n d i v i d u a l i t ems 

o r even i n d i v i d u a l s p e c i e s i n the m a n n e r i n w h i c h we 

have a n a l y z e d t h e m a b o v e . B u t the p r i n c i p l e s h o l d , 

neve r the less . 

Utilization of residues 
Residues I i l l u s t r a t e d i n F i g u r e 4 ) cons i s t o f s l a b s , 

t r i m m i n g s , e d g i n g s , a n d sawdus t . I f n o f u r t h e r u t i l i z a 

t i o n i s m a d e o f t h i s m a t e r i a l , d i s p o s a l o f it represen ts a n 

a d d i t i o n a l cos t to the o p e r a t i o n t h r o u g h bo th c a p i t a l a n d 

o p e r a t i n g cos ts on the b e e h i v e b u r n e r ( a c h a r a c t e r i s t i c 

l a n d m a r k o f the s a w m i l l c o m m u n i t y ) . If r es i due mate

r i a l s a r e u t i l i z e d , h o w e v e r , s o m e offset to cos ts o r even 

a net a d d i t i o n to p r o f i t s m a y be a c h i e v e d . 

U n d e r a v e r a g e m i l l c o n d i t i o n s i n o u r r e g i o n , any 

w h e r e f r o m o n e - f o u r t h to as m u c h as o n e - h a l f of a l o g ' s 

s o l i d w o o d con ten t gets s l i c e d o r c h e w e d a w a y by the 

m a c h i n e r y that c o n v e r t s the l o g i n to l u m b e r . R e s i d u e c a n 

be d i v i d e d i n to t w o c l a s s e s : coarse r es idues ( s l a b s , e d g 

i n g s , a n d t r i m m i n g s cu t f r o m the l o g , o f ten c a r r y i n g 

b a r k ) , a n d fine r e s i d u e s ( c o n s i s t i n g m o s t l y o f s a w d u s t ) . 

R e s i d u e s a r e u t i l i z e d to s o m e ex tent at a l m o s t a l l saw

m i l l s . T h e y m a y be b u r n e d as f ue l to gene ra te s team 

a n d p o w e r ; they m a y be c o m p r e s s e d to p r e s s e d - w o o d 

p r o d u c t s ; a n d the l a r g e r w h o l e w o o d p ieces may be s a l 

v a g e d as s tock f o r b o x - m a k i n g a n d f o r o t he r s m a l l w o o d 

p r o d u c t s . Y e t g rea t v o l u m e s — p e r h a p s o n e - t h i r d o f a l l 

r e s i d u e s — a r e b u r n e d s i m p l y to d i s p o s e o f t h e m , a n d it 

cos ts the m i l l s o m e t h i n g to h a n d l e i ts r es idues i n s u c h a 

w a y . H e n c e a m a r k e t f o r r e s i d u e s i s a w e l c o m e d e v e l o p 

ment f o r s a w m i l l o p e r a t o r s . 

T h e m a j o r use f o r c o a r s e r e s i d u e s i s as f u e l , bu t an 

i m p o r t a n t a n d g r o w i n g use i s the p r o d u c t i o n of c h i p s 

f o r p u l p i n g . In m a n y r e g i o n s c h i p m a k i n g o u t w e i g h s 

a l l o t he r r e s i d u e uses. C o a r s e r e s i d u e s f r o m n e a r l y a l l 

o u r r e g i o n ' s s o f t w o o d spec ies m a k e s u i t a b l e p u l p i n g 

s t o c k — p r o v i d e d they c a n be f reed f r o m a t tached b a r k 

w h i c h i s o b j e c t i o n a b l e i n p u l p i n g . F i n e res idues are 

m e c h a n i c a l l y less s u i t a b l e , a l t h o u g h b e g i n n i n g s have n o w 

been m a d e i n s a w d u s t use f o r p u l p i n g . 

C h i p p r o d u c t i o n r e q u i r e s a d d i t i o n a l e q u i p m e n t : a 

debarking m a c h i n e to r e m o v e b a r k f r o m the l o g p r i o r 
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to s a w i n g , a n d a chipping m a c h i n e to c o n v e r t the b a r k -

f ree c o a r s e res idues i n to c h i p s . T h e r e q u i s i t e e q u i p m e n t 

i s e x p e n s i v e — d e b a r k i n g a n d c h i p p i n g m a c h i n e r y r u n s 

p e r h a p s $ 1 2 5 , 0 0 0 to 8 2 5 0 , 0 0 0 . S m a l l e r s a w m i l l s o f t en 

d o not h a v e suf f ic ient v o l u m e o r s t a b i l i t y o f o p e r a t i o n 

to j u s t i f y the i n s t a l l a t i o n . 

T h e use o f d e b a r k i n g m a c h i n e r y m a y have f a v o r a b l e 

effects on o ther o p e r a t i n g revenues a n d expenses . R e 

m o v a l o f b a r k p r i o r to s a w i n g i n c r e a s e s the l i f e of s a w -

b lades s i g n i f i c a n t l y ( because g r i t i m b e d d e d i n the b a r k 

i s r e m o v e d a l o n g w i t h the b a r k ) a n d r e d u c e s ma in te 

nance a n d s h a r p e n i n g cos ts . F u r t h e r , g rea te r e f f ic iency 

i n g u i d i n g the s a w i n g o p e r a t i o n s on the d e b a r k e d l o g 

m a y i nc rease o r i m p r o v e the y i e l d o f l u m b e r f r o m the 

i npu t l ogs a n d hence i m p r o v e d t o ta l r e v e n u e . 

C o n s i d e r i n s u m m a r y a h y p o t h e t i c a l s a w m i l l s a w i n g 

D o u g l a s - f i r d i m e n s i o n l u m b e r a n d p r o d u c i n g c h i p s out 

of i ts w h o l e - w o o d res i dues . T h e r e l a t i v e c o n t r i b u t i o n 

to revenues o f s u c h a b y p r o d u c t o p e r a t i o n is d i a g r a m m e d 

i n F i g u r e 7. R e v e n u e r e c e i v e d w i l l d e p e n d , o f c o u r s e , 

on the p r i c e p e r unit''' o f c h i p s . I n o u r d i s t r i c t t he re i s 

no c h i p m a r k e t , so the p r i c e i s nego t i a ted i n c o n t r a c t 

be tween s u p p l i e r s a n d the so le c o n s u m e r o f c h i p s . A n 

i l l us t ra t i ve p r i c e is 88 per 2 0 0 c u b i c foo t u n i t net a t the 

p u l p m i l l . 

M i l l s tha t d o not p r o d u c e c h i p s w i t h the f u l l q u a n t i t y 

o f a v a i l a b l e res idues m a y rece i ve s o m e r e v e n u e f r o m 

the sa le o f o ther r e s i d u e m a t e r i a l s , e i t he r i n t h e i r n a t u r a l 

f o r m o r a f te r p r o c e s s i n g . T h u s r e s i d u e s a l e a u g m e n t s 

m i l l revenues , a l t h o u g h the m o n e y i n v o l v e d i s s m a l l r e l a 

t i ve to to ta l r evenues , as c a n be seen i n F i g u r e 7. 

O b v i o u s l y , c h i p m a n u f a c t u r e o r a n y o the r m a r k e t d i s 

p o s i t i o n o f m i l l was te i s f e a s i b l e to a p r o f i t - s e e k i n g firm 

o n l y i f the a d d i t i o n a l revenues su f f i c ien t l y e x c e e d the 

net a d d e d costs o f h a n d l i n g the was te . 

T h i s h a s been a g e n e r a l i z e d s u r v e y o f f a c t o r s a f f e c t i n g 

d e c i s i o n - m a k i n g i n the r e g i o n ' s t i m b e r i n d u s t r y . W e 

have not d i s c u s s e d s o m e p r o c e s s i n g i n d u s t r i e s , s u c h as 

p u l p - a n d p a p e r - m a k i n g , a n d venee r a n d p l y w o o d m a n u 

fac tu re . T h e s e i n d u s t r i e s s h o w a n a l o g o u s b u s i n e s s re 

sponse to that of the s a w m i l l . W h i l e m a r k e t s f o r i n p u t s 

a n d ou tpu ts o f these p r o c e s s o r s d i f f e r i n d e t a i l , e a c h firm 

must s t i l l d e t e r m i n e i ts p r o f i t s t h r o u g h the p r i c e r e l a t i o n 

s h i p s e x i s t i n g i n the m a r k e t s ; these p r o f i t s i n t u r n deter -

" C h i p s are bought and sold in terms of units. One unit of chips 
contains 2400 pounds of dry wood chips and is approximately 
the quantity of wood in a cord. A n average sawmil l can produce 
about half a unit of chips for each thousand board feet of lumber 
sawn. This figure may vary with type of equipment roughly as 
fol lows: 

Equipment 
No barker 
Slab barker 
Log barker 

Units of chips per 
thousand board feet 

0.2 
0.3 
0.5 

Figure 7 — Revenue by product c lass per thou
s a n d b o a r d feet of l u m b e r s a w n , b a s e d on 
hypo the t i ca l y i e l d for mi l l s a w i n g Doug las- f i r 

p r i c e per thousand BF (dry) 
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m i n e the s i ze of the f low o f w o o d t h r o u g h e a c h p l a n t . 

In s h o r t the essen t i a l d e c i s i o n c r i t e r i o n i s profitability, 

a n d p r i c e s a re the m e a n s b y w h i c h the necessa ry i n f o r 

m a t i o n a b o u t c h a n g i n g p ro f i t p r o s p e c t s i s t r a n s m i t t e d to 

the d e c i s i o n m a k e r . P o o r p r o f i t p r o s p e c t s , t h e n , i s a f a c 

to r that h e l p s to e x p l a i n w h y m u c h of o u r r e g i o n ' s t i m b e r 

r e s o u r c e h a s g o n e u n t o u c h e d — w h y i n o u r r e g i o n o n l y 

190 m i l l i o n c u b i c feet o f t i m b e r h a s been c u t a n n u a l l y , 

r a t h e r t h a n the e s t i m a t e d 4 5 0 m i l l i o n c u b i c feet s u s t a i n 

a b l e cu t that c o u l d be t a k e n e a c h y e a r . 

BEHAVIOR OF TIMBER 
PRODUCT PRICES IN 

PRACTICE 
W e have a l r e a d y n o t e d tha t the m a r k e t f o r l u m b e r i s 

h i g h l y c o m p e t i t i v e , s i n c e the re a r e m a n y firms, n o one 

o f w h i c h i s l a r g e e n o u g h to i n f l u e n c e p r i c e s s i g n i f i c a n t l y 

b y i tse l f . F u r t h e r m o r e , the c o n s u m e r finds d i f f i cu l t y i n 

d i f f e r e n t i a t i n g the p r o d u c t ( b r a n d n a m e s m e a n l i t t le to 

h i m I; t h e r e f o r e , he i s v e r y r e s p o n s i v e to p r i c e d i f f e r e n 

t i a l s f o r any g i v e n g r a d e . F i n a l l y , i n m a n y uses a n u m b e r 

o f c o m p e t i t i v e subs t i t u t e m a t e r i a l s a re a v a i l a b l e . 

O n e o the r f e a t u r e that c h a r a c t e r i z e s the r e g i o n ' s l u m 

b e r m a r k e t is i ts w i d e s w i n g s i n s t r eng th a n d w e a k n e s s . 

O u r m a j o r p r o d u c t , s o f t w o o d s a w t i m b e r , goes p r i m a r i l y 

i n to the h o m e - b u i l d i n g i n d u s t r y , w h e r e d e m a n d is s t r o n g 

l y i n f l u e n c e d b y the c y c l i c a l n a t u r e o f h o m e b u i l d i n g . 

I n M o n t a n a , f o r e x a m p l e , s o f t w o o d l u m b e r cons t i t u tes 

n e a r l y 9 0 p e r c e n t of the v o l u m e o f w o o d p r o d u c t s o u t p u t . 

N o d a t a a r e a v a i l a b l e a b o u t the d i s p o s i t i o n o f t h i s w o o d , 

bu t national usage es t ima tes s h o w tha t s o f t w o o d l u m b e r 

g o e s p r e p o n d e r a n t l y i n t o c o n s t r u c t i o n . F o r e x a m p l e , o f 
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a n e s t i m a t e d 4 1 . 5 b i l l i o n b o a r d feet o f l u m b e r used i n 

the U n i t e d S ta tes i n 1952 . 31 .4 b i l l i o n b o a r d feet wen t 

in to c o n s t r u c t i o n a c t i v i t y . 4 .0 b i l l i o n i n to m a n u f a c t u r e d 

p r o d u c t s a n d the r e m a i n i n g 0.1 b i l l i o n i n to s h i p p i n g 

uses. O f the 3 1 . 4 b i l l i o n b o a r d feet c o n s t r u c t i o n t o t a l , 

a p p r o x i m a t e l y 13.0 b i l l i o n wen t i n t o r e s i d e n t i a l c o n 

s t r u c t i o n . 

W e c a n see i n F i g u r e 8 the s t r o n g i n f l u e n c e o f r e s i 

d e n t i a l h o u s i n g c o n s t r u c t i o n o n l u m b e r p r o d u c t i o n at 

Figure 8 — U . S . indust r ia l p roduc t i on , l umber 
p roduc t i on , a n d hous ing starts ( seasona l l y a d 
justed rates) 

1952 '53 '54 '55 '56 '57 '58 '59 '60 '61 '62 

the n a t i o n a l l eve l . In p a r t i c u l a r , we m i g h t l o o k at t w o 

p e r i o d s w h e n l u m b e r p r o d u c t i o n d e p a r t e d f r o m the g e n 

e r a l c y c l i c a l pa t te rn o f t o ta l i n d u s t r i a l ou tpu t . F r o m late 

1954 to m i d - 1 9 5 7 i n d u s t r i a l p r o d u c t i o n c l i m b e d w h i l e 

l u m b e r p r o d u c t i o n s k i d d e d : f r o m e a r l y 1959 to the e n d 

o f 1960 i n d u s t r i a l p r o d u c t i o n r e m a i n e d o n a s o m e w h a t 

uneven p l a t e a u t h o u g h l u m b e r p r o d u c t i o n a g a i n s l i d off. 

In bo th cases l u m b e r ou tpu t p r e s u m a b l y took its cue 

d i r e c t l y f r o m h o u s i n g s tar ts . 

T o p l a c e s o m e q u a n t i t a t i v e m e a s u r e o n the h i s t o r i c a l 

f l uc tua t i ons i n the m a r k e t d u e to h o u s i n g s tar ts , c o n s i d e r 

the p e a k a n n u a l ra te 1 1 9 5 4 - 1 9 5 5 ) o f a b o u t 1.4 m i l l i o n 

un i t s a n d the 1957 leve l o f a b o u t 1.0 m i l l i o n un i t s . T h e 

d e c l i n e o f 4 0 0 . 0 0 0 a n n u a l un i t s at a n es t ima ted a v e r a g e 

usage o f 1 0 . 0 0 0 b o a r d feet o f l u m b e r per d w e l l i n g , i s a 

d i f f e r e n c e o f 4 b i l l i o n b o a r d feet, o r abou t 10 percen t 

o f to ta l 1952 use f o r a l l p u r p o s e s . P r i c e s c o r r e s p o n d i n g l y 

s h o w c o n s i d e r a b l e f l u c t u a t i o n I see F i g u r e 9 ) . T h e r e i s 

n o r e a s o n to t h i n k that the m a r k e t f o r o u r r e g i o n ' s l u m 

b e r o u t p u t i s p r o p o r t i o n a t e l y any less v a r i a b l e in d e m a n d 

f r o m y e a r to y e a r t han the n a t i o n a l f i gu res we have 

c o n s i d e r e d . 

I n s u m m a r y , the b e h a v i o r of the l u m b e r m a r k e t s h o w s : 

( 1 ) s t r o n g f l u c t u a t i o n s i n d e m a n d , w i t h r i ses o r d r o p s of 

10 to 2 0 percen t w i t h i n a f ew y e a r s t i m e ; (2 ) c o i n c i d e n t 

f l u c t u a t i o n s o f p r i c e s o f a b o u t the s a m e p r o p o r t i o n s : 

( 3 I the s t r o n g i n f l u e n c e o f the h o u s i n g m a r k e t ref lected 

i n b o t h o f the f o r e g o i n g ; 14) f a i r l y s t r o n g s e a s o n a l 

pa t t e rns c a r r y i n g the m o n t h l y ou tpu t rate o v e r a r a n g e 

o f 5 0 p e r c e n t : a n d 15) f a i r l y h i g h s u s c e p t i b i l i t y to d i s 

p l a c e m e n t by c o m p e t i t i v e p r o d u c t s as l u m b e r ' s re la t i ve 

p r i c e i n c r e a s e s . 

T h i s so r t o f m a r k e t b e h a v i o r l eads to c o n s i d e r a b l e 

u n c e r t a i n t y i n s a w m i l l p r i c e e x p e c t a t i o n s a n d hence i n 

p l a n n i n g f o r f u t u re o p e r a t i n g pa t te rns . H o w e v e r unce r 

t a i n , p r i c e e x p e c t a t i o n s rep resen t one i n g r e d i e n t o f op-

Figure 9 — A v e r a g e mi l l r ea l i za t i on pr ice of p o n d e r o s a p ine l u m b e r ove r the pos twar 
pe r iod 

dollars per thousand board feet, gross 
100 

Source: Western Pine Association. 
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Figure 10 — Techno log ica l factors a f fec t ing 

development costs go u p . . . transportation costs go u p . . . 
S / M S / M 

as fewer stems and less wood as longer hauling distances 
volume is logged per acre are involved 

e r a t i n g d e c i s i o n s : t he i r v e r y u n c e r t a i n t y resu l ts i n h i g h 

re la t i ve cos ts o f f u n d s . 

Because c a p i t a l e q u i p m e n t needed i n se t t i ng u p a 

s m a l l o p e r a t i o n i s not as e x p e n s i v e as that r e q u i r e d i n 

m o s t i n d u s t r i e s , m a n y s m a l l " s h o e s t r i n g " o p e r a t i o n s 

have c o m e in a n d out o f the l u m b e r m a r k e t d e p e n d i n g 

on m a r k e t c o n d i t i o n s . O n e s t u d y o f recen t e x p e r i e n c e 2 4 

c o n c l u d e s that m u c h o f the t e m p o r a r y e x p a n s i o n o f out

put d u r i n g c y c l i c a l p e a k s i n d e m a n d c o m e s f r o m s m a l l , 

l o w - c a p i t a l m i l l o p e r a t i o n s , w h i c h m o v e i n to fill t he 

gap d u r i n g the b o o m p e r i o d s w h e n m a r k e t p r i c e s a r e 

h i g h . W h e n p r i c e s d e c l i n e , these m i l l s m a y s t a n d i d l e 

w h i l e the o w n e r s seek i n c o m e f r o m r a n c h i n g o r o the r 

sources . T h e y m a y c h a n g e h a n d s d u r i n g the r e c e s s i o n , 

w h e n m a r k e t p r i c e s a r e too l o w to p e r m i t a d e q u a t e re

t u rns even to i n d i v i d u a l o p e r a t o r s w i l l i n g to accep t l o w 

wages f o r t he i r o w n l a b o r a n d l o w r e t u r n o n the i r o w n 

c a p i t a l . Bu t the n u m b e r o f s u c h o p e r a t i o n s i s d e c l i n i n g 

as the i n c r e a s i n g a m o u n t of c a p i t a l needed f o r p r i m a r y 

p r o c e s s i n g a n d r e s i d u a l u t i l i z a t i o n h a s r e d u c e d the o p 

po r tun i t y of the m a r g i n a l m i l l to " c o m e a n d g o . " 

D u r i n g p e r i o d s of s l u m p i n g d e m a n d a n d d e c l i n i n g 

l u m b e r p r i c e s , e x t r a p r e s s u r e s have i n the pas t been 

p laced on p r o d u c t i o n o f the b e t t e r - e a r n i n g spec ies s u c h 

as p o n d e r o s a p i n e . In a d d i t i o n , m i l l o p e r a t o r s t end to 

d r o p u n p r o f i t a b l e con t rac t s f o r s t u m p a g e a c q u i r e d d u r i n g 

h i g h e r p r i c e p e r i o d s , to r enego t i a t e sa les , o r to p i c k u p 

s m a l l sa les at l o w e r p r i c e s . A l l these t r e n d s h a v e i m p o s e d 

p a r t i c u l a r p r e s s u r e s u p o n l o n g - r a n g e fo res t m a n a g e m e n t 

p r o g r a m s by a c c e n t u a t i n g the re l a t i ve loss of h i g h e r 

q u a l i t y t rees a n d s p e c i e s . 

R e c e n t l y , h o w e v e r , the e a r l i e r n o t i o n s o f p r e f e r r e d 

spec ies have been c h a l l e n g e d by the m a r k e t : P o n d e r o s a 

p i n e , w h i c h w a s a p r e m i u m w o o d , has been l o s i n g m a r 

kets to p r e f i n i s h e d p l y w o o d , a l u m i n u m , s tee l , o r i t h a s 

s i m p l y been e l i m i n a t e d by a r c h i t e c t u r a l c h a n g e s . D e 

m a n d fo r p l y w o o d a n d d i m e n s i o n , on the o the r h a n d , 

suggests a n i n c r e a s i n g l y s t r o n g p o t e n t i a l m a r k e t f o r s u c h 

spec ies as l a r c h a n d D o u g l a s - f i r . 

RELATIONSHIP OF THE REGIONAL 
INDUSTRY TO NATIONAL MARKETS 

T h e g e n e r a l l eve l of l u m b e r a n d w o o d p r o d u c t p r i c e s 

i s d e t e r m i n e d at a n a t i o n a l leve l . B u y e r s r e c o g n i z e ce r -

" B o l l e [21. 

costs a t a n y one po in t in t ime 

with increasing ruggedness as smaller size logs are 
of terrain sawed 

t a i n b r o a d q u a l i t y d i f f e r e n c e s f o r t h e i r uses by s p e c i e s , 

g e o g r a p h i c o r i g i n , a n d g r a d e . P a r t i c u l a r spec ies o r 

g r a d e s o r s i zes c a n f l uc tua te i n p r i c e s o m e w h a t i nde 

p e n d e n t l y a c c o r d i n g to s p e c i a l c i r c u m s t a n c e s a f f e c t i n g 

e a c h . B u t e v e n s o , p r i c e s o f l u m b e r f r o m d i f f e ren t geo 

g r a p h i c o r i g i n s c a n n o t get f a r ou t o f l i n e f o r c o m p a r a b l e 

p r o d u c t c lass at any p a r t i c u l a r p o i n t of d e s t i n a t i o n . 

H e n c e , a l l o w i n g f o r d i f f e r e n c e s i n t r a n s p o r t a t i o n cos t s , 

n o o n e m i l l i n o u r d i s t r i c t c a n d o m u c h m o r e t h a n a c c e p t 

a m a r k e t - d i c t a t e d p r i c e f o r l u m b e r p r o d u c t s i t w i s h e s to 

se l l at a n y g i v e n t i m e . It h a s on ly the l i m i t e d o p t i o n of 

h o l d i n g s o m e k i n d s o f s tock of f the m a r k e t i n h o p e s of 

a be t te r p r i c e l a te r . 

I n any d i s c u s s i o n of o u r d i s t r i c t ' s t i m b e r o u t p u t , we 

m u s t r e m e m b e r that i t i s a r e l a t i v e l y s m a l l e lemen t i n 

the n a t i o n a l s u p p l y p i c t u r e a n d tha t i ts m a r k e t i n f l uence 

excep t i n r e s t r i c t e d t r a d e a reas i s a c c o r d i n g l y s l i gh t . 

T h e m a j o r g e o g r a p h i c s o u r c e o f s o f t w o o d s a w t i m b e r f o r 

the U n i t e d S ta tes m a r k e t s i s the P a c i f i c N o r t h w e s t (see 

T a b l e 1 2 1 . G r o s s c h a n g e s i n the s u p p l y o f t i m b e r a v a i l -

T A B L E 1 2 - T I M B E R P R O D U C T S O U T P U T , U N I T E D 
S T A T E S A N D M A J O R R E G I O N S , 1 9 5 2 

SOFTWOOD SOFTWOOD 
S A W L O C S VENEER 

FOR LUMBER, LOGS A N D SOFTWOOD 
ETC. BOLTS PULPWOOD 
(million board feetl thousand cordsl 

North 1,946 2 3,957 
South 9,610 38 12,973 
West 19.877 1,509 4.478 

Pacific Northwest 12,455 1,230 3,899 
California 4,902 271 269 
Ninth District 731 0 140 
Other West 1,789 8 170 

Total United States 31,433 1.549 21,408 

Source: Forest Service [39] . 

a b l e f r o m th is a rea do h a v e a d e f i n i t e i m p a c t o n n a t i o n a l 

p r i c e l eve l s . A l l a reas have e x p e r i e n c e d g r a d u a l r e m o v a l 

o f the m o r e a c c e s s i b l e , h i g h e r q u a l i t y o l d g r o w t h s t o c k s . 

T h i s a t t r i t i o n h a s i n c r e a s i n g l y necess i ta ted a sh i f t i n to 

the less a c c e s s i b l e , h i g h e r cos t s o u r c e s o f s t u m p a g e , o f t e n 

w i t h a loss o f l o g q u a l i t y (see F i g u r e 1 0 ) . A s a resu l t 

o f i n c r e a s i n g d e l i v e r e d l o g c os t s a n d h a n d l i n g cos t s , the 

s e l l i n g p r i c e n e c e s s a r y f o r c o m p e t i t i v e r e t u r n w a s i n 

c r e a s e d . ( T h e h i s t o r i c a l i m p r o v e m e n t s i n t e c h n o l o g y a n d 

m e t h o d s have o n l y p a r t l y of fset c h a n g e s i n u n i t cos ts . ) 

H i g h e r p r i c e s h a v e h e l p e d i n f l u e n c e a r e l a t i v e d r o p i n 
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d e m a n d o v e r the pas t h a l f c e n t u r y as use rs h a v e s h i f t e d 

to subs t i t u te m a t e r i a l s o r cu t b a c k the q u a n t i t i e s o f w o o d 

used i n t he i r p r o d u c t s . T h e l o n g e r - t e r m t r e n d i n t h i s 

d i r e c t i o n is i n d i c a t e d i n F i g u r e 1 1 . 

Figure 1 1 — Index of l umber pr ice re la t i ve to 
gene ra l w h o l e s a l e pr ices a n d index of con
sumpt ion of l u m b e r re la t i ve to consump t i on 
of a l l phys ica l -s t ruc ture ma te r i a l s , 1 9 0 0 - 1 9 6 2 

200 

relative consumption of lumber 
0 

1900 1910 1920 1930 1940 1950 1960 

Source: Forest Service [39], data after 1952 calculated by author. 

If we i g n o r e f o r the m o m e n t any c h a n g e s i n t e c h n o l o g y 

( w h i c h t end to be s t i m u l a t e d at t i m e s o f s t r o n g c o m p e t i 

t i o n a n d to r educe u n i t c o s t s ) , we m a y no te that a de

c l i n i n g s u p p l y i n the f a c e o f pe rs i s ten t d e m a n d resu l t s 

i n h i g h e r p r i c e s : these p r i c e s b o t h ref lect a n d a l l o w 

h i g h e r cos ts o f o p e r a t i o n . W h i l e the h i g h e r r e a l p r i c e 

n e c e s s a r i l y i m p l i e s s o m e dec rease in the a g g r e g a t e q u a n 

t i t y d e m a n d e d , it does not n e c e s s a r i l y i m p l y a d e c l i n e 

i n p r o d u c t i o n f r o m any one region. I n fac t , a r e a s o f 

e x t e n s i v e forest r e s o u r c e s w h i c h w o u l d f o r m e r l y have 

been r e g a r d e d s u b m a r g i n a l m a y a c t u a l l y p r o f i t f r o m 

the t r a n s i t i o n as i n c r e a s i n g q u a n t i t i e s o f t h e i r t i m b e r 

s u p p l i e s b e c o m e u s a b l e u n d e r the e x i s t i n g t e c h n o l o g y . 

G i v e n th is r e l a t i o n s h i p , o u r r e g i o n m a y h a v e m o r e 

to g a i n as the n a t i o n m o v e s f u r t h e r i n to the m a r g i n o f 

i ts t i m b e r s u p p l i e s , b e c a u s e we h a v e a g rea te r a m o u n t 

o f s u b m a r g i n a l t i m b e r r e l a t i v e to o u r e x i s t i n g base . 

A s p r i c e s g o u p . m a n y h i g h e r - c o s t o p e r a t i o n s in o u r 

r e g i o n m a y b e c o m e p r o f i t a b l e f o r the first t i m e . 

W e c a n rep resen t a p r i c e - o u t p u t r e l a t i o n s o m e w h a t 

a p p r o p r i a t e to p o r t i o n s o f o u r d i s t r i c t as i n F i g u r e 12 . 

T h i s es t ima ted r e l a t i o n s h i p i s b a s e d o n a F o r e s t S e r v i c e 

s t u d y o f the H e a d w a t e r s T i m b e r D e v e l o p m e n t U n i t " — 

a n a rea a d j o i n i n g o u r r e g i o n a n d h a v i n g m a n y fo res t 

c h a r a c t e r i s t i c s i n c o m m o n w i t h e a s t e r n M o n t a n a . I f t h i s 

h y p o t h e t i c a l r e l a t i o n s h i p is c o r r e c t , t hen a n i n c r e a s i n g 

r e a l p r i c e f o r l u m b e r w o u l d i n c r e a s e l u m b e r p r o d u c t i o n 

f r o m o u r r e g i o n i n sp i t e o f a c o n c o m i t a n t d e c l i n e i n 

n a t i o n a l o u t p u t . 

S o m e h i s t o r i c a l e v i d e n c e s u p p o r t i n g t h i s r e l a t i o n s h i p 

is s h o w n i n F i g u r e 13 . H e r e , first f o r M o n t a n a a n d t h e n 

f o r the U n i t e d S ta tes as a w h o l e , we h a v e p l o t t e d the 

r e l a t i o n s h i p be tween t w o v a r i a b l e s . O n e o f these i s the 

real price of lumber, w h i c h i s the a v e r a g e l u m b e r p r i c e 

a n n u a l l y e x p r e s s e d as a r a t i o to s o m e g e n e r a l p r i c e l eve l 

f o r a l l c o m m o d i t i e s a n d c o m p u t e d as a n i n d e x n u m b e r . 

T h e r e a l p r i c e rep resen ts the r e l a t i o n s h i p o f l u m b e r 

p r i c e s to the a v e r a g e o f a l l o ther p r i c e s a n d i n effect 

he lps to c a n c e l ou t g e n e r a l i n f l a t i o n a r y c h a n g e s , o r 

c h a n g e s i n p r i c e w h i c h a re s i m p l y a resu l t o f c h a n g e s 

i n the v a l u e of m o n e y . H i s t o r i c a l l y the t r end i n l u m b e r ' s 

r e a l p r i c e has been u p w a r d . 

T h e s e c o n d v a r i a b l e s h o w n is the relative consumption 

of lumber. R e l a t i v e c o n s u m p t i o n , as used h e r e , i s a r a t i o 

o f the p h y s i c a l q u a n t i t y o f l u m b e r c o n s u m e d i n any 

one y e a r to the q u a n t i t y o f a l l p h y s i c a l - s t r u c t u r e mate

r i a l s used d u r i n g that yea r . P h y s i c a l - s t r u c t u r e m a t e r i a l s 

r ep resen t a l l m a t e r i a l s used in the n a t i o n a l e c o n o m y out

s i de o f the t w o c a t e g o r i e s , f o o d s a n d f u e l s : they i n c l u d e 

m e t a l s , cemen t , p l a s t i c s , w o o d , a n d a l l the m a t e r i a l s out 

o f w h i c h o u r p h y s i c a l p l a n t is s t r u c t u r e d . T h e r a t i o then 

rep resen ts l u m b e r ' s s h a r e a m o n g the g e n e r a l c l a s s o f 

g o o d s w i t h w h i c h it c o m p e t e s f o r final use i n the econ 

o m y . A s a l o n g - r a n g e t r e n d , l u m b e r ' s s h a r e h a s d e c l i n e d 

— v e r y s h a r p l y d u r i n g the first f ew decades of th i s 

cen tu r y a n d m u c h m o r e g r a d u a l l y s i n c e the e a r l y t h i r t i es . 

O u r a r g u m e n t i s that these two v a r i a b l e s — r e a l p r i c e 

a n d r e l a t i v e c o n s u m p t i o n o f l u m b e r — a r e c o n n e c t e d caus 

a l l y t h r o u g h the e c o n o m i c p r o c e s s : A s F i g u r e 11 dep i c t s , 

the r e l a t i v e use of l u m b e r h a s d e c l i n e d h i s t o r i c a l l y o n 

the n a t i o n a l l eve l as the p r i c e o f l u m b e r has i n c r e a s e d . 

Figure 12 — Con jec tu ra l re la t ionsh ip be tween 
the reg ion 's l u m b e r product ion a n d (real) l um
ber pr ice 
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Timber resources: economic availability 

B o t h the d e c l i n i n g s h a r e a n d the h i g h e r p r i c e ref lect the 

l o n g e r - t e r m n a t i o n a l t r end t o w a r d r e m o v i n g the best , 

mos t access ib le t i m b e r a n d m o v i n g f u r t h e r i n to m o r e 

remo te s tands f o r m e r l y r e g a r d e d as s u b m a r g i n a l . 

B u t f o r M o n t a n a the r e l a t i o n s h i p has been d i f f e ren t , 

as s h o w n in F i g u r e 13 . S i n c e 1 9 3 0 . the re l a t i ve c o n s u m p 

t i o n of M o n t a n a l u m b e r ( a n n u a l c o n s u m p t i o n he re t a k e n 

to be e q u a l to p r o d u c t i o n ) h a s g r a d u a l l y r i s e n as r e a l 

p r i c e of l u m b e r has i n c r e a s e d . T h e e x p l a n a t i o n f o r t h i s 

i s as we h a v e g i v e n . M o n t a n a ' s r e l a t i v e l y l a r g e e n d o w 

ment o f less access i b l e s m a l l e r t i m b e r has p e r m i t t e d a n 

ac tua l e x p a n s i o n . T h e s e r a t h e r g r o s s r e l a t i o n s h i p s d o 

not accoun t f o r a l l that h a s h a p p e n e d . C h a n g e s i n tech 

n o l o g y a n d in spec ies a c c e p t a n c e h a v e been a pa r t o f 

the s t o r y . 

T h e b r o a d n a t i o n a l p i c t u r e s h o w s that , except d u r i n g 

the D e p r e s s i o n , the p r o d u c t i o n o f l u m b e r h a s r e m a i n e d 

at ve ry r o u g h l y c o n s t a n t leve ls f o r s e v e r a l d e c a d e s ; p r o 

d u c t i o n i n the n o r t h e r n states has d e c l i n e d , p r o d u c t i o n 

i n the s o u t h e r n states has d e c l i n e d even m o r e s h a r p l y , 

a n d p r o d u c t i o n i n the wes te rn states has c l i m b e d u p w a r d 

to fill the g a p . T h e e x p a n s i o n i n M o n t a n a has e x c e e d e d 

the a v e r a g e wes te rn i n c r e a s e , w h i c h i n recen t y e a r s has 

been l a r g e l y a t t r i b u t a b l e to d e v e l o p m e n t s in s o u t h e r n 

O r e g o n a n d n o r t h e r n C a l i f o r n i a . 

ECONOMIC DIMENSION OF THE RESOURCE 

W e have seen that the p h y s i c a l d i m e n s i o n o f a t i m b e r 

r e s o u r c e a n d i ts e c o n o m i c d i m e n s i o n a r e t w o d i f fe ren t 

t h ings . W h i l e the p h y s i c a l d i m e n s i o n o f o u r r e g i o n ' s 

t i m b e r i s i tse l f a m b i g u o u s e n o u g h , the e c o n o m i c d i m e n 

s i o n i s even m o r e d i f f i cu l t to m e a s u r e , d e p e n d i n g as i t 

does on a p r e v a i l i n g sys tem of d e c i s i o n m a k i n g . T h e 

q u e s t i o n rea l l y b e c o m e s : W h a t a re the d e c i s i o n s that l e a d 

to r e m o v a l o f t i m b e r f r o m the r e g i o n ' s f o res t s , a n d h o w 

a re these d e c i s i o n s m a d e ? B y a n s w e r i n g t h i s q u e s t i o n we 

a re b r o a d l y d e f i n i n g a n a l l o c a t i v e s y s t e m . O u r e x i s t i n g 

s y s t e m , we have s e e n , i s l a r g e l y a m a r k e t a n d p r i c e sys 

t e m , a l t h o u g h c o n s i d e r a b l e r o o m f o r a d m i n i s t r a t i v e d i s 

c re t i on ex i s t s at the t r e e - g r o w i n g s tage. T h e a d m i n i s t r a 

t i ve aspect may be t h o u g h t of a s t e n d i n g to r a t i o n the 

q u a n t i t y o f t i m b e r c u t o n p u b l i c l a n d s a n d to h o l d th i s 

w i t h i n c e r t a i n p r e d e t e r m i n e d b o u n d s . 

S i n c e one o f the key v a r i a b l e s i s p r i c e , we m i g h t 

c o n s i d e r the e c o n o m i c m e a s u r e o f p o t e n t i a l o u t p u t to be 

not s o m e s i n g l e q u a n t i t y but r a the r a schedule o f p ro f 

i t ab le q u a n t i t i e s c o r r e s p o n d i n g to v a r i o u s p o t e n t i a l 

p r i c e s . S u c h a s c h e d u l e , b a s e d o n s o m e o f the r e l a t i o n 

s h i p s d i s c u s s e d i n t h i s p a r t , w a s g i v e n i n F i g u r e 1 2 . 

T h i s r e l a t i o n s h i p , w h i l e l a b e l e d i n t e r m s c o n s i s t e n t w i t h 

c u r r e n t va l ues of ou tpu t a n d p r i c e , is p r i m a r i l y i n t e n d e d 

to be i l l u s t r a t i v e . A t best i t w o u l d a p p l y a p p r o x i m a t e l y 

at the present a n d f o r the n e a r f u t u r e . O v e r a n y l o n g e r 

Figure 13 — Re la t i ve c o n s u m p t i o n of M o n t a n a 
l u m b e r a n d Un i ted States l u m b e r vs . pr ice 
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Source: Forest Service [39] , Montana data calculated by author. 

p e r i o d v a r i o u s a d j u s t m e n t s w o u l d b e g i n to t ake p l a c e . 

I m p r o v e m e n t s i n t e c h n o l o g y that f a v o r o u r r e g i o n w o u l d 

sh i f t the c u r v e u p w a r d b y m a k i n g it p r o f i t a b l e to p r o d u c e 

m o r e a t a n y g i v e n m a r k e t p r i c e . T h e r e i s s o m e e v i d e n c e 

that recen t i n c r e a s e s i n o u t p u t he re i n the f a c e o f s teady 

o r even d e c l i n i n g l u m b e r p r i c e s ref lect c h a n g e s i n tech 

n o l o g y a p p l i c a b l e to o u r d i s t r i c t . 

T h e e s t i m a t e d s u s t a i n a b l e leve ls o f p r o d u c t i o n s h o w n 

i n F i g u r e 12 a re b a s e d o n F o r e s t S e r v i c e s tud ies . L e v e l I 

a l l o w s f o r a l l o c a t i n g s o m e o f the a v a i l a b l e t rees of s a w -

t i m b e r s i ze to venee r a n d p o l e p l a n t s i n a ba lance -o f -

i n d u s t r y p r o g r a m c o n t e m p l a t e d b y the F o r e s t S e r v i c e 

s t u d y . 2 0 L e v e l I I s i m p l y a l l o c a t e s a l l of the p o t e n t i a l 

e x p a n s i o n to s a w m i l l s . I f t he F o r e s t S e r v i c e h a d e f fec t i ve 

'-'"Forest Service 1201. 

31 



c o n t r o l o v e r the s t u m p a g e s u p p l y , t hen we m i g h t p i c t u r e 

the r e g i o n ' s c u r r e n t s u p p l y c u r v e to be that s h o w n b y 

the s o l i d l i n e . M o r e p r o b a b l y the c u r v e w o u l d f o l l o w the 

b r o k e n l i n e e x t e n s i o n u p w a r d , b e c a u s e r a t i o n i n g o f F o r 

est S e r v i c e s t u m p a g e w o u l d p r e s u m a b l y d r i v e p r i c e s 

h i g h e r on p r i v a t e t i m b e r a n d l e a d to i n c r e a s e d d r a i n on 

n o n - p u b l i c s t a n d s , e v e n b e y o n d m a x i m u m s u s t a i n a b l e 

leve ls . O f c o u r s e , th i s r e p r e s e n t a t i o n o f the p r i c e - o u t p u t 

r e l a t i o n s h i p i s h i g h l y o v e r s i m p l i f i e d . Its p r i n c i p a l p u r 

pose is to e m p h a s i z e the key f u n c t i o n a l r o l e o f price i n 

the a l l o c a t i o n o f r e s o u r c e s i n the t i m b e r i n d u s t r y . 

T h e f o r e g o i n g d i s c u s s i o n has been b a s e d on a n ag-

gregate d i s t r i c t ou tpu t , B u t , as we s a w in P a r t I, a g r e a t 

m a n y i n d i v i d u a l t i m b e r p r o d u c t c a t e g o r i e s a r e i n d e p e n d 

ent o f o r in c o m p e t i t i o n w i t h one a n o t h e r . A c t u a l l y , t h e n , 

there a re m a n y p r o d u c t s , not j u s t o n e : a n d there a r e 

m a n y m a r k e t s , not jus t o n e . E a c h m u s t s t r i k e i ts o w n 

b a l a n c e . S o m e s p e c i e s m a y be cu t fas te r t han s u s t a i n e d 

y i e l d ra tes at m o s t e x i s t i n g p r i c e l eve l s , w h i l e o the rs a r e 

cut at f a r b e l o w the i r p h y s i c a l a v a i l a b i l i t y e v e n at z e r o 

s t u m p a g e p r i c e s . C h a n g e s take p l a c e o v e r t i m e w i t h re 

spect to c o m m e r c i a l s t a n d i n g a n d c o m p e t i t i v e n e s s o f 

p a r t i c u l a r s p e c i e s , as we s h a l l see i n P a r t I I I . In g e n e r a l , 

the i n h e r e n t d i f f e r e n c e s be tween spec ies that a p p e a r e d 

i m p o r t a n t to use rs m a n y y e a r s a g o have t e n d e d to d i 

m i n i s h as a f ac to r i n c o n s u m e r d e m a n d . 

SUPPLY POSSIBILITY PICTURE AMPLIFIED 
W i t h the bet ter a p p r e c i a t i o n we n o w have of the in te r 

a c t i o n be tween p h y s i c a l a n d e c o n o m i c p o s s i b i l i t y l eve l s , 

we w i s h to r e v i e w b r i e f l y the p h y s i c a l l i m i t s o f p o t e n t i a l 

s u p p l y . T h e d a t a i n F i g u r e 14 s u m m a r i z e the i m m e d i a t e 

p h y s i c a l p o t e n t i a l s . T h e d a t a a r e p r e s e n t e d i n a g g r e g a t e 

c u b i c foo t v o l u m e s , so k e e p i n m i n d that these resu l ts 

m a s k a v a r i e t y o f q u a l i t y , s i z e , a n d spec ies d i f f e rences . 

A n a l l o w a b l e cu t o f 4 5 5 m i l l i o n c u b i c feet a n n u a l l y 

as s h o w n is a d a p t e d f r o m the F o r e s t S e r v i c e figures as a 

p r o v i s i o n a l m e a s u r e o f the ou t s i de s ize o f f eas ib l e t i m b e r 

d r a i n f r o m the fo res ts i n o u r r e g i o n . T h e c o n s i d e r a b l y 

l o w e r c u r r e n t a c t u a l cu t . as we have n o t e d , is a f u n c t i o n 

o f the p r i c e s o f o u t p u t s a n d i n p u t s a n d the t e c h n o l o g y 

o f the p rocesses used . If p r o d u c t p r i c e s were f o r s o m e 

reason to a d v a n c e su f f i c ien t ly w h i l e o ther f a c t o r s re 

m a i n e d u n c h a n g e d , t hen ac tua l d r a i n c o u l d c o n c e i v a b l y 

r i se to e x c e e d the a l l o w a b l e cu t w i t h the f u l l we igh t o f 

the excess cu t o c c u r r i n g on p r i v a t e h o l d i n g s . H e n c e the 

4 5 5 m i l l i o n c u b i c feet s h o w n f o r c u t t i n g p o t e n t i a l rep 

resents no t the m a x i m u m s u p p l y that is p h y s i c a l l y a v a i l 

a b l e , bu t o n l y a m a x i m u m feas ib l e t ake w i t h i n a m a n a g e 

men t p r o g r a m b a s e d o n c u r r e n t i n f o r m a t i o n a n d v i e w s . 

E v e n the la t te r c o n c e p t , m a x i m u m s u s t a i n a b l e y i e l d , i s 

r e l a t i v e to e c o n o m i c f ac to r s . W e r e the p r i c e o f p r o d u c t s 

to i n c r e a s e su f f i c ien t l y i n r e l a t i o n to i npu t p r i c e s , p r i v a t e 

d e c i s i o n m a k e r s m i g h t p r o f i t a b l y i nc rease the in tens i t y of 

m a n a g e m e n t of fo res t s t a n d s — b y m o r e i n t e n s i v e c u l t i v a 

t i o n , r a i s i n g o f g r o w t h ra tes , r e d u c i n g o f m o r t a l i t y ra tes, 

e t c . — s o as to e n l a r g e s u s t a i n a b l e cu t . 

T h e a l l o w a b l e cu t s h o w n exceeds c u r r e n t g r o w t h f o r 

r e a s o n s d i s c u s s e d i n P a r t I, a n d t h i s fac t s i m p l y e m 

p h a s i z e s that the a l l o w a b l e cu t i s based on s o m e po ten

t i a l g r o w t h ra te , not n e c e s s a r i l y a n e x i s t i n g one . 

I f we n o w t race out the f low of w o o d m a t e r i a l cu t , 

a s s u m i n g it to be cu t at the 4 5 5 - m i l l i o n - c u b i c - f o o t - p e r -

y e a r l eve l of the a l l o w a b l e , t hen we c a n see s o m e a d d i 

t i o n a l p h y s i c a l s u p p l y p o s s i b i l i t i e s : T h e s e c o m e f r o m the 

r e s i d u e s lef t i n the forest a f te r l o g g i n g o p e r a t i o n s a n d 

f r o m the r e s i d u e s r e s u l t i n g f r o m l u m b e r a n d venee r 

m a n u f a c t u r e at the m i l l . B a s e d o n a n a n n u a l cu t o f 4 5 5 

Figure 14 — P h y s i c a l s u p p l y poss ib i l i t y d i a g r a m , wes te rn N i n t h distr ict, f igures in mi l l ions 
of cubic feet per y e a r 
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Timber resources: economic availability 

m i l l i o n c u b i c feet, m o r e t h a n 4 5 m i l l i o n c u b i c feet o f 

l o g g i n g res idues w o u l d be p r o d u c e d i n the forest a n d 

more than I M l m i l l i o n c u b i c feet at the m i l l s . F u l l e r use 

of these waste m a t e r i a l s c o u l d i n c r e a s e s u b s t a n t i a l l y the 

p h y s i c a l v o l u m e of p r o d u c t ou tpu t . 

H e r e we recoun t mere l y the physical availability o f 

w o o d m a t e r i a l : the extent o f actual use at any one t ime 

depends on the e c o n o m i c f e a s i b i l i t y o f m e a s u r e s a p ro f i t -

m a k i n g c o n c e r n m i g h t a d o p t to u t i l i z e these m a t e r i a l s . 

A f r a c t i o n o f b o t h l o g g i n g r e s i d u e s a n d m i l l r e s i d u e s 

does find i ts w a y i n to c u r r e n t uses e i t he r s o l d by the 

p lan t as a b y p r o d u c t o r r e c y c l e d to d i s p l a c e i n p u t s that 

m i g h t o the rw i se have to be p u r c h a s e d f r o m o u t s i d e . B u t 

these uses c o u l d be e x p a n d e d g r e a t l y , g i v e n suf f ic ient 

t e c h n o l o g i c a l a d v a n c e . 2 7 

A n o t h e r subs tan t i a l s o u r c e o f r a w w o o d f o r p r o c e s s i n g 

is the s tock o f d e a d but s a l v a g e a b l e t i m b e r p h y s i c a l l y 

a v a i l a b l e i n l a r g e q u a n t i t i e s a n d s u i t a b l e f o r m a n y uses. 

E c o n o m i c c o n s i d e r a t i o n s a re p a r a m o u n t he re as i n the 

case of r es i due u s e : a n d w i t h su f f i c ien t l y a t t r a c t i v e p r i c e s 

fo r p r o d u c t s a n d h i g h e r p r i c e s o f c o n v e n t i o n a l l i v e i n p u t 

m a t e r i a l , th i s t y p e o f t i m b e r c o u l d be a t t r a c t i v e f o r i n 

d u s t r i a l use. T h e s tock o f d e a d t i m b e r i s a d d e d to , at 

a n a v e r a g e a n n u a l ra te o f 5 0 m i l l i o n c u b i c fee t ; h o w 

fast it i s r e d u c e d b e y o n d s a l v a g e by d e c a y , fire, e tc . i s 

"Gu th r i e and Armstrong 132} suggest that technological change 
in the industry in past decades has centered largely on util ization 
of residues rather than adjustments in the basic process thai 
would reduce the fraction of residues produced. They contend 
that this trend has reduced the incentive to improve the basic 
process and to strengthen the economic interest in maintaining a 
high proportionate flow of residues. 

u n k n o w n . S o m e y e a r s m a y w i tness a d d i t i o n s o f d e a d 

t i m b e r i n p a r t i c u l a r s p e c i e s a n d l o c a t i o n s i n e p i d e m i c 

p r o p o r t i o n s , m a k i n g r a t h e r s p e c i a l s u p p l y s i t u a t i o n s f o r 

s h o r t p e r i o d s . W e w i l l d i s c u s s a n e x a m p l e o f th i s i n 

P a r t I I I . 

I n s u m m a r y , we c a n see that the p h y s i c a l b a s i s f o r 

i n d u s t r y — t h e s h e e r q u a n t i t y of w o o d m a t e r i a l a v a i l a b l e 

— i s s u b s t a n t i a l l y g r e a t e r t h a n c u r r e n t l y i s u s e d . W h e t h e r 

m u c h o r r e l a t i v e l y l i t t le o f th i s a m o u n t i s u s e d i n the 

n e a r f u t u r e d e p e n d s o n a v a r i e t y o f b a s i c e c o n o m i c fac 

t o r s : t e c h n o l o g y , p r i c e s o f p r o d u c t s as d e t e r m i n e d by the 

m a r k e t , a n d p r i c e s o f i n p u t s the m i l l s m u s t b u y . In a 

sense, t h e n , the m a x i m u m p h y s i c a l q u a n t i t y c a n be 

s t r e t c h e d , g i v e n the a p p r o p r i a t e t e c h n o l o g y a n d s u i t a b l e 

p ro f i t i n c e n t i v e . B u t . the p r a c t i c a l e c o n o m i c p o t e n t i a l 

o f the r e g i o n ' s i n d u s t r y d e p e n d s o n s e v e r a l f a c t o r s that 

w i l l be d e t e r m i n e d l a r g e l y o u t s i d e o u r r e g i o n ; m o s t o f 

these a re e c o n o m i c v a r i a b l e s w h i c h w i l l be r e s o l v e d only-

t h r o u g h m a r k e t i n t e r a c t i o n w i t h a m u l t i t u d e o f o t he r 

sec to rs i n o u r n a t i o n a l e c o n o m y . 

In o u r d i s c u s s i o n t h u s f a r . l i t t le d i r e c t a t t en t i on has 

been p a i d to the s p e c i a l f ea tu res of the t i m b e r i n d u s t r y 

i n o u r r e g i o n a n d s p e c i f i c p r o b l e m s o n the c u r r e n t scene. 

W e t u r n nex t to e x a m i n e the r e g i o n a l i n d u s t r y a n d the 

recen t d e v e l o p m e n t s o f i m p o r t a n c e that h a v e a f fec ted i t . 

T h i s w i l l a l o n c e i l l u s t r a te s o m e o f the g e n e r a l p r i n c i p l e s 

we have been d i s c u s s i n g , h e l p us g a i n a c l o s e r t o u c h 

w i t h s o m e o f the m o r e s p e c i f i c fea tu res o f t i m b e r p r o d u c 

t i o n a n d p r o c e s s i n g in o u r r e g i o n , a n d p r o v i d e a back 

g r o u n d to o u r m o r e d e t a i l e d l o o k at r e g i o n a l p o t e n t i a l 

i n P a r t I V . 
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Ill THE REGION'S TIMBER PROCESSING INDUSTRY: 

PAST AND PRESENT 

r u r d i s c u s s i o n u p to th i s p o i n t h a s been m o s t l y i n 

t e r m s o f g e n e r a l f a c t o r s a f f e c t i n g p r o f i t a b i l i t y . M a n y o f 

o u r c o m m e n t s i n p r i n c i p l e c o u l d we l l app l v to s o m e 

o the r r e g i o n s . Hut now we want to l o o k m o r e c l ose l y at 

the g e o g r a p h ) a n d recen t h i s t o r y o f the p r o c e s s i n g i n 

d u s t r y i n o u r r e g i o n . 

LOCATION OF THE TIMBER 
PROCESSING INDUSTRY 

H i s t o r i c a l l y , wes te rn M o n t a n a w a s the ea r l i es t a rea to 

be f u l l y e x p l o i t e d , a n d s o m e o f its s e c t o r s h a v e m o r e 

m i l l c a p a c i t y t han t i m b e r p r o d u c t i o n c a p a c i t y o n a sus 

t a i n a b l e b a s i s . A s a r o u g h es t ima te , a b o u t t w o - t h i r d s o f 

the s a w m i l l capac i t y in the r e g i o n u n d e r s t u d y i s f o u n d 

in M o n t a n a west o f the c o n t i n e n t a l d i v i d e . In F i g u r e 15 

we c a n see that the bu l k of m i l l s , e s p e c i a l l y the l a r g e 

m i l l s , a re c o n c e n t r a t e d the re . In o t he r pa r t s o f the r e g i o n , 

w h e r e m i l l c a p a c i t y has been s u b s t a n t i a l l y b e l o w s u s t a i n 

a b l e t i m b e r o u t p u t , recen t y e a r s h a v e seen i n c r e a s i n g 

n u m b e r s o f l u m b e r o p e r a t i o n s . 

T h e p resen t g e o g r a p h i c pa t t e rn o f s a w m i l l s i n o u r 

r e g i o n , d e p i c t e d i n F i g u r e s 15 a n d 1 6 , i s the resu l t o f 

past d e c i s i o n s b\ h u n d r e d s o f i n d i v i d u a l firms l o c a t i n g 

t h e i r o p e r a t i o n s a n d d e t e r m i n i n g e x p a n s i o n p l a n s p r i n -

c i p a l l v g u i d e d by e x p e c t e d p ro f i t . T h e n e t w o r k o f do ts 

on the m a p s mav g i v e a m i s l e a d i n g sense o f fixedness a n d 

p r e c i s i o n i n d e f i n i n g the n u m b e r a n d l o c a t i o n o f t i m b e r -

p r o c e s s i n g firms. T h e s e dots mere lv a p p r o x i m a t e the 

l o c a t i o n of ac t i ve s a w m i l l s as o f s o m e t ime i n 1956 . A t 

best th i s figure represen ts a snapsho t o f a very dynamic -

p r o c e s s . I n 1956. as a g l a n c e back at F i g u r e 9 w i l l s h o w , 

m a r k e t p r i c e s h a d r e a c h e d a n h i s t o r i c a l peak . Subsequen t 

r e t r e n c h m e n t s h a v e cu t at least a h u n d r e d s a w m i l l s f r o m 

the o p e r a t i n g l is t . In 1962 nea r l y h a l f the d i s t r i c t ' s saw

m i l l s we re i d l e . L o n g e r - t e r m t rends a re a lso at w o r k to 

a n i m a t e these d o t s , a n d the t rends w i l l f o r m a m a j o r par t 

o f the sub jec t ma t te r o f th i s s e c t i o n . 

CHANGES IN SAWMILL 
LOCATIONS AND NUMBERS 

S i g n i f i c a n t c h a n g e s i n n u m b e r s a n d l oca t i ons of saw

m i l l s have taken p lace . S o m e o f the c h a n g e represents 

b a s i c t r e n d s s u g g e s t i n g the s h a p e o f f u r t h e r changes to 

c o m e . O t h e r c h a n g e s rep resen t the response to t r a d i t i o n a l 

c y c l i c a l s w i n g s i n p r i c e s a n d d e m a n d . T h e n u m b e r o f 

a c t i v e s a w m i l l s in the r e g i o n at any one t ime is a l w a y s 

d i f f i cu l t to d e t e r m i n e because o f the v o l a t i l i t y o f the i n 

d u s t r y . I n recen t y e a r s th i s n u m b e r has r a n g e d f r o m 

a b o u t 2 0 0 to 4 0 0 . w i t h 

Figure 15 — L o c a t i o n of 

— r 

M o n t a n a s a w m i l l s , 1956 
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d r o p o f c y c l i c a l f l uc tua t i ons 

i n m i l l n u m b e r s as w e l l as 
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mile 

. sawmills with annual production 
of less than 10,000M board feet 

— sawmills with annual production 
• o f 10,000M board feet or more 

-"Bol le 12). 
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s t ruc ted i n the past d e c a d e w h e r e n o n e e x i s t e d p r e v i o u s l y . 

A survey by the a u t h o r i n d i c a t e s that 4 2 new m i l l s we re 

cons t r uc ted d u r i n g the p e r i o d 1 9 5 2 - 1 9 5 7 , s o m e o f these 

u n d e r the s p e c i a l l y i n s t r u c t i v e c i r c u m s t a n c e s w h i c h w i l l 

be e x p l o r e d nex t . 

NEW MILLS AND 
INTERREGIONAL MOVEMENT 

T h e resu l ts of a s u r v e y of n e w m i l l s c o n s t r u c t e d d u r i n g 

the five-year p e r i o d , 1 9 5 2 - 1 9 5 7 , a r e s u m m a r i z e d i n 

T a b l e s 13 a n d 14. It c a n be seen that the t r a n s f e r s — f i r m s 

p r e v i o u s l y i n o p e r a t i o n at d i f f e r e n t l o c a t i o n s — a c c o u n t 

f o r a b o u t h a l f the new m i l l s . H e r e we detect the i m p a c t 

of c h a n g i n g t i m b e r s u p p l y r e l a t i o n s i n the P a c i f i c N o r t h 

west. D u r i n g the t h i r t i es a n d e a r l y f o r t i es s t u m p a g e 

p r i ces we re s t i l l r e l a t i v e l y l o w , a n d the s u p e r i o r q u a l i t y 

a n d l o w e r cos ts o f o p e r a t i o n g a v e the P a c i f i c c o a s t a l 

t i m b e r a reas a s t r o n g l y p r e f e r r e d p o s i t i o n f o r p r o d u c 

t i o n . B u t c o m p e t i t i v e c o n d i t i o n s c h a n g e d . S t u m p a g e i n 

that a rea h a s b e c o m e i n c r e a s i n g l y s c a r c e . A g rea t m a n y 

firms, finding t hemse l ves w i t h o u t d e p e n d a b l e s u p p l i e s 

o f t he i r o w n o r h a v i n g e x h a u s t e d c u t t i n g f r o m t h e i r o w n 

c h e a p l y p u r c h a s e d t i m b e r o f the pas t , w e r e f o r c e d to 

buy t i m b e r at i n c r e a s i n g l y h i g h e r p r i c e s . S t u m p a g e p r i c e s 

o f t i m b e r f o r P a c i f i c N o r t h w e s t s tates rose s u b s t a n t i a l l y 

SURVEY OF NEW SAWMILL CONSTRUC
TION, 1952-1957 

ORIGIN 
" N e w " starts 
Transfers 

Total 

TABLE 1 4 -

Western 
Montana 

10 
5 

^5 

LOCATION 
Eastern Montana 
and Black Hills 

II 
16 

27 

Total 
District 

21 
21 

42 

ESTIMATED SINGLE-SHIFT CAPACITY OF 
NEW MILLS OPENED 1952-1957, THOU
SANDS OF BOARD FEET 

L O C A T I O N 
Western Eastern Montana Total 

ORIGIN Montana and Black Hills District 
" N e w " starts 287 49 336 
Transfers 185 504 689 

Total 472 553 1.025 

a f te r W o r l d W a r II r e l a t i ve to p r i c e s i n n o r t h e r n R o c k y 

M o u n t a i n fo res ts (see F i g u r e 1 7 ) . 

P a r t of the r i s e i n a v e r a g e west coas t p r i c e s s h o w n 

i n F i g u r e 17 is the resu l t o f h e a v y b i d d i n g f o r the h i g h e r 

q u a l i t y l ogs used by the r a p i d l y e x p a n d i n g p l y w o o d i n 

d u s t r y : the g r a p h p r o b a b l y e x a g g e r a t e s the i n c r e a s e o f 

a v e r a g e s t u m p a g e p r i c e f o r s a w l o g s . B u t these c h a n g e s 

h a d a d e f i n i t e i m p a c t o n the t i m b e r i n d u s t r y o f the 

Figure 17 — S t u m p a g e pr ices for t imber on 
na t i ona l forest l a n d 

dollars per thousand board feet 
25 

1915 '25 '35 "45 '55 

P a c i f i c Nor thwes t . " ' " M a n y m i l l s , p a r t i c u l a r l y the s m a l l e r 

• o n e s , h a v e been s q u e e z e d ou t i n the c o m p e t i t i v e s t r u g g l e . 

T h e n u m b e r o f m i l l s in c o a s t a l O r e g o n , f o r e x a m p l e , 

d r o p p e d f r o m 1,265 i n 1948 to 7 4 4 i n 1 9 5 4 . 

P r i c e s a r e , o f c o u r s e , a s i g n a l i n a p r i v a t e e n t e r p r i s e 

e c o n o m y . I n t h i s case the i n c r e a s i n g p r i c e s o f i n p u t s to 

the firms s i g n a l e d r i s i n g cos ts o f d o i n g b u s i n e s s i n the 

c o a s t a l l o c a l i t i e s r e l a t i v e to the i n t e r i o r m o u n t a i n l o c a l i 

t ies . A s a r e s u l t , d e v e l o p e r s t u r n e d to sites, i n M o n t a n a 

a n d the B l a c k H i l l s that w o u l d not h a v e been c o n s i d e r e d 

i n e a r l i e r y e a r s . 

'-'"For documentation see, for example. Lewis and Clark and Reed 
College 1301, Guthrie and Armstrong 132], 
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Figure 18 

• new sawm 
old location if transferred 
location of other company faci l i t ies 

in event of expansion 

R o u g h l y h a l f o f the r e l o 

ca ted m i l l s e n t e r i n g the t a l l ) 

in T a b l e 13 a c t u a l l y t rans

f e r r e d t h e i r o p e r a t i o n s f r o m 

P a c i f i c coast states. T h i s re

l o c a t i o n h a s t o u c h e d o u r d i s 

t r ic t at p o i n t s a l l the w a y 

f r o m wes te rn M o n t a n a to the 

B l a c k H i l l s tsee F i g u r e 1 8 1 . 

M a n y a d d i t i o n a l i n q u i r i e s 

w e r e m a d e by c o a s t a l m i l l s 

a b o u t the p o s s i b i l i t i e s o f 

t r a n s f e r i n t o M o n t a n a . T h e 

p r e s s u r e s b e h i n d t h i s de

v e l o p m e n t we re b a s i c a l l y 

e c o n o m i c — o f the sor t d i s 

cussed e a r l i e r that m o t i v a t e 

d e c i s i o n s a b o u t r e s o u r c e a l 

l o c a t i o n by p r i v a t e p ro f i t -

s e e k i n g f i r m s . B u t i n mos t o f these cases the F o r e s t 

S e r v i c e , as the c h i e f s u p p l i e r o f t i m b e r i n these a r e a s , 

h a d to be a s i len t p a r t n e r to the m o v e . T h a t i s , the F o r e s t 

S e r v i c e h a d to a r r a n g e i n d i v i d u a l t i m b e r sa les m u c h 

l a r g e r t han u s u a l i n o r d e r that the k n o w n r a w m a t e r i a l 

s u p p l y u n d e r c o n t r a c t to e a c h p r o p o s e d m i l l w o u l d be 

l a r g e e n o u g h to j u s t i f y ( i n the eyes o f the p r i v a t e o p 

e r a t o r I the c a p i t a l i n v e s t m e n t needed to b u i l d a n d ope r 

a te a m o d e r n s a w m i l l . S e v e r a l sa les , e a c h i n v o l v i n g 5 0 

to 9 0 m i l l i o n b o a r d feet, we re a r r a n g e d by the F o r e s t 

S e r v i c e ; as a resu l t , s e v e r a l new m i l l s w e r e c o n s t r u c t e d . 

A s we c o n t i n u e to e x a m i n e the f i gu res i n T a b l e s 13 a n d 

14, o t he r p o i n t s o f in te res t e m e r g e . W e c a n see that a l 

mos t t w i c e as m a n y o f the new m i l l s o p e n e d u p east 

o f the c o n t i n e n t a l d i v i d e as d i d west o f it. T h i s i s b e c a u s e 

mos t a reas west o f the d i v i d e h a v e been e x p l o i t e d m o r e 

fu l l y o v e r a l o n g e r p e r i o d a n d b e c a u s e m i l l c a p a c i t y 

G e o g r a p h i c source of n e w s a w m i l l s , 1 9 5 2 - 1 9 5 7 

a p p r o a c h e s a n d i n s o m e p laces exceeds the l i m i t s o f 

c u r r e n t c u t t i n g p o s s i b i l i t i e s . 

OTHER NEW TIMBER-USING PLANTS 

P r o d u c t i o n o f o t he r k i n d s o f t i m b e r p r o d u c t s has 

c h a n g e d , t oo . i n the last few y e a r s . W h i l e s o m e k i n d s 

of p l a n t s , s u c h as p o l e t r e a t i n g p l a n t s , have s h o w n no 

d e f i n i t e t r e n d s i n ou tpu t , o thers i n c l u d i n g p u l p a n d 

veneer h a v e i n t r o d u c e d to the r e g i o n re la t i ve l y new 

k i n d s o f p r o c e s s i n g a c t i v i t i e s I see F i g u r e 1 9 1 . T h e s e 

" n e w " t ypes o f l i m b e r - u s i n g p l a n t s h a v e , in fac t , been 

the mos t ac t i ve f ac to r b e h i n d the e x p a n s i o n o f e m p l o y 

men t that has o c c u r r e d i n M o n t a n a ' s t i m b e r i n d u s t r y in 

the pas t d e c a d e I F i g u r e 2 0 ) . 

M o n t a n a fores ts h o l d l a r g e q u a n t i t i e s o f p u l p w o o d , yet 

o n l y m i n o r c u t t i n g s a re b e i n g m a d e f o r d i r ec t use in 

p u l p i n g . P r i o r to 1 9 4 5 the p u l p w o o d c u t — a t peak 10 ,000 

Figure 19 — M i s c e l l a n e o u s w o o d - u s i n g p lan ts , 1956 a n d 1962 
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The region's industry: past and present 

to 15,000 c u r d s a y e a r — w a s s h i p p e d to m i l l s i n eas te rn 

W a s h i n g t o n . A f t e r 1945 . m i l l s i n W i s c o n s i n b e g a n to t ake 

i n c r e a s i n g a m o u n t s as a n o u t g r o w t h o f p o l i c i e s res t r i c t 

i n g the i r f o r m e r s o u r c e s i n O n t a r i o . S h i p m e n t s to W i s 

c o n s i n — la rge ly o f l o d g e p o l e p i n e f r o m eas tern M o n t a n a 

— i n c r e a s e d rap id l y u n t i l as m u c h as 100 .000 c o r d s an 

nual ly were s h i p p e d by the e a r l y 1950s . In recen t y e a r s , 

a m o u n t s m o v i n g to m i l l s in eas te rn W a s h i n g t o n a n d 

n o r t h e r n I d a h o have e x c e e d e d 3 0 . 0 0 0 c o r d s i n s o m e 

years w h i l e s h i p m e n t s to W i s c o n s i n have d e c l i n e d I mos t 

p u l p w o o d to W i s c o n s i n is n o w sent a s c h i p s r a t h e r t han 

l ogs I . 

No t un t i l the m id - f i f t i e s d i d i n d u s t r y f i nd it e c o n o m i c a l 

to b u i l d p u l p - o r p a p e r - m a k i n g c a p a c i t y w i t h i n o r near 

M o n t a n a ' s b o u n d a r y . In sp i te o f the l a r g e po ten t i a l p u l p -

w o o d ha rves t . M o n t a n a ' s f i rs t p u l p m i l l , the W a l d o r f -

H o e r n e r P a p e r P r o d u c t s C o m p a n y p lan t bu i l t at M i s 

s o u l a in 1957 , d i d not use p o l e t i m b e r so w i d e l y a v a i l a b l e 

i n the s ta te 's f o res t s , bu t ins tead used w o o d r e s i d u e s 

tu rned out as a b y p r o d u c t o f l o c a l s a w m i l l o p e r a t i o n s . 

S o m e twenty M o n t a n a m i l l s w i t h i n a h u n d r e d - m i l e r a d i u s 

o| M i s s o u l a have gone into c h i p p r o d u c t i o n I" supp ly 

c h i p s to the M i s s o u l a p u l p m i l l . T h e W a l d o r f - H o e r n e r 

m i l l , w i th a 500 - t on d a i l y p u l p c a p a c i t y , r e q u i r e s the 

e q u i v a l e n t o f 180 .000 c o r d s o f w o o d i n c h i p f o r m p e r 

yea r . 

RECENT TRENDS IN PRODUCTION 

In a d d i t i o n to c h a n g e s i n the n u m b e r s a n d l o c a t i o n s 

o f s a w m i l l s , m a r k e d c h a n g e s i n the v o l u m e a n d c o m 

p o s i t i o n o f l u m b e r ou tpu t have o c c u r r e d o v e r the pas t 

d e c a d e . D a t a on a n n u a l s o f t w o o d l u m b e r p r o d u c t i o n 

s i n c e 1949 a re s h o w n i n F i g u r e 2 1 . W h i l e to ta l U n i t e d 

States p r o d u c t i o n has r e m a i n e d r e l a t i v e l y c o n s t a n t at 

a b o u t 3 0 b i l l i o n b o a r d feet a n n u a l l y , b o t h S o u t h D a k o t a 

a n d M o n t a n a o u t p u t s o f l u m b e r h a v e g a i n e d s i g n i f i 

c a n t l y . ' " T h e net effect of the a l l o c a t i o n d e c i s i o n s i n the 

n a t i o n a l e c o n o m y thus has been to d r a w i n c r e a s i n g q u a n 

t i t ies o f w o o d f r o m o u r r e g i o n . 

In the B l a c k H i l l s , the e x p a n d e d ou tpu t h a s c o m e 

f r o m p o n d e r o s a p i n e s tands . In M o n t a n a , s o m e ra the r 

b r o a d c h a n g e s i n s p e c i e s c o m p o s i t i o n have o c c u r r e d . 

F i g u r e 2 2 i l l us t ra tes seve ra l sh i f t s i n s p e c i e s c u t d u r i n g 

the p o s t w a r p e r i o d . T h r e e p a r t i c u l a r l y n o t e w o r t h y 

changes a r e : I 1) the l a r g e r e l a t i v e g r o w t h o f l o d g e p o l e 

p i n e ; (21 the e x t r e m e l y r a p i d g r o w t h a n d s u b s e q u e n t 

d e c l i n e i n p r o d u c t i o n o f E n g e l m a n n s p r u c e ; a n d ( 3 ) the 

s h a r p e x p a n s i o n i n o u t p u t o f D o u g l a s - f i r a n d l a r c h c o 

i n c i d i n g w i t h the d e c l i n e i n E n g e l m a n n s p r u c e . W e s h a l l 

"Deslrucl ion by fire in I960 of One of the Black Hi l ls larger and 
newer sawmills, and closing of some obsolete mil ls account for 
the decline in South Dakota production in the last few years. 
Potential cut has not decl ined. 

Figure 2 0 — A v e r a g e a n n u a l e m p l o y m e n t in 
M o n t a n a forest products indust r ies, 1952 -1961 
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Source: Montana Unemployment Commission. 

Figure 2 1 — S o f t w o o d lumber p roduc t i on , 1949 -

1 9 6 2 , in mi l l i ons of b o a r d feet 
(ratio scale) 
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20 
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Source: U.S. Bureau of Census. Western Pine Association. 

n o w e x a m i n e the f a c t o r s b e h i n d the first t w o o f these 

c h a n g e s . 

Lodgepole Pine: Competitive Possibilities 

T h e i n c r e a s e d l u m b e r p r o d u c t i o n f r o m l o d g e p o l e p i n e 

i s c l o s e l y r e l a t e d to the new c o n s t r u c t i o n i n s a w m i l l 

c a p a c i t y d i s c u s s e d e a r l i e r . W e n o t e d in P a r t I tha t the 

a b u n d a n t l o d g e p o l e p i n e h a s not been used m u c h i n the 
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Figure 22 — M o n t a n a lumber p roduc t ion by 
species, 1 9 4 9 - 1 9 6 2 
millions of board feel (lumber tally) 
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Source: Western Pine Association. 

past f o r l u m b e r even t h o u g h in qua l i t y a n d w o o d c h a r 

ac te r i s t i c s i l r esemb les p r i z e d p o n d e r o s a p i n e . W i t h 

t y p i c a l lop: d i a m e t e r s f o r l o d g e p o l e r u n n i n g f r o m 6 to 12 

inches , p u l p w o o d was the m a i n use of l o d g e p o l e p i n e u p 

u n t i l a few y e a r s a g o . w i t h o the r a p p l i c a t i o n s as po les 

a n d m i n e t i m b e r s . Hut i n c r e a s i n g cos ts o f l a r g e r l ogs 

of o ther p i n e spec ies , c o u p l e d w i t h the n o t i o n that a m i l l 

d e s i g n e d spec i f i ca l l y to d e a l w i t h s m a l l s i z e d s a w l o g s 

m igh t h a n d l e l o d g e p o l e p i n e e f f i c ien t ly , have led to c o n 

s t r u c t i o n of severa l s u b s t a n t i a l s a w m i l l s . 

L o d g e p o l e p i n e s a w m i l l s face m a r k e t i n g p r o b l e m s as 

wel l as t e c h n o l o g i c a l p r o d u c t i o n p r o b l e m s . T h e o d d 

w i d t h s a n d na r row b o a r d s w h i c h f o r m a n a p p r e c i a b l e 

p a r i of the ou tpu t f ace d i f f i cu l t i es o f a c c e p t a n c e on the 

m a r k e t . T o u t i l i z e the s m a l l d i a m e t e r l o d g e p o l e l o g effi

c i e n t l y , the p r o d u c t i o n p r o c e s s m a y y i e l d q u i t e a n u m 

ber o f b o a r d s i n s u c h w i d t h s as 7 - i nch a n d 5 - i n c h , o r 

e v e n 4 - inch a n d 3 - i n c h . O n e a p p r o a c h h a s been to try 

to m a r k e t these b o a r d s to d e a l e r s o r l a r g e c o n s u m e r s 

as par t o f a p a c k a g e w h i c h i n c l u d e s the m o r e s t a n d a r d 

w i d t h 18 - inch a n d 10 - i nch I. S u c h e f fo r t s h a v e been 

par t ly s u c c e s s f u l f o r s o m e m i l l s , but c o n s u m e r resist-

a n t e s t i l l r e m a i n s h i g h . 

A s e c o n d a p p r o a c h in d e a l i n g w i t h the a b u n d a n c e o f 

n a r r o w , o d d s i zes h a s been to g l u e edge- to -edge to f o r m 

w i d e r b o a r d s o r g l u e s i d e - t o - s i d e to f o r m l a m i n a t e d 

t i m b e r s . A n u m b e r of the l o d g e p o l e s a w m i l l s h a v e i n 

s t a l l e d h i g h - s p e e d g l u i n g e q u i p m e n t w h i c h p e r m i t s t h e m 

to e d g e - g l u e , f o r e x a m p l e , a 3 - i n c h a n d a 5 - i n c h b o a r d 

to f o r m a s i n g l e 8 - i n c h b o a r d . S u c h m e a s u r e s d o not 

o f fer a u n i v e r s a l c o m p e t i t i v e s o l u t i o n , s ince g l u i n g a d d s 

to p r o d u c t i o n cos ts w i t h o u t a c o m p e n s a t i n g i nc rease in 

b o a r d p r i c e o v e r t ha i at a n u n g l u e d b o a r d of e q u a l 

w i d t h . 

A t h i r d a p p r o a c h f o l l o w e d by s o m e l o d g e p o l e m i l l s h a s 

been to p e r f o r i n s o m e s e c o n d a r y m a n u f a c t u r e on the 

p r i m a r y s tock to i nc rease i ts m a r k e t v a l u e . T h i s may 

i n c l u d e , f o r e x a m p l e , the m a c h i n i n g o f b o a r d s i n t o v a r -

iOUS f o r m s o f i n t e r i o r p a n e l i n g : l e x t u r e d . g r o o v e d , o r 

p l a i n . P a n e l i n g b r i n g s the m a t e r i a l in to a h i g h e r p r o d u c t 

p r i c e r a n g e t h a n that a p p l i c a b l e to p l a i n b o a r d s . 

Hut the m a r k e t fo r p i n e p a n e l i n g , g l u e d , o r o t h e r w i s e , 

has been severely reduced in the las l severa l vears as 

p r e f i n i s h e d p l y w o o d has taken o v e r m o r e a n d m o r e of 

that m a r k e t . S o mos t l o d g e p o l e today goes i n to 2 " x 4 " 

S t u d d i n g m a t e r i a l , a n d many s m a l l , m a r g i n a l s tud m i l l s 

p r o d u c e it. T h e p r o b l e m s that l o d g e p o l e presents fo r 

l u m b e r m a n u f a c t u r e a r e s t i l l c o n s i d e r a b l e . A l t h o u g h 

l o d g e p o l e y i e l d s a h i g h p r o p o r t i o n o f # 2 . a n d # 3 

c o m m o n b o a r d s ' a n d a l t h o u g h its kno ts l e n d to be s m a l l 

a n d t i gh t , it neve r the less p r o d u c e s a l m o s t no c l e a r boa rds 

to h e l p b u i l d u p the a v e r a g e r e a l i z a t i o n p r i ce . F u r t h e r 

m o r e , l o g g i n g cos ts per un i t o f s a w m i l l ou tpu t a re sha rp 

ly h i g h e r f o r l o d g e p o l e p i n e t han for the c o n v e n t i o n a l l y 

l a rge r l ogs of o t he r spec ies . 

F o r m a n y y e a r s a v e r a g e p r i c e s f o r l o d g e p o l e have 

been be low those o f p o n d e r o s a p i n e . P a r t of th i s p r i c e 

d i f f e r e n c e ref lects s i z e a n d g r a d e d i f f e rences i n a v e r a g e 

r u n s o f l o g s , bu t s o m e o f the d i s c o u n t ref lects t r a d i t i o n a l 

b u y e r p r e f e r e n c e . T h u s , the p rospec ts f o r success o f the 

l o d g e p o l e s a w m i l l in c o m p e t i t i o n w i t h the m o r e c o n v e n 

t i o n a l o p e r a t i o n d e p e n d not only on t e c h n o l o g i c a l devel 

o p m e n t s but a l s o on c o n s u m e r accep tance . M a r k e t ac

c e p t a n c e h a s been p o o r , but it i s g a i n i n g . T h e o u t c o m e 

is u n c e r t a i n , but the recent i n d u s t r y e x p a n s i o n based on 

l o d g e p o l e p i n e p r o c e s s i n g h o l d s out p r o m i s e . 

Engelmann spruce: the bark beetle epidemic 

F a r m o r e d r a m a t i c t han l o d g e p o l e a m o n g recent sh i f t s 

in spec ies c u t . as s h o w n i n F i g u r e 2 2 . is the subs tan t i a l 

boos t i n s p r u c e ou tpu t . M u c h of th i s boos t is o f an 

emergency n a t u r e a n d w i l l not be s u s t a i n e d at the leve ls 

it r e a c h e d in 1956 . None the less the i n c r e a s e is o f in terest 

f o r the lessons it teaches. The p r o b l e m began when 

w i n d s t o r m s c a u s e d heavy b l o w d o w n s of s p r u c e s tands in 

the n o r t h w e s t e r n M o n t a n a a rea in 1949 -1950 . G r e a t n u m 

b e r s o f d e a d , fa l l en s p r u c e trees b e c a m e b r e e d i n g g r o u n d s 

f o r the s p r u c e b a r k beet le , a n d w i t h i n a few years l i ve 

s tands we re heav i lv i n fes ted . By 1951 . s p r u c e trees c o n 

t a i n i n g m o r e t han two b i l l i o n b o a r d feet of l i m b e r we re 

k i l l e d by the insec t ' s t u n n e l i n g h a b i t s . 

A s we p o i n t e d out in P a r t I. s p r u c e tends to g r o w i n 

h i g h , m o i s t , m o u n t a i n b a s i n s w h i c h a re large ly i nacces 

s i b l e . Bu t the remoteness o f the s tands spe l led t r o u b l e 

w h e n the e p i d e m i c h i t . because the only rea l l y e f fec t ive 

c o n t r o l m e a s u r e is r e m o v a l of the in fes ted t rees. T h u s , 

a c r a s h p r o g r a m of r o a d b u i l d i n g a n d s p r u c e r e m o v a l 

was l a u n c h e d . E m e r g e n c y sa les o f b u g - k i l l e d s p r u c e we re 

he ld by the F o r e s t S e r v i c e , a n d r o a d s we re bu i l t to per 

mi t l o g g i n g o f the s t a n d s . In a l l . twe l ve m i l l i o n d o l l a r s 

: " Forest Service ll ' . ' f l . 
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ot p u b l i c and p r i va te f unds were spent in the c o n s t r u c t i o n 

of access roads . 

L o g g i n g a n d h a u l i n g p r o b l e m s were by no means the 

on l ) obs tac les . E q u a l l ) i m p o r t a n t w a s the p r o b l e m o f 

m o v i n g the u n p r e c e d e n t e d v o l u m e s o f s p r u c e o n t o the 

marke t a n d i n t e g r a t i n g the f lood of s p r u c e i n to the 

o p e r a t i o n s o f s a w m i l l s in the a r e a . F o r t u n a t e l y , th i s 

movemen t of l a rge v o l u m e s just h a p p e n e d to c o i n c i d e 

w i th a ve r j ac t i ve l u m b e r m a r k e t . T h e i n d u s t r y . co

ope ra t i ve ! ) t h r o u g h the W e s t e r n P i n e A s s o c i a t i o n as 

we l l as t h r o u g h i n d i v i d u a l farms, c a r r i e d o n a n e x t e n s i v e 

a d v e r t i s i n g a n d p r o m o t i o n c a m p a i g n . W h i l e i n v e n t o r i e s 

of s p r u c e logs p i l ed u p r a the r heav i l y at m a n ) m i l l s , 

m a r k e t i n g e f fo r ts were success fu l in m o v i n g u n u s u a l l ) 

l a rge v o l u m e s of s p r u c e . 

T h e ef for ts of p u b l i c agenc ies a n d l u m b e r c o m p a n i e s 

to sa l vage the bee t le -k i l l ed s p r u c e a re ref lected in the 

j u m p to first p lace in l og p r o d u c t i o n i n wes te rn M o n 

tana of s p r u c e i i i 1956, whe re it c o m p r i s e d 3 8 pe rcen t 

of a l l l o g p r o d u c t i o n . M o r e than ha l f the cut c a m e f r o m 

dead trees it is e s t i m a t e d , and i n s o m e fo res ts , the p ro 

p o r t i o n o f d e a d s p r u c e to to ta l s p r u c e cut e x c e e d e d 8 0 

percent . 

P e r h a p s one of the m o r e i n t e r e s t i n g lessons to be 

l ea rned f r o m the w h o l e e x p e r i e n c e was the way a m a r 

ket was f o u n d for a p rev ious l y l i t t le -used s p e c i e s . S t u m p 

age p r i ces r e q u i r e d to m o v e in fes ted s p r u c e d u r i n g the 

ea r l ] part of the p r o g r a m we re q u i t e l o w . as w o u l d be 

e x p e c t e d — a t most a few d o l l a r s p e r t h o u s a n d . H o w e v e r , 

la ter sa les, even o f d e a d s p r u c e , we re m a d e at s u r p r i s 

ing! ) h i g h p r i ces o f S I 4 o r m o r e p e r t h o u s a n d b o a r d 

fec i , re f lec t ing the f i r m e r m a r k e t p o s i t i o n . W h i l e fu tu re 

v o l u m e s w i l l not r each the leve ls o f the 1 9 5 4 - 1 9 5 6 emer 

gency i g r o w i n g s tocks o f s p r u c e have n o w been mate

r i a l l j r educed i . s p r u c e is now m u c h m o r e f i r m l y es tab

l i s h e d in the m a r k e t , a n d its ou tpu t w i l l p r o b a b l v be 

m a i n t a i n e d at a s u b s t a n t i a l l y h i g h e r leve l of p r o d u c t i o n 

than d u r i n g the p r e - e p i d e m i c yea rs . B a s i c a l l y s p r u c e is 

a s o u n d spec ies a n d it m a y n o w h a v e a g o o d f u t u r e i n 

pi) w o o d . 

The s p r u c e e x p e r i e n c e i l l u s t r a t e s one a d d i t i o n a l l e s s o n : 

there is a n ever -p resent p o s s i b i l i t y that n a t u r a l ca tas t ro 

phes m a \ upset e s t a b l i s h e d o p e r a t i n g p r o g r a m s a n d pat 

terns in the l i m b e r i n d u s t r y . 

INVESTMENT AND EXPANSION 

B a s i c to the e x p a n s i o n in c a p a c i t y a n d to the s h i f t i n g 

pat te rn o f ou tpu t of recent y e a r s is the p r o c e s s o f c a p i t a l 

i n v e s t m e n t — t h a t is, the p u r c h a s e o f e q u i p m e n t , p l a n t , 

a n d f a c i l i t i e s , a n d the assemb ly of these t h i n g s i n to o p 

e r a t i n g un i ts . A c t u a l l y the f u l l t e m p o o f c a p i t a l invest 

ment ac t iv i ty is c o n s i d e r a b l y b r o a d e r t han is i n d i c a t e d by 

the n u m b e r o f newly c r e a t e d s a w m i l l s a n d w o o d - u s i n g 

p l a n t s c i t e d e a r l i e r . 

T h e c o n s t e l l a t i o n o f f i rms a n d t h e i r c a p i t a l f a c i l i t i e s is 

C o n t i n u a l l y c h a n g i n g . O w n e r s h i p c h a n g e s a n d c o n s o l i 

d a t i o n s have o c c u r r e d f o r l a r g e a n d s m a l l s a w m i l l s a l i k e 

in the past d e c a d e . O f g rea te r s i g n i f i c a n c e a re the c h a n g e s 

in p h y s i c a l c a p i t a l a n d f i n a n c i a l i nves tment r e q u i r e m e n t s . 

D a t a in th i s r e g a r d a re e x t r e m e l y s c a r c e , but the f o l l o w 

i n g d i s c u s s i o n w i l l s ke t ch the m a j o r pa t te rns . 

A n es t ima ted b o o k v a l u e o f c a p i t a l assets in the M o n 

tana t i m b e r i ndus t r y is $ 2 2 0 m i l l i o n . Rut every y e a r par t 

o f th i s c a p i t a l wears out o r b e c o m e s o b s o l e t e a n d mus t 

be r e p l a c e d s i m p l y to m a i n t a i n the i ndus t r y at a cons tan t 

s i ze . If the i ndus t r y is to expand as o v e r the past decade , 

then c a p i t a l e q u i p m e n t must be p u r c h a s e d at a n e v e n 

g r e a t e r ra te . A s s u m i n g a n a v e r a g e l i f e o f p l an t a n d e q u i p 

ment of ten y e a r s , then abou t $ 2 2 m i l l i o n is r e q u i r e d 

a n n u a l l ) f o r r e p l a c e m e n t a l o n e . D a t a f r o m the 1951 a n d 

1958 C e n s u s e s of M a n u f a c t u r e s i n d i c a t e that nnr c a p i t a l 

e x p e n d i t u r e s have r u n a b o u t ST m i l l i o n a n n u a l l y . T h u s , 

as a r o u g h es t ima te , abou t S 2 9 m i l l i o n a n n u a l l y w o u l d 

Mow in to c a p i t a l r e p l a c e m e n t a n d e x p a n s i o n . 

T h i s f i n a n c i a l e x p e n d i t u r e must c o m e out o f e a r n i n g s , 

new financial i nves tment f u n d s , o r b o r r o w i n g s . A s one 

m igh t suspect because o f the r i s k s a n d i ns tab i l i t y in the 

i n d u s t r y , s m a l l firms c a n r a r e l y a r r a n g e to b o r r o w f u n d s 

u n d e r c o n d i t i o n s m e e t i n g c o m m e r c i a l b a n k s t a n d a r d s . 

T o r the most pa r t , the o w n e r ' s r i sk c a p i t a l p r o v i d e s the 

f u n d s f o r s u c h s m a l l e r e n t e r p r i s e s , w i t h b o r r o w e d c a p i t a l 

t a k i n g the f o r m of h igh - in te res t e q u i p m e n t c r e d i t f r o m 

e q u i p m e n t s u p p l i e r - . In g e n e r a l , f i n a n c i a l c a p i t a l is h a r d 

to ge l a n d in terest rates a re h i g h . N o n e t h e l e s s , the re

s i l i ency of s m a l l firms u n d e r f a v o r a b l e m a r k e t c o n d i t i o n s 

s h o w s that the o w n e r s s o m e h o w m a n a g e to s c r a p e to

ge the r e n o u g h financial c a p i t a l to o p e r a t e w h e n the 

o p p o r t u n i t i e s fo r r e w a r d seem r i p e . C r e d i t , l a rge l y f r o m 

e q u i p m e n t s u p p l i e r s , may p r o l o n g the ex i s tence o f v i r 

tua l l y b a n k r u p t m i l l s in a n t i c i p a t i o n o f i m p r o v e d c o n d i 

t i ons . 

L a r g e r firms tend to h a v e m o r e c h a n n e l s o f access to 

f i n a n c i a l c a p i t a l a n d in p a r t i c u l a r to l o n g e r - t e r m f u n d s , 

w h i c h bet ter e q u i p s t h e m to a d j u s t to the c y c l i c a l pa t te rn 

of d e m a n d . T h e t w o la rges t s a w m i l l s in M o n t a n a a r e 

o w n e d r e s p e c t i v e l y , by S t . R e g i s P a p e r C o m p a n y a n d 

A n a c o n d a C o m p a n y , both of w h i c h o b v i o u s l y h a v e r e a d y 

access to equ i ty money in the s lock m a r k e t s a n d to c o m 

m e r c i a l l o a n f u n d s in the m a j o r m o n e y m a r k e t s . C o n n e c 

t i o n s of t h i s so r t e n a b l e the l a r g e r f i rms to secu re f u n d s 

at a r e l a t i v e l y low a v e r a g e ra l e . 

W e h a v e a t t e m p t e d i n F i g u r e 2 3 to c o n s t r u c t a f low o f 

f u n d s d i a g r a m c o r r e s p o n d i n g to o u r i n p u t - o u t p u t d i a g r a m 

fo r the d i s t r i c t ' s t i m b e r i n d u s t r y . T h i s r e p r e s e n t a t i o n is 

o n l y a p p r o x i m a t e but i t does i n d i c a t e that a re la t i ve l y 
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F i g u r e 2 3 — D i a g r a m o f a n n u a l f l o w o f f u n d s f o r t h e t i m b e r i n d u s t r y o f M o n t a n a , i n m i l l i o n s o f 

d o l l a r s 

labor 

land rent — 
and taxes 

equipment 
and supplies 

for equipment $5 . 

-for purchase of stumpage $9 Jloggli 

for labor $ 4 - * ^ ^ 

for capital e q u i p m e n t ^ 

for purchase of logs 520 sawmills and 
planing mills 

for sale of debt (?) 
growing 

for supplies (?) , for labor $22 

profits, taxes and net additions to earnings (?) for supplies (?)' 

profits, taxes and net odditions to earnings (?) f 
I for sale of lumber 
and mill products $70 

for sale of "debt" (?) 

I n g e s h a r e o f i n f l o w i n g f u n d s g o e s out f o r r e p a i r a n d 

e n h a n c e m e n t o f the c a p i t a l p l a n t . T h e new c a p i t a l ex

p e n d i t u r e s at a b o u t 8 7 m i l l i o n a n n u a l l y a re e n o u g h to 

cons t ruc t five to ten s u b s t a n t i a l - s i z e new s a w m i l l s . O f 

c o u r s e , new m i l l s have been a d d e d each y e a r as pa r t o f the 

g e n e r a l e x p a n s i o n , but m u c h o f the new c a p i t a l e x p e n d i 

tu re i s m a d e at e x i s t i n g m i l l s , i n the f o r m o f i m p r o v e d 

e q u i p m e n t o r m o d e r n i z e d p l a n t l a y o u t . 

M i l l s in eve ry s i ze c a t e g o r y h a v e j o i n e d the s c r a m b l e 

to p r o m o t e e f f i c i ency : m a n a g e r s o f s m a l l m i l l s r e c o g n i z e , 

as dt) those of the l a r g e , that s u r v i v a l of the firm i tse l f 

d e p e n d s on it - ab i l i t y I" m a k e i m p r o v e m e n t s , an i l l h r \ 

g i ve v i s i b l e e v i d e n c e o f t h e i r e f fo r ts to m e c h a n i z e . M a t e 

r i a l s h a n d l i n g e q u i p m e n t f o r y a r d i n g a n d s t o c k i n g , g a n g 

saws , a n d o ther i m p r o v e d a u x i l i a r y s a w i n g e q u i p m e n t are 

some of the t h i n g s that even the s m a l l e s t m i l l s have 

a d d e d . P e r h a p s as m u c h as five m i l l i o n d o l l a r s i n de

b a r k i n g a n d c h i p p i n g m a c h i n e r y h a s been a d d e d to 

wes te rn M o n t a n a s a w m i l l s a l o n e s i n c e 1 9 5 6 . 

E f f o r t s to fos te r t e c h n o l o g i c a l i m p r o v e m e n t s a r e g r o s s l y 

v i s i b l e to a n y o n e w h o v i s i t s l o g g i n g o p e r a t i o n s i n the 

r e g i o n : A d d i t i o n s o f n e w , m o r e r u g g e d e q u i p m e n t f o r 

b u i l d i n g a n d m a i n t a i n i n g r o a d s i n d i f f i cu l t t e r r a i n a n d 

i m p r o v e d l o g s k i d d i n g a n d l o a d i n g e q u i p m e n t i n the 

w o o d s c a n be o b s e r v e d . 

O n e o f the f r u i t s of new inves tmen t i s i m p r o v e d tech-

F i g u r e 2 4 — A v e r a g e l u m b e r p r o d u c t i o n p e r 

e m p l o y e e a t M o n t a n a s a w m i l l s a n d p l a n i n g 

m i l l s , 1 9 5 2 - 1 9 6 2 

thousand board feet per employee 
220 

.llllllllll 
1952 "53 '54 "55 '56 '57 "58 '59 "60 '61 '62 
Source: Annual average employment at sawmills and planing mills 
—Montana Unemployment Compensation Commission; annual 
lumber production of softwoods—Western Pine Association. 

O o l o g y — i m p r o v e m e n t s bo th in me thods a n d m a c h i n e r y . 

F i g u r e 24 , s h o w i n g es t ima tes of ave rage l u m b e r p r o d u c 

t i o n p e r e m p l o y e e at M o n t a n a s a w m i l l s , d o c u m e n t s a n 

i m p r o v e m e n t in net l a b o r p r o d u c t i v i t y d u r i n g a decade 

in w h i c h many ven tu res were m a d e in to m o r e d i f f i cu l t 

p r o c e s s i n g s i t u a t i o n s . 

A s s e s s m e n t o f the q u a l i t y o f the c a p i t a l e x p e n d i t u r e s 

p r o g r a m is d i f f i cu l t . N o t a l l c a p i t a l s p e n d i n g is of e q u a l 

l o n g e r - t e r m s i g n i f i c a n c e . S o m e o f the s p e n d i n g , i n c l u d i n g 

the s p e n d i n g f o r r e o r g a n i z a t i o n o f m e t h o d s a n d ac t i v i t i es , 

may have ef fects on a firm's e v e n t u a l o v e r - a l l p r o d u c t i v i t y 

w h i c h a re g rea t but o n l y g r a d u a l l y d i s c e r n i b l e . Q u a n t i t a 

t i ve m e a s u r e o f the c u r r e n t d o l l a r v o l u m e o f s u c h s p e n d 

i n g n a t u r a l l y f a i l s to g a u g e i ts t r u e w o r t h . 

RESEARCH AND DEVELOPMENT 

R e s e a r c h a n d d e v e l o p m e n t e x p e n d i t u r e s a re p a r t i c u 

l a r l y i m p o r t a n t aspec t s of c a p i t a l s p e n d i n g because of 

t h e i r p o t e n t i a l i m p a c t on p r o d u c t i v i t y a n d p r o f i t a b i l i t y 

o f o p e r a t i o n s . M o s t firms in the d is t r i c t a re too s m a l l to 

c o n d u c t f o r m a l resea rch a n d d e v e l o p m e n t p r o g r a m s of 

t h e i r o w n . H o w e v e r , they d o i n a sense p a y f o r s u c h 

p r o g r a m s t h r o u g h t h e i r p u r c h a s e o f e q u i p m e n t , s ince 

e q u i p m e n t m a n u f a c t u r e r s m u s t c o v e r t h r o u g h sa les p r i c e 

the c o n s i d e r a b l e cos ts o f e q u i p m e n t resea rch a n d de

v e l o p m e n t they c o n d u c t to i m p r o v e the i r p r o d u c t s a n d 

a d a p t p r o m i s i n g i n n o v a t i o n s o f t h e i r c o m p e t i t o r s . F i r m s 

p a y a l s o t h r o u g h a s s o c i a t i o n d u e s ; the W e s t e r n P i n e 

A s s o c i a t i o n , f o r e x a m p l e , s u p p o r t s a resea rch l a b o r a t o r y 

w i t h a c u r r e n t budge t o f a b o u t $ 1 2 0 , 0 0 0 p e r yea r . C o m 

p a n i e s a n d t h e i r a s s o c i a t i o n s a l s o c o n t r a c t ou t r e s e a r c h 

to c o l l e g e s a n d o ther i ns t i t u t i ons . 

T h e f e d e r a l g o v e r n m e n t m a i n t a i n s a resea rch a n d de

v e l o p m e n t p r o g r a m in many phases o f t i m b e r i ndus t r y 

o p e r a t i o n s . O n e s u c h e x p e n d i t u r e o f p a r t i c u l a r in terest 

to th i s r e g i o n i s the recent a u t h o r i z a t i o n of a $ 1 7 5 , 0 0 0 

F o r e s t S e r v i c e resea rch l a b o r a t o r y at B o z e m a n , M o n t a n a , 

to s tudy m e t h o d s o f h a n d l i n g a n d p r o c e s s i n g s m a l l - d i 

a m e t e r l o g s . T h r o u g h g o v e r n m e n t e x p e n d i t u r e s s u c h as 

t h i s the t i m b e r i n d u s t r y rece i ves a n e x t r a i n f u s i o n of 
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d e v e l o p m e n t a l c a p i t a l f u n d s . T h e i m p o r t a n c e of the 

c a p i t a l e x p e n d i t u r e p r o g r a m to the f u t u re l e v e l o f i n d u s 

try o p e r a t i o n s in the r e g i o n c a n h a r d l y be o v e r e s t i m a t e d . 

E v i d e n c e i s c l e a r that the r e g i o n ' s i n d u s t r y h a s re

s p o n d e d s i gn i f i can t l y to the p ressu res f o r i nves tmen t a n d 

e x p a n s i o n d u r i n g the p o s t w a r decades . S h i f t i n g i n to new 

spec ies a n d new types o f o p e r a t i o n s , m e e t i n g the c h a l 

lenge of des t ruc t i ve forest e p i d e m i c s , e x p a n d i n g p r i v a t e 

inves tment in c a p i t a l e q u i p m e n t to s tep u p ou tpu t a n d 

g e n e r a l e f f i c iency , a n d o p e n i n g new a v e n u e s to m o r e 

c o m p l e t e u t i l i z a t i o n of the forest r e s o u r c e — t h e s e a re 

s o m e o f the d i m e n s i o n s of c h a n g e . 

S p e c i f i c d e v e l o p m e n t s , s u c h as those we h a v e c i t e d , 

have c o n t r i b u t e d to the l o n g - t e r m g e n e r a l u p t r e n d in d i s 

t r i c t t i m b e r o u t p u t , d o c u m e n t e d in F i g u r e 2 1 . T h e s e de

v e l o p m e n t s , w h i l e o f ten f o r c e d by c o n d i t i o n s b e y o n d the 

c o n t r o l o f the p r i v a t e d e c i s i o n m a k e r s , a r e essen t i a l l y 

ef fected t h r o u g h the m e d i u m o f the p r o f i t - m o t i v a t e d p r i 

va te d e c i s i o n p r o c e s s , t e m p e r e d , o f c o u r s e , by the effect 

o f the F o r e s t S e r v i c e p o l i c i e s . I n t h i s m a n n e r a l l o c a t i o n 

d e c i s i o n s a b o u t the d i s t r i c t ' s fores t r e s o u r c e s h a v e been 

m a d e . A n d , by recen t c r i t e r i a , these d e c i s i o n s h a v e l ed 

to the e x p a n d e d o u t p u t of t h i s r e g i o n ' s t i m b e r , bo th by 

ex tens i ve a n d i n t e n s i v e u t i l i z a t i o n . O u r r e v i e w o f these 

c h a n g e s h a s s h o w n us whe re the i n d u s t r y h a s been a n d in 

w h a t d i r e c t i o n it m a y be h e a d e d . A c l o s e r l o o k at the 

p rospec t s f o r the d i s t r i c t ' s t i m b e r i n d u s t r y w i l l o c c u p y 

us in the nex t par t o f th is r e p o r t . 

T A B L E 1 5 - S E L E C T E D C A P I T A L E X P A N S I O N P R O G R A M S D U R I N G T H E Y E A R S 1 9 5 6 - 1 9 6 2 

NAME AND LOCATION 

Durable Wood Products 
Trout Creek, Montana 

St. Regis Paper Company 
Libby. Montana 

St. Regis Paper Company 
Libby, Montana 

Montana Forest Products Company 
Philipsburg, Montana 

Dupuis Bros. Lumber 
Poison, Montana 

Plum Creek Lumber Company 
Pablo, Montana 

Cascade Division of U.S. Plywood Corporation 
Poison. Montana 

Waldorf-Hoerner Paper Products 
Missoula, Montana 

Van Evan Plywood 
Missoula, Montana 

Timberweld Manufacturing Company 
Columbus, Montana 

Douglas Studs, Incorporated and Vollstedt 
Kerr Lumber Company 

White Sulphur Springs. Montana 
Double AA Lumber Company 

Livingston, Montana 

Canyon View Lumber Company 
Livingston, Montana 

Rushmore Lumber Co. 
Rapid City, South Dakota 

Anaconda Forest Products, Bonner Mi l l 
Anaconda, Montana 

Montana Plywood 
Whitefish, Montana 

Northern Timber Company 
Deer Lodge, Montana 

Burkland Studs, Incorporated 
Livingston, Montana 

Donna Timber. Incorporated 
West Yellowstone, Montana 

St. Regis trade name for arabinogalactan, a gum 
Subsequently burned down, not replaced. 

NATURE OF EXPANSION DATE 

New mill June 1961 

Plywood plant Spring 1962 

Pilot plant for Stracran 0 1962 

Sawmill and boiler plant October 1961 

New sawmill 1960 

Sawmill. Box plant 1959 I?) 

Plywood and other expansion 1961 

Pulp and paper mill 1960-1961 

Plywood and various additions 1960-1962 

Timber laminating 1957 

2 " x 4" stud mill 1958 

Sawmill, dimension 1959 

Sawmill 1959 

Lumber mill 1956"" 

Sawmill, planing mill, large 1962-1963 
overhaul and expansion 

Veneer plant 1961 

Stud mill 1962 

Stud mill 1957 

Stud mill 1961 

extracted from butt logs of western larch. 

ESTIMATED COST 

$ 650,000 

4,500,000 

300,000 

1,500,000 

750,000 

1,500,000 

750.000 

12,000,000 

2,500.000 I 

200.000 

600,000 

4,500,000 
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IV 
FUTURE PROSPECTS FOR 

T H E REGION'S TIMBER INDUSTRY 

G e n e r a l m a r k e t p r o s p e c t s f o r fores t p r o d u c t s h a v e been 

t rea ted in a n u m b e r of e x t e n s i v e s t u d i e s ' " w i t h i n the 

f r a m e w o r k of an e x p a n d i n g a n d p r o g r e s s i n g n a t i o n a l 

e c o n o m y . G i v e n the i h i n g s we have l e a r n e d a b o u t ou r 

r e g i o n a l t i m b e r s i l t u a t i o n , we c a n s i m p l y see what these 

f i n d i n g s suggest a b o u t o u r a r e a . 

T h e s e s tud ies fo resee expansion in t i m b e r p r o d u c t i o n 

g e n e r a l l y as w e l l as in most s p e c i f i c t i m b e r p r o d u c t s . 

P r e s u m a b l y a n e c o n o m y w i t h a r a p i d l v g r o w i n g p o p u l a 

t i o n , w i t h a n even m o r e r a p i d l y g r o w i n g a p p e t i t e f o r raw 

m a t e r i a l s , a n d w i t h a su i tab ly i m p r o v i n g leve l of tech

n o l o g y , w o u l d d e m a n d i n c r e a s i n g q u a n t i t i e s of w o o d 

f r o m its forest indust ry sec to r . T h i s , of c o u r s e , assumes 

tha i the eos l of o b t a i n i n g the e x p a n d e d q u a n t i t i e s is not 

p r o h i b i t i v e . A l l o f the s tud ies have a t t emp ted to take 

s o m e accoun t o f the i m p a c t of p o s s i b l e p r i c e c h a n g e s on 

d e m a n d Let us l o o k at t he i r p r o j e c t i o n s of d e m a n d . 

PROJECTED NATIONAL DEMAND AND 
ASSOCIATED PRICE EFFECTS 

P r o j e c t i o n s f r o m three s tud ies of l u m b e r p r o s p e c t s a re 

s u m m a r i z e d in F i g u r e 2 5 . L u m b e r p r o d u c t i o n is no t , o f 

cou rse , the only out let o r p o t e n t i a l ou t le t f o r o u r r e g i o n ' s 

t i m b e r , but it is p a r t i c u l a r l y s i g n i f i c a n t in any a p p r a i s a l 

o f the f u t u re f o r o u r r e g i o n , s i n c e it r ep resen t s the d o m 

inant c o n s u m p t i o n use o f the wes te rn s o f t w o o d s g r o w n 

Figure 2 5 — Project ions of Un i ted States l u m -
b

m % i ^ S r ^ t i 0 n , 0 1 9 7 5 

60 
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umptior 
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h e r e . C u r r e n t l y n e a r l y 9 0 percen t o f the c u b i c v o l u m e of 

t i m b e r cu t in the r e g i o n goes i n to l u m b e r , a b o u t 8 per 

cent in to o ther w h o l e w o o d uses l po les , posts, m ine l i m 

bers , e tc . I a n d a b o u t 1 percent into p u l p w o o d . P r o d u c 

t i on of veneer logs a n d bo l t s is s t i l l re la t i ve ly m i n o r in 

o u r r e g i o n , but it h a s e x p a n d e d in recent yea rs . 

T h e p r o j e c t i o n s m a d e in these s tud ies are c o n d i t i o n a l 

s ta tements , ra the r t han p r e d i c t i o n s , f o r they a re based o n 

s e v e r a l m a j o r a s s u m p t i o n s abou t the state o f the e c o n o m y , 

i ts p r o d u c t i v i t y a n d l eve l o f ac t i v i t y . ' ' ' M o s t o f the s tud ies 

a s s u m e t h a t : I 1 I the a d d e d v o l u m e of m a t e r i a l s c a l l e d 

f o r may be f o r t h c o m i n g on ly at h i g h e r r e a l p r i c e s , a n d 

l 2 l tha i l l i i - h i g h e r p r i ces , in t u r n , w i l l s t i m u l a t e the 

s u b s t i t u t i o n o f o t he r m a t e r i a l s f o r w o o d a n d the redes ign 

i n g o f w o o d - u s i n g p r o d u c t s to get by w i t h less w o o d . 

T h e s e c o n d i t i o n s w o u l d l a rge l y ex tend l ong - t e rm t rends 

o f the past . 

A l l of these p r o j e c t i o n s c a l l f o r a n e x p a n s i o n in U n i t e d 

States lumber c o n s u m p t i o n by 1975 of seve ra l b i l l i o n 

b o a r d feet above the m id -cen tu ry level of a b o u t 41 b i l l i o n 

feet. I n t e r e s t i n g l y , h o w e v e r , the a c t u a l a m o u n t of l u m b e r 

c o n s u m e d a n n u a l l y s i n c e these base da ta were p r o j e c t e d , 

suggests if a n y t h i n g a d o w n w a r d d r i f t , w i th s h a r p fluc-

t u a t i o n s s u p e r i m p o s e d f r o m y e a r to y e a r . 

By a n d l a r g e , the s tud ies c l a i m that U n i t e d States l u m 

ber p r o d u c t i o n c a n e x p a n d only by d r a w i n g o n m o r e of 

the h i g h e r cos t s o u r c e s a n d w i t h a c c o m p a n y i n g h i g h e r 

p r i c e s a n d s o m e s u b s t i t u t i o n o f c o m p e t i n g m a t e r i a l s . 

In i ts w o r k , the S t a n f o r d R e s e a r c h Inst i tu te spec i f i c 

a l l y a s s u m e d that l u m b e r p r i c e s w o u l d c o n t i n u e to 

r ise m o r e r a p i d l y t han the p r i c e s of c o m p e t i n g m a 

te r i a l s , f l u ' Fo res t S e r v i c e a l l o w e d for two p o s s i b i l i 

t i e s : that r e a l p r i c e o f l u m b e r w o u l d a d v a n c e abou t 

o n e - t h i r d , a n a s s u m p t i o n w h i c h y i e l d e d the l o w e r 

•r-'See for example Davis 1281. Guthrie and Armstrong 3 2 , Stan
ford Research Institute I.'*« I. Forest Service [391. 

" A s a rule, later studies have tended to revise upward the ex
pectations for level of economic activity, that is, real Gross Na
tional Product. Stanford Research Institute assumed a 1975 
level of C N P of $586 bil l ion and a population of 212 mi l l ion: the 
Forest Service used a G N P figure of $630 bil l ion and a popula
tion level of 215 mi l l ion. Guthrie and Armstrong, in presenting 
their revisions of the earlier estimates, have assumed a G N P of 
$770 bil l ion and a population of 224 mil l ion. Projections of 
United States lumlier consumption were made as follows for 
1975: Stanford Research Institute. '14.6 bi l l ion board feet; Forest 
Service lower level estimate. 47.6 bil l ion board feel. Forest 
Service medium level estimate. 55.5 bi l l ion board feet: Guthrie 
and Armstrong. 46 bi l l ion board feet. Forest Service figures in
clude hoard foot equivalent of net imports. 
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level projections ar id that rea l p r i ces w o u l d r e m a i n 

about th«' same, a n a s s u m p t i o n w h i c h gave r i se to 

the m e d i u m l eve l p r o j e c t i o n s . T h e R o y a l C o m m i s s i o n on 

C a n a d i a n E c o n o m i c P o l i c y , c o n s i d e r i n g the o u t l o o k f o r 

both C a n a d i a n a n d Un i t ed States p r o d u c t i o n a n d use i n 

v iew of the a b o v e s t u d y , p r o j e c t e d a p r o b a b l e l u m b e r 

p r i c e inc rease of abou t 20 to 25 pe rcen t . T a k i n g these 

p r o j e c t i o n s as rep resen ta t i ve o f s t u d i e d o p i n i o n a b o u t 

the p rospec ts fo r general c o n s u m p t i o n a n d p r i c e l eve l s , 

what is i m p l i e d f o r o u r region'. ' ' In g e n e r a l , the a n s w e r 

is c o n t i n u e d e x p a n s i o n in t i m b e r ou tpu t . A n d . f o r r easons 

we have d i s c u s s e d e a r l i e r , the ra te o f r e g i o n a l p r o d u c t i o n 

g r o w t h s h o u l d exceed that f o r the U n i t e d S ta tes a s a 

w h o l e . 

M o s t s tud ies ag ree that the la rges t s h a r e of any p r o 

jec ted inc rease in l u m b e r p r o d u c t i o n i n the U n i t e d States 

must be s u p p l i e d b y wes te rn s o f t w o o d s . W e s t e r n sof t 

w o o d - cu r ren t l y accoun t fo r t w o - t h i r d s of the na t i on ' s 

l u m b e r s u p p l y , a n d it is felt that the forests of the West 

must be re l i ed u p o n to s u p p l y e s s e n t i a l l y the f u l l a m o u n t 

of the p ro jec ted e x p a n s i o n to 1 9 7 5 . T h e R o c k y M o u n t a i n 

states in g e n e r a l a n d o u r r e g i o n in p a r t i c u l a r h a v e sub 

s tan t ia l m a r g i n a l forest l a n d s in to w h i c h i ndus t r y p ro 

gress ive ly must ex tend i tse l f in r esponse to g r o w i n g n a 

t i ona l d e m a n d s a n d to even tua l d e p l e t i o n of the a c c e s s i b l e 

a n d d e s i r a b l e o l d g r o w t h s tands loca ted p r i n c i p a l l y in 

the P a c i f i c N o r t h w e s t . I m p r o v e d techno logy a n d m a c h i n 

e r y , too. h e l p push at th is m a r g i n f r o m the o the r s i de , 

to m a k e f o rme r l y b y p a s s e d s tands c o m m e r c i a l l y f e a s i b l e . 

A d d i t i o n a l l y , the re la t i ve ly s m a l l a n d sca t te red m a r k e t 

f o r l u m b e r in the M o u n t a i n states is e x p e c t e d to g r o w 

fa i r l y r a p i d l y d u r i n g the y e a r s a h e a d . 

T h e s e t rends s u p p o r t the c o n c l u s i o n that p r o s p e c t s f o r 

c o n t i n u e d e x p a n s i o n of the t i m b e r i n d u s t r y i n o u r d i s 

tr ict a re g o o d . 

HOW MUCH EXPANSION POTENTIAL? 
A n y a t tempt to p ro jec t r e g i o n a l o u t p u t quan t i t a t i ve l y 

i s h a z a r d o u s at best. W e c a n d e r i v e a ve ry c r u d e i n d i c a 

t i o n of the p o s s i b l e m a g n i t u d e of a t tendan t e x p a n s i o n by 

a p p l y i n g a p r o j e c t e d p r i c e i nc rease to the s c h e d u l e de

v e l o p e d in P a r t II. T h i s is done in the f o l l o w i n g d i a 

g r a m . F o r o u r p u r p o s e s we m i g h t a s s u m e , as a r e a s o n a b l e 

o u t l o o k , that the r e a l p r i c e of l u m b e r w i l l r i se a b o u t 2 0 

percent f r o m cu r ren t leve ls to 1975. If o ther c i r c u m 

stances r e m a i n u n c h a n g e d , s u c h a n i nc rease w o u l d ex

p a n d the e c o n o m i c r a n g e o f p r o f i t a b l e t i m b e r o p e r a t i o n s 

in the d i s t r i c t . A c o r r e s p o n d i n g o u t p u t i nc rease o f r o u g h 

ly a tenth o r m o r e i s i n d i c a t e d to be p h y s i c a l l y f e a s i b l e , 

but it pushes o u t p u t f a i r l y c l o s e to the s u s t a i n a b l e l e v e l s 

of s a w l o g p r o d u c t i o n . 

H o w e v e i gene ra l this p r o j e c t i o n , it s h o u l d serve to 

e m p h a s i z e that seve ra l o f the b a s i c f a c t o r s that have 

s t i m u l a t e d e x p a n s i o n in o u r r e g i o n in the p o s t w a r p e r i o d 

a re l i k e l y to c o n t i n u e in f o r c e o v e r the next decade o r 

l o n g e r . ' 1 T h e m a g n i t u d e of e x p a n s i o n is not l i m i t e d , not 

real price of lumber (index) 

300 

200 

100 

"20% rise" 

range of real price f ; £ - ; A> 
in recent years i o i 

... i U 

I I 
.esrimateo' 
sustainable 
annual 
production 
levels 

0 200 400 600 800 1000 1200 1400 
annual district lumber production (million board feet) 

by p h y s i c a l f ac to rs , s ince the p h y s i c a l p o t e n t i a l i s g rea t , 

n o r by F o r e s t S e r v i c e m a n a g e m e n t po l i cy because of the 

d i v i d e d pa t t e rn of o w n e r s h i p . T h e m a g n i t u d e of e x p a n 

s i o n w i l l be l i m i t e d p r i n c i p a l l y by the extent to w h i c h 

p r o f i t a b l e o p p o r t u n i t i e s ex is t , a n d in these o p p o r t u n i t i e s 

p r o d u c t p r i c e is one key f ac to r . 

PRODUCT AND AREA OUTLOOK: 
A MORE COMPLICATED PICTURE 

A s we have a l ready a m p l y s t ressed , to speak o f a 

s i n g l e g e n e r a l d e m a n d f o r t i m b e r v e r y m u c h o v e r s i m p l i 

f ies the case . In p r a c t i c e , we have a g rea t v a r i e t y o f g r a d e s 

of r a w m a t e r i a l s a n d a var ie ty o f p r o d u c t s , each of w h i c h 

has a s o m e w h a t d i f f e ren t m a r k e t o u t l o o k . S o m e o f the 

fo res t m a t e r i a l s a v a i l a b l e i n the d i s t r i c t have s p e c i a l 

p r o b l e m s assoc ia ted w i t h t h e m , a n d c o n d i t i o n s v a r y f r o m 

a rea to a r e a w i t h i n the d i s t r i c t . Es t imate 's of s u s t a i n a b l e 

p r o d u c t i o n p r e p a r e d in the F o r e s t S e r v i c e s tudy c i ted 

e a r l i e r p r o v i d e a m o r e r e a l i s t i c i n s i g h t i n to e x p a n s i o n 

p r o s p e c t s . T h e es t ima tes a re s u m m a r i z e d in T a b l e 16. I t 

s h o u l d be e m p h a s i z e d that the p a r t i c u l a r p r o d u c t b reak 

d o w n s h o w n is not a p r e d i c t i o n o f w h a t i s l i k e l y to h a p 

p e n . B u t it does ref lect a d i v i s i o n o f l o g s a m o n g a v a r i e d 

g r o u p i n g of i n d u s t r i e s tha t a p p e a r e d to F o r e s t S e r v i c e 

a n a l y s t s to o f fer b a l a n c e d u t i l i z a t i o n of m a t e r i a l a n d to 

c o r r e s p o n d to a d e s i r a b l e m a n a g e m e n t p r o g r a m if a p 

p l i e d to a l l fo res ts . 

T h e d a t a s h o w n i n T a b l e 16 i l l u s t r a t e seve ra l w o r t h 

w h i l e p o i n t s . In g e n e r a l , we c a n note that mos t of the 

p h y s i c a l e x p a n s i o n p o t e n t i a l l i es i n s m a l l e r s ize a n d 

"Guthr ie and Armstrong [S3] offer a somewhat different premise: 
the amount of timber cut from a slate or region wil l lend, over 
the long run, to move toward an equi l ibr ium level such that each 
state or region is producing lumber approximately in proportion 
to its standing volume of sawtimber. On this basis projected 
1975 output from western forests is parceled among the states 
such that Montana ends up with 4.1 percent- actually a some
what lower percentage than the state is currently cutting. 
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lesser q u a l i t y p r o d u c t s . E x p a n s i o n f a c t o r s a re v e r y l a r g e 

f o r p o l e t i m b e r p r o d u c t s i n a l l a reas a n d ve ry s m a l l f o r 

s a w t i m b e r p r o d u c t s . 

T A B L E 16 E S T I M A T E D S U S T A I N A B L E A N N U A L P R O 
D U C T I O N U N D E R A F O R E S T S E R V I C E R E C 
O M M E N D E D M A N A G E M E N T P R O G R A M 
C O M P A R E D W I T H A C T U A L 1 9 5 7 P R O D U C 
T I O N F O R V A R I O U S P R O D U C T S , B Y A R E A 

T a b l e 1 6 a — W e s t e r n M o n t a n a 

ESTIMATED EXPANSION PERMISSIBLE TO 
1957 ESTIMATED SUSTAINABLE 

PRODUCT PRODUCTION PRODUCTION LEVELS 
Lumber and 

dimension 812MM bd ft — 6 2 M M bd ft 
Veneer 8 M M bd ft 72MM bd ft 
Large poles 

130' & longer l I 0 M M bd ft 15MM bd ft 

Subtotal 830MM bd. ft. 25 M M bd. ft. 

Small poles 
Hess than 30' 93M pieces 407M pieces 

Pulpwood AM cords I.230M cords 
Fiberboard 0 20OM cords 
Fence posts 270M pieces 3.330M pieces 
Chemical wood 0 88M cords 
Fuelwood 9AM cords 6 M cords 

Subtotal 8.264.5M cu. ft. 114.975.5M cu. ft. 
(cu. tt. 
equivalent! 

T a b l e 1 6 b - E a s t e r n M o n t a n a 

ESTIMATED EXPANSION PERMISSIBLE TC 
1957 ESTIMATED SUSTAINABLE 

PRODUCT PRODUCTION PRODUCTION LEVELS 
Lumber and 

dimension I30MM bd ft 185MM bd ft 
Veneer 0 4 8 M M bd ft 
Large poles 

130' & longer) 3 M M bd ft 17MM bd ft 

Subtotal 133MM bd. ft. 250MM bd. ft. 

Small poles 
(less than 30'1 91M pieces 309M pieces 

Pulpwood 23M cords 961M cords 
Fiberboard 0 I60M cords 
Fence posts A6AM pieces 2.836M pieces 
Chemical wood 0 92M ccrds 
Fuelwood 86M cords 0 

Subtotal 9.252M cu. ft. 91.363M cu. ft. 
(cu. tt. 
equivalent! 

T a b l e 16c - B l a c k H i l l s 

ESTIMATED EXPANSION PERMISSIBLE T< 
1957 ESTIMATED SUSTAINABLE 

PRODUCT PRODUCTION PRODUCTION LEVELS 
Sawtimber 

products 50MM bd ft 35MM bd ft 
Poletimber 

products I2M cords I08M cords 

Source Forest Service [20]. correspondence 

Western Montana 

In western M o n t a n a , in fac t , the s a w t i m b e r po ten t i a l 

on b a l a n c e is l a r g e l y used u p . S o m e l o c a l i t i e s , as p o i n t e d 

out e a r l i e r , h a v e m o r e h e a d r i g c a p a c i t y t han t i m b e r 

p r o d u c t i o n p o t e n t i a l . H e n c e , i n the Fo res t S e r v i c e ' s 

v i e w , b a s e d on the i n f o r m a t i o n a v a i l a b l e , s o m e r e d u c t i o n 

in s a w m i l l c a p a c i t y i s c a l l e d f o r in wes te rn M o n t a n a . 

I n d e e d , the i n d u s t r y in g e n e r a l l o o k s f o r n o great e x p a n 

s i o n p o s s i b i l i t i e s in l u m b e r i n g in that a r e a . 

T a b l e 16 i n d i c a t e s that a c o n s i d e r a b l e j u m p in s a w l o g 

ou tpu t w o u l d be a l l o t t e d to venee r p r o d u c t i o n . T h e r e is 

n o d o u b t bv n o w that veneer p r o d u c t i o n , a t tuned to the 

r a p i d l y e x p a n d i n g p l y w o o d m a r k e t , o f fe rs the best p ros 

pects f o r g r o w t h i n the w o o d - u s i n g i n d u s t r y o f western 

M o n t a n a . In fac t , the a r e a ' s i n d u s t r y has a l r e a d y set its 

s i gh t s w e l l b e y o n d the veneer l o g c o n s u m p t i o n leve l sug

gested i n T a b l e 16. T h e V a n E v a n p l y w o o d p lan t a l o n e 

I w i t h two 8- foot la thes a n d one 4- foot la the at M i s s o u l a ) 

c o u l d p r o d u c e a n es t ima ted 15 m i l l i o n s q u a r e feet of 

•%- inch p l y w o o d p e r m o n t h . P r o d u c t i o n at th i s l eve l 

w o u l d r e q u i r e r o u g h l y 78 m i l l i o n b o a r d feet of l o g s per 

yea r . 

T h e p r o b l e m o f d i v i d i n g the a v a i l a b l e l a r g e r m a t e r i a l 

I s a w t i m b e r - s i z e l o g s ) in wes te rn M o n t a n a between v a r i 

ous p o s s i b l e uses w i l l h a v e to be w o r k e d out by the t i m b e r 

p r o c e s s o r s i n r esponse to m a r k e t c r i t e r i a . T h e r e does not 

a p p e a r to be a n y a p p r e c i a b l e excess of l a r g e l o g s , so that 

c o m p e t i t i o n w i l l p r o b a b l y f o r c e c o n s i d e r a b l e read jus t 

men t in the i n d u s t r y ' s o p e r a t i o n s . 

M o s t wes te rn M o n t a n a p l y w o o d p r o d u c e r s w i l l p r e f e r 

to take l a r g e l o g s but not the best g r a d e l o g s , s ince the 

s h e a t h i n g p l y w o o d p r o d u c e d at these p l a n t s does not 

r e q u i r e c l e a r l o g s . M o s t w o u l d p r e f e r to s e l l c l ea r - t ype 

butt l o g s to s a w m i l l s a n d use the l a r g e (even c o a r s e ) 

c o m m o n l o g s at l o w e r p r i ces i n t h e i r p l y w o o d p l an t s . 

E v e n t u a l l y o n l y s m a l l c o m m o n a n d l a r g e c l e a r l o g s m a y 

go i n to l u m b e r . 

M a r k e t a d j u s t m e n t s in spec ies m a y be i n the of f ing, 

too . I nc reased d e m a n d f o r D o u g l a s - f i r a n d e s p e c i a l l y f o r 

l a r c h to meet e x p a n d i n g p l y w o o d a n d d i m e n s i o n requ i re 

ments m a y e v e n t u a l l y boos t p r i c e s of these spec ies above 

those o f the p i n e s , r e v e r s i n g the t r a d i t i o n a l p re fe rences . 

T h e s m a l l e r m a t e r i a l ( p o l e t i m b e r I i n western M o n 

tana s h o w s ve ry l a r g e e x p a n s i o n p o s s i b i l i t i e s . M o s t of 

th i s i s a l l o c a t e d in T a b l e 16 to p u l p w o o d , w h i c h we s h a l l 

d i s c u s s la ter . 

Eastern Montana 

I n eas te rn M o n t a n a , the p o t e n t i a l f o r s a w t i m b e r e x p a n 

s i o n i s r e l a t i v e l y g rea te r . T h e f igu res in T a b l e 16 i n d i c a t e 

that p r o d u c t i o n o f l u m b e r c o u l d be at least d o u b l e d , 

a l o n g w i t h i n c r e a s e d c u t t i n g o f s a w t i m b e r - s i z e t rees f o r 

venee r a n d l a r g e p o l e o p e r a t i o n s . A c t u a l l y s o m e of the 
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Future prospects 

e x p a n s i o n o f s a w t i m b e r c u t t i n g s in eas te rn M o n t a n a 

w o u l d d e p e n d , a c c o r d i n g to the F o r e s t S e r v i c e c a l c u l a 

t ions , u p o n the d e v e l o p m e n t o f i n d u s t r i e s u s i n g the s m a l l 

t rees a l so . T h i s i s necessary so t h a t : ( 1 ) the cos ts o f 

d e v e l o p i n g these s tands I w h i c h tend to be m o r e remo te 

f r o m m i l l si tes t han those i n western M o n t a n a ) c a n be 

sha red by seve ra l use rs , a n d 12) b a l a n c e d cu ts c a n be 

made as best su i t s the o v e r - a l l m a n a g e m e n t p l a n . T h e 

i nd i ca ted 185 m i l l i o n b o a r d feet of l u m b e r e x p a n s i o n 

po ten t ia l w o u l d s u p p l y r o u g h l y ten m o d e r a t e s ize saw

m i l l s ( 80 M B F per d a y l u m b e r o u t p u t ) . 

S e v e r a l new types of u t i l i z a t i o n o p e r a t i o n s , i n c l u d i n g 

fiberboard a n d c h e m i c a l w o o d p l a n t s not n o w p resen t i n 

M o n t a n a , a re v i s u a l i z e d in the Fo res t S e r v i c e f i g u r e s ; 

these o p e r a t i o n s w o u l d take a d v a n t a g e o f s o m e o f the 

sizes a n d g r a d e s of m a t e r i a l s not u s a b l e in m o r e c o n v e n 

t i o n a l o p e r a t i o n s . B u t the sec tor w i t h the mos t i m p r e s s i v e 

e x p a n s i o n p o t e n t i a l , as a l l o t e d , is pulpwood. 

Black Hills 

B l a c k H i l l s t i m b e r ou tpu t is c u r r e n t l y w e l l b e l o w its 

c a p a b i l i t i e s . A p r i va te su r vey o f the B l a c k H i l l s a r e a 

e x a m i n i n g p o s s i b i l i t i e s f o r s a w m i l l e x p a n s i o n v e r i f i e d 

that at least one new s a w m i l l o f m o d e r a t e s ize c o u l d be 

s u p p o r t e d by the a v a i l a b l e t i m b e r . ' 5 A s in M o n t a n a , c o m 

pet i t i ve e l i m i n a t i o n o f m a n y m a r g i n a l m i l l s is l i k e l y to 

c o n t i n u e . T h e unused p u l p w o o d o r p o l e t i m b e r p o t e n t i a l 

is s t i l l s u b s t a n t i a l . 

PULPWOOD RESOURCES AND REGIONAL 
PULP AND PAPER INDUSTRY 

P u l p - m a k i n g p rospec t s p resen t a d i f f e ren t e v a l u a t i o n 

p r o b l e m f r o m that o f l u m b e r a n d w h o l e w o o d p r o d u c t s . 

It i s t rue that fu tu re d e m a n d s f o r w o o d fiber p r o d u c t s 

are u n i v e r s a l l y e x p e c t e d to c o n t i n u e to e x p a n d s h a r p l y 

a n d that th i s d i s t r i c t h a s ve ry l a r g e s u p p l i e s o f p u l p w o o d 

a v a i l a b l e at l o w cost at the s i te. N e v e r t h e l e s s , the eco 

n o m i c s of p u l p - a n d p a p e r - m a k i n g i s m u c h d i f f e ren t f r o m 

that of l u m b e r , a n d one c a n n o t fo resee the ex tent to w h i c h 

the n a t i o n a l p u l p a n d p a p e r i n d u s t r y w i l l c h o o s e to de

p e n d on d i s t r i c t w o o d sou rces by the y e a r 1 9 7 5 . W e saw 

in the case of s o f t w o o d l u m b e r that , i f the e c o n o m y w a n t s 

to o b t a i n the i n c r e a s e d q u a n t i t i e s p r o j e c t e d , then the 

M o u n t a i n states mus t sha re m o r e h e a v i l y in i ts p r o d u c 

t i on . T h e a l t e r n a t i v e s o p e n to the p u l p a n d p a p e r i n d u s 

t ry , h o w e v e r , are d i v e r s e in t e rms o f l o c a t i o n as w e l l as 

t ype of raw m a t e r i a l . 

U n t i l ve ry recent y e a r s the p u l p a n d p a p e r i n d u s t r y 

has tended to a v o i d the M o u n t a i n s tates i n l o c a t i n g i ts 

p u l p - m a k i n g f a c i l i t i e s . M i l l s in W i s c o n s i n h a v e used s o m e 

s o f t w o o d p u l p w o o d f r o m M o n t a n a a n d C o l o r a d o ra the r 

than s h i f t i n g a p o r t i o n of t he i r c a p a c i t y to the s i te o f 

r e a d i l y a v a i l a b l e s o f t w o o d s u p p l i e s . O n e o f the b i g d r a w 

b a c k s o f th i s a r e a h a s been i ts c o n s i d e r a b l e d i s t a n c e f r o m 

m a j o r m a r k e t s . A m i l l l o ca ted i n the M o u n t a i n states 

w o u l d h a v e been i n p o o r p o s i t i o n to c o m p e t e w i t h P a c i f i c 

coast m i l l s f o r c o a s t a l m a r k e t s o r w i t h L a k e S ta tes m i l l s 

f o r m i d w e s t a n d eas te rn m a r k e t s . M a j o r e x p a n s i o n s i n 

f a c i l i t i e s i n p o s t w a r y e a r s h a v e o c c u r r e d in the S o u t h a n d 

P a c i f i c N o r t h w e s t . A l t h o u g h p u l p w o o d s u p p l i e s in these 

a reas have b e c o m e i n c r e a s i n g l y c o m m i t t e d to e x i s t i n g 

p l a n t s , a m p l e h e a d r o o m s t i l l ex i s t s f o r e x p a n s i o n in b o t h 

a r e a s , e s p e c i a l l y in the S o u t h . 

If n a t i o n a l p u l p r e q u i r e m e n t s g r o w s u b s t a n t i a l l y as i s 

e x p e c t e d . " s i z a b l e new p u l p i n g c a p a c i t y w i l l h a v e to be 

a d d e d . B u t , p l a n t s i zes a n d c a p i t a l r e q u i r e m e n t s in the 

p a p e r i n d u s t r y a re ve ry l a r g e , a n d h e n c e l o c a t i o n d e c i 

s i o n s mus t be b a s e d o n a c a r e f u l w e i g h i n g of m a n y m a r 

ket , r a w m a t e r i a l , a n d o p e r a t i n g f ac to r s . P r o j e c t i o n s 

m a d e i n the s t u d i e s we have c i t e d e a r l i e r i n d i c a t e a n e a r 

d o u b l i n g of p u l p w o o d c o n s u m p t i o n o v e r the q u a r t e r cen 

tury 1950 to 1 9 7 5 , as s h o w n in F i g u r e 2 6 . 

Figure 26 — Project ions of Un i ted States pu lp 
w o o d consumpt ion a n d product ion to 1975 
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T a k i n g a n a v e r a g e i n d i c a t e d ra te o f g r o w t h , we see 

that the p r o j e c t e d e x p a n s i o n w o u l d r e q u i r e p u l p w o o d 

c o n s u m p t i o n to e x p a n d be tween 1960 a n d 1975 b y 13 

m i l l i o n c o r d s e q u i v a l e n t a n n u a l l y i n o r d e r to t u r n ou t a n 

a d d i t i o n a l 19 to 2 0 m i l l i o n t ons o f p a p e r a n d b o a r d a n 

n u a l l y . T r a n s l a t e d i n t o p l a n t i n ves tmen t th i s w o u l d re 

q u i r e the e q u i v a l e n t o f r o u g h l y 6 0 l a r g e new p u l p a n d 

p a p e r p l a n t s ( 3 0 0 . 0 0 0 tons a n n u a l c a p a c i t y ) . J u s t h o w 

m u c h of th i s n e w c a p a c i t y m i g h t find i ts w a y i n t o o u r 

d i s t r i c t by 1975 i s a n o p e n q u e s t i o n . 

'Chicago & Northwestern Railway 1/51. 

: l"Current pulp output levels actually exceed a number of vintage 
1950 expectations for growth. Lumber production, in contrast, 
has fallen well short of most projections of a decade ago. 
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T h e S t a n f o r d R e s e a r c h Ins t i tu te 's p r o j e c t i o n s f o r m a j o r 

r e g i o n s suggest that a b o u t 0 0 percen t o f the e x p a n d e d 

ou tpu t w i l l c o m e f r o m fo res ts o f the S o u t h . A b o u t 2 0 

percent w i l l c o m e f r o m western states, m a i n l y a r i s i n g 

f r o m e x p a n d e d use o f m i l l r es i dues . T h e great b u l k o f the 

wes te rn s ta tes ' p u l p - m a k i n g c a p a c i t y i s l oca ted in c o a s t a l 

W a s h i n g t o n a n d O r e g o n , a n d most o f the f u t u re e x p a n s i o n 

is expec ted to o c c u r the re . W e s t e r n p u l p w o o d requ i re 

men ts a re p r o j e c t e d by S R I to m o v e f r o m s i x m i l l i o n 

cords in 1960 to n i ne m i l l i o n c o r d s a n n u a l l y by 1 9 7 5 . 

( l i v e n the g e n e r a l o u t l o o k f o r g r o w i n g n a t i o n a l d e m a n d 

a n d the p rospec t that p o p u l a t i o n g r o w t h a n d i n d u s t r i a l 

d e v e l o p m e n t w i t h i n the R o c k y M o u n t a i n - G r e a t P l a i n s 

a n a w i l l a l s o c o n t i n u e , the l i k e l i h o o d that a d d i t i o n a l 

p u l p - a n d p a p e r - m a k i n g capac i t y w i l l be l oca ted in the 

r e g i o n seems grea t . M o n t a n a ' s f i rs t p u l p a n d p a p e r m i l l 

has n o w been o p e r a t i n g f o r s o m e five yea rs , a n d a s e c o n d 

one was p r o p o s e d a b o u t the s a m e t i m e , a l t h o u g h a c t u a l 

c o n s t r u c t i o n has been d e l a y e d i n d e f i n i t e l y . P l a n t e x p a n 

s i o n , n o w an a c c o m p l i s h e d fact in western M o n t a n a , i n d i -

Figure 2 7 a — Poss ib le p u l p w o o d supp l y a r e a s 
a n d pu lp mi l l sites 

F igure 27b — River systems a n d re la t i ve s t ream 
f l ow at po ten t ia l pu lp mi l l sites 
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cates that the t h r e s h o l d o f p r o f i t a b i l i t y has been r e a c h e d 

f o r s o m e t ypes o f p u l p a n d p a p e r p r o d u c t i o n . 

T h e Fo res t S e r v i c e , f r o m its s tudy o f M o n t a n a ' s c a p a 

b i l i t i e s , c o n c l u d e d that unde r its h y p o t h e t i c a l a l l o c a t i o n 

o f p r o d u c t s m o r e than two m i l l i o n co rds of p u l p w o o d 

c o u l d be cut on a s u s t a i n a b l e bas i s . S i n c e the s ta te 's l i ve 

p u l p w o o d cut i s s m a l l a n d s i n c e the new p u l p m i l l oper

a t i ng at M i s s o u l a uses on ly s a w m i l l r es idues , p r a c t i c a l l y 

no i n r o a d s h a v e been m a d e on the i m m e n s e l i v e w o o d 

p o t e n t i a l . 

Potential pulp mill sites 

In Cont rast to the f a i r l y w i d e s p r e a d a v a i l a b i l i t y o f 

s a w m i l l s i tes, the n u m b e r of s i tes s u i t a b l e fo r p u l p m i l l 

o p e r a t i o n s is re la t i ve l y res t r i c ted . F o r one t h i n g , unde r 

f o r e s e e a b l e c i r c u m s t a n c e s there c a n be no s u c h t h i n g as a 

small p u l p m i l l . In o r d e r to be eff ic ient a n d c o m p e t i t i v e 

t o d a y , p u l p m i l l s mus t be c o n s t r u c t e d on a l a r g e sca le . 

P e r h a p s a m i n i m u m s u i t a b l e c a p a c i t y w o u l d be a b o u t 2 0 0 

tons of p u l p a d a y . C a p i t a l r e q u i r e m e n t s f o r s u c h a m i l l 

w o u l d be g r e a t e r than $ 5 , 0 0 0 , 0 0 0 , c o m p a r e d w i t h abou t 

S 5 0 0 . 0 0 0 to 3 1 , 5 0 0 . 0 0 0 f o r a m e d i u m s a w m i l l 1100 .000 

b o a r d feet p e r d a y I a n d less than SIOO.(XX) f o r a s m a l l 

s tud m i l l . 

P u l p m i l l s need ve ry l a r g e v o l u m e s of wa te r , not so 

m u c h f o r the p r o c e s s i tse l f as f o r d i l u t i n g o f wastes that 

u l t i m a t e l y mus t be d i s c h a r g e d f o r the o p e r a t i o n . L o c a t i o n 

r e q u i r e m e n t s the re fo re i n c l u d e not only c e n t r a l access to 

a su f f i c ien t l y l a r g e s u p p l y of t i m b e r o r m i l l r es i dues , but 

a l s o a s i te a l o n g a s t r e a m c o u r s e w i t h a n a d e q u a t e rate 

o f wa te r f low. 

M o d e r n p rocess i m p r o v e m e n t s h a v e reduced w a t e r v o l 

u m e r e q u i r e m e n t s , bu t the p o l l u t i o n c o n t r o l n o r m a l l y re

su l t s in net a d d i t i o n s to cos ts . T h e mos t c o m p e l l i n g i n 

cen t i ve f o r p o l l u t i o n r e d u c t i o n r e m a i n s p u b l i c p r e s s u r e 

o r p e n a l l y . T h e water r e q u i r e m e n t s f o r p u l p m a k i n g are 

Suf f ic ient ly l a r g e that o n l y the m a j o r r i v e r c o u r s e s are 

d e e m e d f e a s i b l e m i l l s i tes i n the d i s t r i c t . P o t e n t i a l si tes 

a r e d e p i c t e d in F i g u r e 2 7 a l o n g w i t h es t imates o f sus

t a i n a b l e a n n u a l p u l p w o o d ha rves t in the v i c i n i t y . 

T o t a l p u l p w o o d r e q u i r e m e n t s o f p u l p m i l l s i f a l l spe

c i f i e d s i tes we re used to the c a p a c i t y i n d i c a t e d w o u l d be 

a b o u t o n e m i l l i o n c o r d s p e r y e a r , w h i c h is w e l l w i t h i n the 

Source: Forest Service [8] [21] [22]. 

; A pulp mi l l <>f 200 tons daily capacity would require aliout seven 
mil l ion gallons of water per day In produce unbleached kraft 
pulp and about eighteen mil l ion gallons per day to produce 
bleached pulp. Organic wastes dumped into a stream wi l l reduce 
oxygen levels in the water for some distance downstream. If 
oxygen is reduced too far. objectionable results, including k i l l ing 
of fish, may follow. A n average 200-ton sulfite pulp mi l l using a 
calcium base process produces an oxygen demand equivalent to 
the sewage discharge of a communily of 700.000 people, while 
that of a sulfate or kraft mi l l is equivalent to about 80.000 
people. Waste ponding and other pollution control measures can 
alter minimum water requirements. 
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Future prospects 

t w o - p l u s m i l l i o n c o r d p e r y e a r p o t e n t i a l p u l p w o o d cut 

i nd i ca ted fo r the r e g i o n as a w h o l e . 

Wes te rn Montana offers the l ies! s i te f eas ib i l i t y in the 

r e g i o n . A l l m i l l si tes are c l o s e r t han they are in o ther 

par ts of o u r r e g i o n to b l o c k s of t i m b e r a n d to l a r g e r 

c o n c e n t r a t i o n s of s a w m i l l s f r o m w h i c h c h i p p e d m i l l res i 

d u e s may be taken . In eas tern M o n t a n a , f o r e x a m p l e , 

s t r eam f lows are not qu i t e as l a r g e o r r e g u l a r , a n d o ther 

w i s e s u i t a b l e s i tes a re l oca ted in w i d e o p e n a reas f a r f r o m 

b l o c k s of t i m b e r . S o m e si tes a l r e a d y have too m u c h ex is t 

ing p o l l u t i o n I e .g . . the B i l l i n g s - H a r d i n a r e a ) , a c c o r d i n g 

to su r veys m a d e in c o n j u n c t i o n w i t h the U n i t e d States 

P u b l i c H e a l t h D e p a r t m e n t a n d the M o n t a n a B o a r d o f 

H e a l t h . " T h e B l a c k H i l l s u p l i f t has n o r e a l l y a d e q u a t e 

s t ream flow fo r p u l p i n g , a l t h o u g h p r i v a t e in terests have 

inves t iga ted w i thou t a p p a r e n t success the p o s s i b i l i t i e s o f 

a s m a l l m i l l (SO tons p e r d a y I u s i n g w e l l wa te r to a u g 

ment l o c a l s t r eam f low. 

T h u s , the best ear ly po ten t i a l seems to l i e in M o n t a n a 

west o f the c o n t i n e n t a l d i v i d e , w h e r e p r e s e n t l y the o n l y 

p u l p m i l l is in fact l o c a t e d . E a s t e r n M o n t a n a ' s ve ry l a rge 

p u l p w o o d po ten t i a l c o u l d be r e a l i z e d as its h i g h e r - c o s t 

s i tes b e c o m e a t t rac t i ve to i nves to rs , bu t f o r the i m m e d i a t e 

fu tu re it w i l l p r o b a b l y d o n o m o r e t h a n s h i p s o m e p u l p 

w o o d as c h i p s to W i s c o n s i n . T h e B l a c k H i l l s c o u l d sus

ta in a p u l p w o o d cut of 100 ,000 c o r d s of p o n d e r o s a p i n e 

a n n u a l l y , but site feas ib i l i t y fo r l o c a l p u l p i n g seems n i l . 

S m a l l quan t i t i es of B l a c k H i l l s p u l p w o o d have m o v e d to 

W i s c o n s i n , a n d c o n c e i v a b l y the f re igh t a d v a n t a g e of its 

sites over c e n t r a l M o n t a n a ' s l o d g e p o l e s i tes m a y i m p r o v e 

the v o l u m e o f s h i p m e n t s in f u t u re yea rs . 

A l t h o u g h we have t a l ked in te rms of s u p p l i e s of l i ve 

p u l p w o o d . the a c t u a l p o t e n t i a l r a w m a t e r i a l base f o r 

p u l p o p e r a t i o n s is l a r g e r . F o r the wes te rn states as a 

w h o l e , s a w m i l l r es idues o f fer a f a r bet ter o p p o r t u n i t y 

f o r e x p a n s i o n t han d o w h o l e w o o d l o g s . I n M o n t a n a 

s o m e c a p a c i t y fo r e x p a n d e d use o f m i l l r e s i d u a l s ex is ts . 

T h e W a l d o r f - H o e r n e r p lan t 

a d d i t i o n a l p u l p m i l l the s i / e o f the e x i s t i n g one at M i s 

s o u l a c o u l d be s u p p o r t e d . 

W h i l e the e c o n o m i c s of p r o c u r e m e n t r e m a i n u n k n o w n , 

vast s to res of dead w o o d ex is t , as d i s c u s s e d in P a r t I I . 

a n d m u c h o f th is w o o d is s u i t a b l e f o r p u l p i n g . T e s t s by 

the U S D A Fo res t P r o d u c t s L a b o r a t o r y s h o w that the dead 

t rees re ta i n e x c e l l e n t p u l p p r o p e r t i e s , even a f te r l o n g 

p e r i o d s in dry s to rage on the s t u m p . 

In sho r t , the p h y s i c a l a v a i l a b i l i t y o f r a w m a t e r i a l f o r 

p u l p m a k i n g in the d i s t r i c t ' s west is e n o r m o u s . E v e n t u 

a l l y , g i v e n c o n t i n u e d n a t i o n a l g r o w t h , s e v e r a l of the 

p o t e n t i a l p u l p m i l l s i tes w i l l be ac t i ve l y o c c u p i e d . T h e 

p a c e o f e x p a n s i o n , h o w e v e r , w i l l p r o b a b l y c o n t i n u e to be 

s l o w . 

SUMMARY OF PROSPECTS AND 

IMPLICATIONS 

T h e a v a i l a b l e , u n u s e d t i m b e r v o l u m e s in o u r r e g i o n 

c o u l d s u p p o r t a n i n c r e a s i n g ha rves t o f w o o d f r o m a l l 

m a j o r a reas in r es pons e to g r o w i n g n a t i o n a l d e m a n d s . 

T h e f o r m a n d l o c a t i o n of a d d e d p r o c e s s i n g c a p a c i t y w i l l 

v a r y , w i t h the best o p p o r t u n i t y f o r p u l p e x p a n s i o n in 

wes te rn M o n t a n a a n d p e r h a p s the best o p p o r t u n i t y f o r 

a d d i t i o n a l new s a w m i l l capac i t y in eas te rn M o n t a n a . 

A s we m e n t i o n e d b e f o r e , wes te rn M o n t a n a is c l o s e r to 

s a t u r a t i o n in s a w m i l l c a p a c i t y , a n d in s o m e sec t ions a n 

o v e r c a p a c i t y i s fe l t to ex i s t . T h e F o r e s t S e r v i c e c o n s i d e r s 

that the h i g h e r qua l i t y spec ies s u c h as p o n d e r o s a p i n e 

ac tua l l y a re b e i n g taken at a g rea te r t han s u s t a i n a b l e rate 

i n t h i s sec tor o f M o n t a n a . B u t even w i t h these q u a l i f i c a 

t i o n s we c a n see tha t the p o t e n t i a l f o r e x p a n s i o n in w o o d 

v o l u m e , g i v e n s u i t a b l e spec ies a n d s i z e s , is c o n s i d e r a b l e . 

S a w m i l l n u m b e r s a c t u a l l y m a y d e c l i n e u n d e r the c i r c u m 

s tances , bu t a l a r g e r v o l u m e o f w o o d p r o c e s s i n g i s pos

s i b l e . 

T h e p i c t u r e i s d i f fe ren t in eas te rn M o n t a n a , w h e r e the 

g rea te r r o o m f o r e x p a n s i o n has b r o u g h t a r e l a t i v e l y m o r e 

at M i s s o u l a , w i t h a 500- ton 

da i l y p u l p c a p a c i t y , r e q u i r e s 

s o m e 180 .000 un i t s of c h i p s 

p e r yea r . E x i s t i n g M o n t a n a 

s a w m i l l s , g i v e n the i r c u r r e n t 

o p e r a t i n g c a p a c i t i e s , c o n 

c e i v a b l y c o u l d p r o d u c e m o r e 

t han ha l f a m i l l i o n un i t s o f 

c h i p s a n n u a l l y . M o s t o f th i s 

capac i ty is l oca ted in no r t h 

western M o n t a n a . W e r e i t 

p r o v e n e c o n o m i c to use even 

h a l f of th i s m a t e r i a l , a n 

TABLE 1 7 - D A T A O N POTENTIAL PULP MILL SITES ILLUSTRATED IN FIGURE 27 

SULFATE 
PULPING PERMISSIBLE 

CAPACITY THAT SULFATE 
JLPWOOD A N N U A L SUSTAINABLE PULPINC 
SOURCE HYPOTHETICAL SUSTAINABLE CUT WOULD C A P A C I T Y BASED 

AREA PULP MILL SITES PULPWOOD CUT SUPPORT ON STREAMFLOW 
1 thousand cords I 1 tons) (tons) 

1 Three Forks 442 740 200 
2 Livingston 127 210 200 
3 Great Falls 172 290 200 
4 Hungry Horse Dam 397 660 400 
5 Libby 330 550 300 
6 Albeni Falls 1,188 1.980 400 
7 Mouth of Clearwater River 1.356 2,260 200 
8 Paradise 507 850 1,000 
9 Roberts 157 260 200 

10 Deadwood 100 170 — 
1-3-8' Anaconda-Warm Springs 120 200 — 

^Forest Service [2/1 1221. 
"Alternate possibility at vacated industrial site 
Source Forest Service [7] [8] [22]. 
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r a p i d g r o w t h i n s a w m i l l s in recen t y e a r s . T h e p o t e n t i a l 

i s s t i l l l a r g e , a l t h o u g h no t as l a r g e p e r h a p s as o r i g i n a l l y 

t h o u g h t , because of the r o u g h t o p o g r a p h y a n d i n c r e a s i n g 

d e v e l o p m e n t a n d l o g g i n g cos t s . C o n t i n u e d e x p a n s i o n i n 

s a w m i l l o p e r a t i o n s d e p e n d s to a l a r g e ex tent o n the suc

cess o f the new s a w m i l l s d e s i g n e d to h a n d l e the s m a l l e r 

s ize l o d g e p o l e p i n e . T h e r e is r o o m f o r e x p a n s i o n of saw

m i l l s , h o w e v e r , as w e l l as f o r the d e v e l o p m e n t of v a r i o u s 

o the r w h o l e w o o d p r o d u c t s u s i n g l a r g e r t ree s i zes . 

In the B l a c k H i l l s a r e a m o d e r a t e s a w m i l l e x p a n s i o n i s 

p o s s i b l e , w h i l e the s u b s t a n t i a l p u l p w o o d o r p o l e t i m b e r 

p o t e n t i a l is l a r g e l y u n t a p p e d . 

T h e f o r e g o i n g s u r v e y o f e x p a n s i o n p o s s i b i l i t i e s , e v e n 

if c o r r e c t in g e n e r a l d i r e c t i o n , o v e r l o o k s m a n y c o m p l e x i 

t ies. P r o d u c t m a r k e t s f o r l u m b e r a n d m a n y d e r i v e d w o o d 

p r o d u c t s a re sub jec t to s t r o n g c y c l i c a l f l u c tua t i ons . S u p 

p l i e s o f p u b l i c t i m b e r m a y be s u b j e c t to t he i r o w n c o n 

s t r a i n t s I f o r e x a m p l e , p o l i c i e s o f m a k i n g s a l e s i n s m a l l 

q u a n t i t i e s o r so as to m a i n t a i n e x i s t i n g m i l l s ! a n d m a y 

thus not be ef fect ive ly a v a i l a b l e to s u p p o r t the c o m m i t 

ment of l a r g e c a p i t a l i nves tmen ts f o r f u t u re e x p a n s i o n . 

N a t u r a l c a t a s t r o p h e s I s u c h as the s p r u c e b a r k bee t le i n 

fes ta t ion may c rea te p r e s s u r e s f o r t e m p o r a r y e x p a n s i o n 

in p a r t i c u l a r spec ies o r p r o d u c t s . 

T h u s the r e a l - w o r l d m a r k e t d o e s not a l l o w f o r s teady 

a n d p r e d i c t a b l e i n t r o d u c t i o n o f new p l a n t s . O w n e r s m a y 

c o m p l e t e c a p i t a l e x p a n s i o n , p l a n n e d to take a d v a n t a g e o f 

e x p e c t e d l o n g e r - t e r m g r o w t h in d e m a n d , o n l y to f a c e a 

s l u m p in the m a r k e t a n d d e p r e s s e d p r o d u c t p r i c e s f o r 

two o r t h ree y e a r s . T h e i n r o a d s that m a y be m a d e in the 

m e a n t i m e b y w o o d subs t i tu tes , new uses, o r w o o d p r o d 

ucts f r o m a reas o u t s i d e the d i s t r i c t , m a y t h r o w o the r d i f 

ficulties i n the w a y of p r o f i t a b l e o p e r a t i o n . D e c i s i o n s in 

the past h a v e h a d to be m a d e i n jus t t h i s so r t o f e n v i r o n 

ment . N o mat te r h o w s t r o n g l y pas t t r e n d s sugges t tha t 

the f u t u re m a r k e t w i l l u l t i m a t e l y g r o w , d e c i s i o n s to inves t 

i n s u c h f a c i l i t i e s i n e v i t a b l y i n v o l v e a g a m b l e . 

JOB POSSIBILITIES AND LOCAL IMPACT 
T h r o u g h o u t o u r d i s c u s s i o n so f a r we h a v e used c u b i c 

v o l u m e s o f t i m b e r as a m e a s u r e o f i n d u s t r y s ize a n d i n 

d u s t r y g r o w t h p o t e n t i a l . W e c o u l d h a v e used o the r meas 

u res o f m a g n i t u d e , s u c h as n u m b e r of j o b s , wages g e n 

e r a t e d , o r c a p i t a l e x p e n d i t u r e s . F r o m the l o c a l v i e w p o i n t , 

the n u m b e r o f j o b s o r a m o u n t of s a l a r y p a y m e n t s gen

era ted is o f ten c o n s i d e r e d the mos t s i gn i f i can t m e a s u r e 

of the i n d u s t r y . 

A F o r e s t S e r v i c e s t u d y o f M o n t a n a ' s t i m b e r ou tpu t 

p o t e n t i a l " p r o j e c t e d the e m p l o y m e n t l eve l s in the state 

that m igh t be a s s o c i a t e d w i t h the f u l l use o f es t ima ted 

s u s t a i n a b l e cu t , i n c l u d i n g bo th p r i m a r y a c t i v i t y a n d 

s e c o n d a r y m a n u f a c t u r e , as f o l l o w s : 

Primary production 
Secondary manufacture 

Total 

Man-years required in Montana 
With full use 

1957 and development 
9.000 28.000 
1.600 14.000 

10,600 42.000 

T h e 10 .600 m a n - y e a r s o f l a b o r es t ima ted f o r 1957 were 

e x c h a n g e d f o r a p p r o x i m a t e l y 8 5 6 m i l l i o n in wages . A n d 

t h i s figure, to be su re , m a k e s u p a r e s p e c t a b l e p o r t i o n of 

the 725 m i l l i o n - d o l l a r wage a n d s a l a r y i n c o m e f o r a l l 

i n d u s t r y i n M o n t a n a d u r i n g that yea r . U s i n g 1957 r e l a 

t i o n s h i p s , wages f r o m t i m b e r o p e r a t i o n s at the p r o j e c t e d 

' ' f u l l use a n d d e v e l o p m e n t " l eve l c o u l d reach 8 2 3 0 m i l 

l i o n a n n u a l l y in M o n t a n a — a s e v e r a l - f o l d i nc rease o v e r 

the c u r r e n t l e v e l . W h i l e the f u l l p o t e n t i a l m a y no t be 

e c o n o m i c a l l y r e a l i z a b l e in the n e a r f u tu re , any s i g n i f i c a n t 

e x p a n s i o n of the a r e a ' s o u t p u t of p h y s i c a l p r o d u c t c o u l d 

a d d a p p r e c i a b l y to the a r e a ' s i n c o m e flows. 

F r o m o u r d i s c u s s i o n a b o u t the b a s i c c h a r a c t e r i s t i c s 

a n d c h a n g i n g e n v i r o n m e n t o f the t i m b e r e c o n o m y i n the 

wes te rn pa r t o f the N i n t h d i s t r i c t , we have c o n c l u d e d : ( 1 ) 

that p h y s i c a l p o t e n t i a l o r c a p a b i l i t y to e x p a n d is l a r g e ; 

12) that the r e g i o n ' s i n d u s t r y h a s d e m o n s t r a t e d a n a c t i v e 

" v i t a l i t y " ' t h r o u g h its recent e x p a n s i o n e f fo r t s ; a n d ( 3 ) 

that p r o s p e c t i v e e c o n o m i c c o n d i t i o n s a n d past t r e n d s 

suggest that a g o o d pa r t o f the u n u s e d e x p a n s i o n c a p a 

b i l i t y w i l l be r e a l i z e d s o m e d a y . A l a r g e , t h o u g h not nec

e s s a r i l y p r o p o r t i o n a t e , j o b a n d i n c o m e g r o w t h a lso m a y 

o c c u r i n the d i s t r i c t . 

A n d n o w we t u rn f r o m o u r r e g i o n a l su r vey to a b r ie f 

c o n c l u d i n g s e c t i o n : a n a t tempt to u n d e r s t a n d the b r o a d e r 

m e a n i n g of the r e g i o n a l ac t i v i t y we have been c o n s i d 

e r i n g . 

•"•Forest Service 1201. 
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V 

ECONOMIC THEORY AND 
RESOURCE USE 

" J L ' h n u i g h o u t the f irst f o u r par ts of th i s repo r t we h a v e 

b e c o m e a c q u a i n t e d w i t h m a i n de ta i l s abou t the r e g i o n ' s 

t i m b e r indust ry a n d forest resources . S p e c i a l e m p h a s i s 

was g i ven to d i s p l a v i n g the d e c i s i o n - m a k i n g a p p a r a t u s 

that somehow d e t e r m i n e s w h i c h of the d i s t r i c t ' s h a l f b i l 

l i o n o r m o r e t rees to cu t . whe re to p r o c e s s t h e m , a n d 

what k i n d s of p r o d u c t s to m a k e f r o m t h e m . W e h a v e 

observed the resu l ts of past d e c i s i o n s : s o m e pa r t s of the 

reg ion ' s forest r esou rce have been cu t h e a v i l y , o t he r pa r t s 

nnlv s p a r i n g l y , a n d on b a l a n c e there is m u c h s u s t a i n a b l e 

g r o w t h po ten t ia l that has not been t a p p e d c o m m e r c i a l l y . 

Rut ou r t reatment of r e g i o n a l p a r t i c u l a r s i s n o w fin

i shed , a n d in th is final par t o f o u r s t u d y we e m b a r k on 8 

b r ie f , " a r m c h a i r " t o u r of a very d i f fe ren t w o r l d — a w o r l d 

of theory . D u r i n g the c o u r s e of t h i s t o u r we s h a l l meet 

three c o n t r a s t i n g v i e w p o i n t s abou t the use of r esou rces . 

T h e s e w i l l i l l u s t r a t e s o m e e c o n o m i c p r i n c i p l e s under 

l y i n g the m o r e p r a c t i c a l p r o b l e m s of g r o w i n g a n d cut

t i ng , b u y i n g a n d s e l l i n g that have o c c u p i e d us u p to th i s 

po in t . 

O u r focus in th i s s tudy has been t i m b e r . B u t we must 

n o w r e m i n d o u r s e l v e s that a n e c o n o m i c sys tem is r e l a -

t ivelv ind i f fe ren t to an} p a r t i c u l a r p h y s i c a l i n g r e d i e n t 

of i ts p r o d u c t i o n p rocesses , f o r th is reason the e c o n o m i s t 

has bu i l t h i s t heo re t i ca l sys tems o n the b roades t a n d most 

g e n e r a l p l a n e , w i thou t need to r e c o g n i z e the s p e c i f i c 

ex is tence of a n a t u r a l r esou rce r a i l e d t i m b e r , o r to g r a n t 

it s p e c i a l s ta tus . O u r ef for t , h o w e v e r , w i l l be to s i n g l e 

out seve ra l of the w o r k i n g ideas o f the m o d e r n theo r i s t 

a n d a p p l y them to the t i m b e r i ndus t r y a n d to s o m e of the 

u n u s u a l c h a r a c t e r i s t i c s of the indus t ry we have a l r e a d y 

no ted . 

W e t u rn first to a n e c o n o m i s t ' s v i e w p o i n t a b o u t the 

na ture o f r esou rce a l l o c a t i o n . 

THE ALLOCATION PROBLEM AND 
THE ALLOCATION SYSTEM 

T o the theor is t the allocation problem is that o f b r i n g 

ing in to b a l a n c e the p r o d u c t i o n a n d c o n s u m p t i o n c h o i c e s 

of i n d e p e n d e n t , se l f - seek ing g r o u p s o f d e c i s i o n m a k e r s in 

a way that w i l l m a x i m i z e eff ic iency a n d h u m a n e c o n o m i c 

w e l f a r e . A n allocation system is s i m p l y the to ta l e x i s t i n g 

a p p a r a t u s f o r a d j u s t i n g a l l the necessary d e c i s i o n s a b o u t 

use o r non -use of a v a i l a b l e resou rces in the f low of p ro 

d u c t i o n f r o m bas ic raw m a t e r i a l s to u l t i m a t e c o n s u m p 

t i o n . T h i s sys tem reso l ves the p r o b l e m of b a l a n c e . F o r 

the t i m b e r resou rce in p a r t i c u l a r the a l l o c a t i o n sys tem 

a l s o s o l v e s the s u b - p r o b l e m s of c h o o s i n g a n a t i o n a l 

l e v e l o f t i m b e r p r o d u c t i o n a n d d e t e r m i n i n g the p r o p o r 

t i on f o r t h c o m i n g f r o m any one r e g i o n . T h e a l l o c a t i o n 

s y s t e m s o l v e s the problem of conservation as w e l l : that 

i s . it b a l a n c e s present aga ins t f u t u re needs f o r the use o f 

n a t u r a l r esou rces . 

W h e n we t a l k a b o u t a n a l l o c a t i o n s y s t e m in th i s w a y , 

we r u n the r i sk o f m a k i n g t h i ngs s o u n d m o r e d e l i b e r a t e l y 

o r g a n i z e d a n d e n g i n e e r e d than they r e a l l y a re . A l t h o u g h 

sonic e c o n o m i e s in the m o d e r n w o r l d have been o r g a n i z e d 

by b l u e p r i n t to meet g i v e n n a t i o n a l g o a l s , o u r e c o n o m i c 

sys tem was n e v e r d e s i g n e d i n that m a n n e r . P u b l i c p o l i c y 

m a k e r s , o f c o u r s e , have a l w a y s en te red i n to o u r d e c i s i o n 

m a k i n g p rocess , m o d i f y i n g its resu l t s in a c c o r d w i t h 

t h e i r v iew o f d e s i r a b l e ob j ec t i ves in r e s o u r c e a l l o c a t i o n 

a n d c o n s e r v a t i o n . M o r e o v e r , n a t i o n a l e c o n o m i c g o a l s 

h a v e p l a y e d an i n c r e a s i n g l y i m p o r t a n t r o l e in o u r e c o n 

o m y in recent decades . 

It i s s t i l l t rue that in the U n i t e d S ta tes l a s in m a n y 

o the r c o u n t r i e s ) the e c o n o m y is a n a r r a n g e m e n t that 

" j u s t g r e w . " a n e v o l u t i o n a r y p r o d u c t o f s e v e r a l cen

tu r ies of i n s t i t u t i o n s in w h i c h i n d e p e n d e n t p r i va te o w n e r 

s h i p a n d i n d i v i d u a l e n t e r p r i s e we re d o m i n a n t . I n a w o r d , 

o u r s m i g h t best be d e s c r i b e d as a decentralized a l l o c a t i o n 

Sys tem, s i g n i f y i n g that the b u l k of the d e c i s i o n s a re m a d e 

r e l a t i v e l y i n d e p e n d e n t l y at the l e v e l o f the i n d i v i d u a l 

p r o d u c e r , c o n s u m e r , a n d r e s o u r c e h o l d e r . 

It i s s i g n i f i c a n t that i n d i v i d u a l p r i v a t e d e c i s i o n m a k e r s 

h a v e n e v e r v i e w e d t h e m s e l v e s p a r t i c u l a r l y as a l l o c a t o r s 

w o r k i n g to meet s o m e mas te r p l a n f o r the use o f re

sources . M o r e of ten they s i m p l y have been out In m a k e 

m o n e y , to i m p r o v e t h e i r o w n p o s i t i o n , a n d e n h a n c e per 

s o n a l s a t i s f a c t i o n s . Y e t it h a s been o b s e r v e d that s u c h a 

s y s t e m — i n sp i t e of its p r e d o m i n a n t l y s e l f - s e e k i n g , i n d i 

v i d u a l i s t i c a p p r o a c h to d e c i s i o n s a b o u t r e s o u r c e u s e — 

b e h a v e d a n d a c h i e v e d o b j e c t i v e s as t h o u g h it d i d h a v e 

a n o v e r - a l l o r g a n i z a t i o n . It was th is " a s t h o u g h " c h a r a c 

te r i s t i c that c a u g h t the a t t en t i on o f e c o n o m i s t s . A d a m 

S m i t h ' s " I n v i s i b l e H a n d " is a v i n t a g e r e m i n d e r of a n 
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e a r l ) r e c o g n i t i o n <>f s o m e sor t of c o l l e c t i v e o r d e r in the 

p r i va te marke t sys tem. M o d e r n e c o n o m i s t s h a v e a n a l y z e d 

d e c e n t r a l i z e d a l l o c a t i o n system-; in a c o n s i d e r a b l y m o r e 

a d v a n c e d a n d m o r e r i g o r o u s w a y . In d o i n g th i s , they have 

d e v e l o p e d a l a r g e body of theory a b o u t the m e c h a n i s m 

of o p e r a t i o n a n d a l l o c a t i v e p o t e n t i a l i t i e s o f s u c h a 

system. 

THE COMPETITIVE MODEL 
B a s i c a l l y the theor is t has m a d e h i s u a \ b) b u i l d i n g a 

" m o d e l ' ' of a d e c e n t r a l i z e d e c o n o m y , a p p r o p r i a t e l y re

f i l l e d tn as a competitive model. A c t u a l ! ) the m o d e l i s 

a p e n c i l - a n d - p a p c r c o n s t r u c t i o n f a s h i o n e d of l o g i c a n d 

m a t h e m a t i c s to s i m u l a t e the w o r k i n g s o f a t r ue - l i f e eco 

n o m i c s y s t e m . T h e m o d e l is p resen ted i n a v a r i e t y o f 

f o r m s in man ) texts a n d re fe rences . It is a l w a y s abs t rac t 

a n d it a l w a y s t reats of a g rea t l y s i m p l i f i e d w o r l d . S o m e -

l i m e s the c o m p e t i t i v e m o d e l is p resen ted in h i g h l y i n 

v o l v e d a n d s o p h i s t i c a t e d m a t h e m a t i c a l l a n g u a g e . F o r o u r 

present needs, h o w e v e r , a very b r i e f w o r d s u m m a r y o f 

the m o d e l ' s m a i n a t t r i bu tes w i l l suff ice. 

In the c o m p e t i t i v e m o d e l a n u m b e r o f s ta tements de

s c r i b e the b e h a v i o r of each i n d i v i d u a l p a r t i c i p a n t in the 

e c o n o m y , the r u l e s that c o n s t r a i n o r l i m i t the p o s s i b l e 

cho i ces he can m a k e , a n d the w a y s in w h i c h the a c t i o n s 

of the many p a r t i c i p a n t s a re i n t e r - r e l a t e d . T h e r e a re 

n o r m a l l v th ree g r o u p s of p a r t i c i p a n t s : 111 producers 

choose i n d i v i d u a l l y h o w m u c h of t he i r p a r t i c u l a r g o o d s 

they w i l l p r o d u c e m o t i v a t e d on ly to m a x i m i z e p r o f i t s 

w i t h i n the l i m i t a t i o n s i m p o s e d by the t echno logy of t he i r 

p rocesses a n d the a v a i l a b i l i t y o f r e s o u r c e s : l 2 l con

sumers a n d 13) resource holders c h o o s e h o w m u c h o f 

each p roduc t they w i l l buy a n d the a m o u n t of t he i r re

sou rces i n c l u d i n g l a b o r they w i l l s e l l — m o t i v a t e d o n l y 

by i n d i v i d u a l d e s i r e to m a x i m i z e s a t i s f a c t i o n s a n d l i m 

i ted on lv by the i r i n c o m e s o r r e s o u r c e h o l d i n g s . T h e 

m o d e l is a n i n t e r a c t i n g sys tem t ied toge the r by price ( o r 

p r i c e s ) , s ince it is t h r o u g h p r i c e tha t the w i s h e s a n d 

c a p a b i l i t i e s o f e a c h p a r t i c i p a n t a re c o m m u n i c a t e d . 

COMPETITIVE EQUILIBRIUM: OPTIMALLY 
T h e p a r t i c u l a r s ta tements c h o s e n f o r a n y m o d e l (de

fining r u l e s o f b e h a v i o r , l i m i t a t i o n s , a n d i n t e r - r e l a t i o n s 

of the p a r t i c i p a n t s I a re k n o w n as the assumptions of the 

m o d e l . U n d e r s u i t a b l e a s s u m p t i o n s it c a n be p r o v e d that 

the c o m p e t i t i v e m o d e l h a s a r a the r neat w a y of w o r k i n g 

t h r o u g h its p r i c e s i g n a l s to a d j u s t p r o d u c t i o n a n d c o n 

s u m p t i o n a m o u n t s u n t i l a n e q u i l i b r i u m is r e a c h e d . B y 

d e f i n i t i o n , ' ' e q u i l i b r i u m " m e a n s that the sys tem h a s n o 

t endency to f u r t h e r a d j u s t m e n t s i n its p r i c e s , a m o u n t s 

p r o d u c e d , o r a m o u n t s c o n s u m e d — u n l e s s o r u n t i l there 

is a c h a n g e i n c o n s u m e r tastes, in t e c h n o l o g y , o r i n re 

s o u r c e a v a i l a b i l i t y . W h e n s u c h a c h a n g e d o e s o c c u r , the 

a d j u s t m e n t m e c h a n i s m w i l l start o p e r a t i n g to gene ra te a 

new e q u i l i b r i u m . A n o t h e r t h i n g that the theo r i s t c a n 

p r o v e , g i v e n the a p p r o p r i a t e a s s u m p t i o n s , is that a c o m 

pe t i t i ve e q u i l i b r i u m is optimal, w h i c h looselv t r a n s l a t e d 

means that the c o m p e t i t i v e m o d e l ach ieves some sort of 

best p o s s i b l e state. In the theor i s t ' s l a n g u a g e , the c o m 

pet i t i ve m o d e l ach ieves two t h i n g s : technical efficiency 

a n d allocative efficiency. 

T e c h n i c a l eff ic iency a p p l i e s to the p r o d u c e r a n d re

q u i r e s tha i fo r any g i v e n set of i npu t s each p r o d u c e r 

o b t a i n s a m a x i m u m v a l u e of o u t p u t , a n d that no s h i f t i n g 

o f i n p u t s a m o n g the v a r i o u s p r o d u c e r s w o u l d resu l t in a 

g rea te r to ta l v a l u e of ou tpu t f o r the g i v e n cost o f i npu ts . 

T h i s p r o d u c t i o n c o n d i t i o n is o f ten r e f e r r e d to as the least 

cost combination of inputs. 

Allocative efficiency I s o m e t i m e s c a l l e d optinialilvl 

a p p l i e s to the c o n s u m e r , a n d is a state of the abs t rac t 

economy in w h i c h i ne c o n s u m e r c o u l d be m a d e better 

off w i t h o u t m a k i n g at least one o ther c o n s u m e r w o r s e off. 

S u p p o s e , f o r e x a m p l e , it we re p o s s i b l e to r e a r r a n g e the 

ou tpu t a n d d i s t r i b u t i o n of g o o d s to c o n s u m e r s in s u c h a 

w a y that one p e r s o n i s m o v e d to a p o s i t i o n o f h i g h e r 

s a t i s f a c t i o n on h is s c a l e of p r e f e r e n c e w h i l e e v e r y o n e 

e lse is at least as w e l l off as be fo re in t he i r o w n eves 

I t h o u g h poss ib ly w i th a s o m e w h a t d i f fe ren t c o l l e c t i o n of 

g o o d s ) . T h e n the rev i sed state w o u l d be bet ter t han the 

pre* i ous one , a c c o r d i n g to the o p t i m a l i t y c r i t e r i o n . W h e n , 

t h r o u g h a l l such p o s s i b l e r e a r r a n g e m e n t s , we f i n a l l y have 

r e a c h e d a c o n d i t i o n in w h i c h no f u r t h e r i m p r o v e m e n t c a n 

be m a d e , then we have a t t a i n e d a m a x i m u m v a l u e o f to ta l 

ou tpu t as w e l l as optimality. W b i l e o p t i m a l i t y so d e f i n e d 

is a " w e a k c r i t e r i o n " o f s o c i a l w e l f a r e f r o m the s tand 

p o i n t o f the p o l i c y m a k e r , it is none the less a h a l f w a y 

h o u s e fa i r l y w ide l y a c c e p t a b l e to the theor is t . ' " F r o m the 

s t a n d p o i n t of i n d i v i d u a l c o n s u m e r s a t i s f a c t i o n , we c o u l d 

not find a n u n e q u i v o c a l l y better assor tmen t of n a t i o n a l 

ou tpu ts g i v e n the s a m e leve l of t e c h n o l o g y a n d q u a n t i t y 

of i n p u t s . 

THE COMPETITIVE MODEL AND 
THE REAL WORLD 

T h e theo r i s t has been f o r c e d in the interest of r i g o r to 

l o o k very p e n e t r a t i n g l y at the l o g i c a l s t r uc tu re of the 

"'Optimality as a Criterion of national or social welfare is at least 
an acceptable min imum: whatever else one would require of a 
stale nf general social welfare, one would want to have allocative 
efficiency. Otherwise it would be possible to squeeze out some 
additional product with no additional expenditure of effort. 
There is considerable economic literature on the problem »f con
structing a stronger criterion of social welfare. However, any 
stronger criterion necessarily requires the imposition of some 
sort of arbitrary judgment about the worth of some one persons 
satisfaction over that of another. That is. it would require judg
ments of the sort: reducing the satisfaction of Mr . X is less im
portant to the national welfare than increasing the satisfaction 
of Mr . Y . 
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Economic theory 

c o m p e t i t i v e m o d e l . H o has e x a m i n e d i n p a r t i c u l a r a l l the 

a s s u m p t i o n s necessary in o r d e r that the c o m p e t i t i v e m o d e l 

p r o d u c e an e q u i l i b r i u m w h i c h is t e c h n i c a l l y eff ic ient a n d 

o p t i m a l . T h e needed a s s u m p t i o n s f a l l i n t o two g r o u p s : 

l l I a s s u m p t i o n s about the way the e c o n o m i c u n i v e r s e is. 

so to s p e a k , cons t r uc ted i s t r u c t u r a l c o n d i t i o n s I : a n d I 2 ) 

a s s u m p t i o n s abou t the way the h u m a n p a r t i c i p a n t s 

s h o u l d behave ( r u l e s of the g a m e ) . A r m e d w i t h a neces

sary m i n i m u m of a s s u m p t i o n s , the theor is t c a n l o g i c a l l y 

gua ran tee that the m o d e l w i l l in fact genera te a n o p t i m a l 

s o l u t i o n to its a l l o c a t i o n p r o b l e m . 4 1 

Now lei us l o o k b road l y at h o w the theor is t p r o p o s e s to 

use the m o d e l , f i r s t , he sees he h a s c r e a t e d an abs t rac t 

o p e r a t i n g r e p l i c a of a n a l l o c a t i o n s y s t e m . Rut h i s in terest 

is caugh t by the o p t i m a l resul t the sys tem reaches , so he 

w o u l d l i ke to use his m o d e l as a n i d e a l , o r " n o r m . " w i t h 

w h i c h he can make j u d g m e n t s about ihe rea l w o r l d econ 

omy . Br ie f ! ) t hen , h is l o g i c is to l o o k at c o n d i t i o n s i n the 

rea l w o r l d economy in the l igh t of the r e q u i r e d o p t i m i z 

ing a s s u m p t i o n s . If they are v i o l a t e d f o r e x a m p l e , i f 

the w o r l d isn't bu i l t the way the t e c h n o l o g i c a l r e l a t i o n s in 

the m o d e l r e q u i r e , o r if p e o p l e w i l l not p l a \ a c c o r d i n g 

to the ru les of the g a m e then the theor is t w o u l d j u d g e 

that the real w o r l d economy w i l l f a i l to a t ta in o p t i m a l 

r esou rce a l l o c a t i o n . A t least , he is sure that a v i o l a t i o n o f 

the c o r r e s p o n d i n g a s s u m p t i o n in the c o m p e t i t i v e m o d e l 

w o u l d gua ran tee a n o n - o p t i m a l resu l t . 

H e m igh t m a k e fu r the r use o f the " i d e a l " c o m p e t i t i v e 

m o d e l in p r e s c r i b i n g s o m e p o l i c y a c t i o n . F o r e x a m p l e , 

he migh t r e c o m m e n d an t i t rus t a c t i o n u n d e r c e r t a i n c o n 

d i t i o n s to make f i rms behave m o r e n e a r l y a s they ough t 

to u n d e r c o m p e t i t i v e m o d e l a s s u m p t i o n s , in the be l i e f 

that it w o u l d b r i n g the economy c l o s e r to o p t i m a l re

sou rce a l l o c a t i o n . 

THE COMPETITIVE MODEL AND 
TIMBER PRODUCTION 

T e c h n o l o g i c a l eff icient ') a n d o p t i m a l i t y a r e , o f c o u r s e , 

c o n d i t i o n s that a p p l y to the to ta l e c o n o m y . In a sense we 

a rc g o i n g to t ack l e the p r o b l e m s o m e w h a t n a i v e l y , f o r 

we s h a l l e x a m i n e the r e l a t i o n s h i p of c o m p e t i t i v e m o d e l 

a s s u m p t i o n s to l i m b e r p r o d u c t i o n a s t h o u g h a l l o ther 

m a j o r sec tors o f o u r e c o n o m y fu l l y sa t i s f i ed the c o m 

pet i t ive a s s u m p t i o n s , w h i c h they d o not . R u t let us see 

p a r t i c u l a r l y how c o n d i t i o n s in the t i m b e r indus t ry meet 

or f a i l to meet the a s s u m p t i o n s o f the c o m p e t i t i v e m o d e l . 

T h e fact is that o u r t i m b e r a l l o c a t i o n s u b s y s t e m has a 

great many p r i m i t i v e s i m i l a r i t i e s to the c o m p e t i t i v e 

m o d e l . T h e reade r w i l l r e c o g n i z e that m u c h of the d i s -

4 l T n show this die theorist uses involved mathematical proofs 
which we do r.ot discuss here, but which may be consulted in 
many texts: see. for example, reference [$41 and the literature 
cited therein. 

c u s s i o n in the e a r l i e r pa r t s of th i s p a p e r w a s set u p s o a s 

to e m p h a s i z e p a r a l l e l s be tween i n s t i t u t i o n s a n d b e h a v i o r 

in the rea l w o r l d a n d the p r o p e r t i e s o f the c o m p e t i t i v e 

e q u i l i b r i u m m o d e l . 

F o r e x a m p l e , the a l l o c a t i o n d e c i s i o n s of p r i v a t e pro f i t -

m o t i v a t e d 111 i n - , r e s p o n d i n g to p r i c e s i g n a l s , u r n - ident i 

fied a s the cause of the sh i f t o f s e v e r a l s a w m i l l s f r o m the 

P a c i f i c C o a s t to s i tes in o u r d i s t r i c t — i n ef fect , a c o m 

pos i te d e c i s i o n to take a l i t t le b i t m o r e o f M o n t a n a - S o u t h 

D a k o t a t i m b e r a n d a l i t t l e bit less o f W a s h i n g t o n - O r e g o n 

t i m b e r . T h i s i s e q u i v a l e n t to a r e s o u r c e a l l o c a t i o n d e c i 

s i o n a f f ec t i ng in p r i n c i p l e the w h o l e n a t i o n a l e c o n o m y . 

Y e t i f we p ress o u r i n q u i r y f u r t h e r , we c a n d i s c e r n 

s o m e g a p s between the " i d e a l " o f the m o d e l a n d the 

a r r a n g e m e n t s of the rea l w o r l d . W i t h i n the t i m b e r i ndus 

t ry , the t r e e - g r o w i n g s tage in p a r t i c u l a r i s ha rdes t to fit 

to the c o m p e t i t i v e m o d e l . 

A m o n g the c o m p e t i t i v e m o d e l ' s a s s u m p t i o n s a b o u t p ro 

d u c e r s a r e : I I I that firms a re su f f i c ien t l y s m a l l r e l a t i v e 

to the marke t so that they have no p e r c e p t i b l e i n f l uence 

o n p r i c e s by the i r o w n i n d i v i d u a l a c t i o n s : ( 2 ) that they 

h a v e c o m p l e t e k n o w l e d g e o f the p r o d u c t i o n p o s s i b i l i t i e s 

o p e n to t h e m : a n d (3) that they act so as to m a x i m i z e 

the i r p ro f i t s . 

A s we have l e a r n e d , a l a r g e s h a r e o f the m e a n s of p ro 

d u c t i o n i n t ree g r o w i n g is u n d e r p u b l i c o w n e r s h i p . T h e 

Fo res t S e r v i c e , o b v i o u s l y a d o m i n a n t p r o d u c e r , can in

f luence p r i c e s t rong l y by its d e c i s i o n s , a n d so c a n s o m e 

l a r g e r p r i va te h o l d e r s in p a r t i c u l a r g e o g r a p h i c a reas . 

T h u s , on the face of it. the c l a s s i c a l i n s t i t u t i o n a l fea tures 

of the c o m p e t i t i v e m o d e l a re v i o l a t e d . 4 " 

F u r t h e r m o r e , the " r u l e s o f the g a m e " seem to be v i o 

l a t e d — b y the F o r e s t S e r v i c e , since it e x p l i c i t l y does not 

use the s a m e m a x i m i z a t i o n - o f - r e t u r n c r i t e r i o n that the 

p r o d u c e r t h e o r e t i c a l l y s h o u l d : by s o m e l a r g e p r i va te 

p r o d u c e r s , s i n c e s o m e s u s t a i n e d y i e l d o p e r a t i o n s seem to 

i n d i c a t e very l o w ra tes o f r e t u r n ; a n d by most s m a l l p r o 

d u c e r s , par t l y f r o m l ack of k n o w l e d g e o f the p o s s i b i l i t i e s 

o p e n to t h e m , a n d p a r t l y t h r o u g h e x p l i c i t in tent to p u r s u e 

s o m e o b j e c t i v e in forest o w n e r s h i p w h i c h i s not c o m 

p a t i b l e w i t h m a x i m i z i n g r e t u r n . 

O n e f i na l a s s u m p t i o n that is v i o l a t e d by c o n d i t i o n s i n 

the t r e e - g r o w i n g i n d u s t r y h a s to d o w i t h p r i c e s . P r i c e s 

p lay s u c h a key r o l e in the c o m p e t i t i v e m o d e l that any 

o f a n u m b e r of o b s t a c l e s w h i c h d i s t o r t the p r i c e s t ruc tu re 

, J l t should be emphasized here that in the theorist's view the allo-
ealive efficiency goal is not l imited to any One kind of institu
tional arrangement. If allocative efficiency is accepted as para
mount, any institutional arrangement—whether private owner
ship alone, private ownership with government regulation, or 
public ownership—is theoretically feasible as long as it meets 
the model's results; that is. as long as the applications it makes 
of resource inputs, the choices It makes for production outputs, 
and the way it distributes ouputs for consumption are identical 
to those reached by the ideally functioning competitive model. 
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a n d thus p reven t p r i c e s f r o m g i v i n g t h e i r p r o p e r s i g n a l s 

to the p r o d u c e r , c o n s u m e r , a n d resou rce h o l d e r can p re 

vent the m o d e l f r o m a t t a i n i n g o p t i m a l i t y . T h e e c o n o m i s t 

re fers lo these k i n d s of p r i c e - d i s t o r t i n g obs tac les as ex

ternal effects, 

EXTERNAL EFFECTS AND 
MULTIPLE FOREST OUTPUTS 

O n e t y p e o f e x t e r n a l ef fects p a r t i c u l a r l y i m p o r t a n t in 

the case o f the m u l t i p l e o u t p u t s ' o f forest l a n d s , c a r r i e s 

the ra the r i m p o s i n g n a m e o f a n external diseconomy of 

production. T h i s s i m p l y m e a n s that s o m e par t o f the 

cos ts of o p e r a t i n g a p a r t i c u l a r f i rm may not a p p e a r o n 

its a c c o u n t i n g r e c o r d s a n d in i ts o w n cost c a l c u l a t i o n s ; 

t he re fo re , w h e n it c a l c u l a t e s the sca le a n d a s s o r t m e n t o f 

p r o d u c t s it w i l l p r o d u c e , it d o e s not react to a l l the p r i c e 

s i g n a l s it s h o u l d to a c h i e v e a n agg rega te o p t i m u m . 

A s a n i l l u s t r a t i o n , s u p p o s e a l o g g e r seeks to m a x i m i z e 

h i s p ro f i t f r o m a l o g g i n g o p e r a t i o n in a p a r t i c u l a r m o u n 

ta in d r a i n a g e b a s i n a n d . in the p rocess , t akes a l l p o s s i b l e 

shor t c u t s : be s k i d s l o g s a c r o s s s t r e a m beds , s c a r s the 

g r o u n d , a n d i n c l u d e s no c u l v e r t s o r o t he r e r o s i o n c o n t r o l 

measu res in h i s r o a d 

a n d t r a i l c o n s t r u c t i o n . 

I n t h i s o p e r a t i o n h e 

h a s m a x i m i z e d h i s 

p ro f i t a n d t he re fo re 

h a s o p e r a t e d e f f i c ien t ly 

f r o m h i s o w n t e c h n i c a l 

s t a n d p o i n t . H o w e v e r , 

a m o n g the o u t p u t s o f 

h i s o p e r a t i o n a r e i n 

c reased e r o s i o n , i n 

c reased t u r b i d i t y o f wa

te rs d o w n s t r e a m , a n d 

i nc reased s i l t i n g b e h i n d d o w n s t r e a m d a m s a n d r e s e r v o i r s . 

In th i s h y p o t h e t i c a l c a s e , he may be a b l e to i g n o r e these 

c o n s e q u e n c e s o f h i s o p e r a t i o n : s o m e o the r p e o p l e , h o w 

ever , canno t . They n i i i s l pay the i nc reased costs tha i a r c 

a s s o c i a t e d w i t h the c h a n g e i n the q u a n t i t y a n d q u a l i t y o f 

water d o w n s t r e a m . T h i s i s a n e x t e r n a l d i s e c o n o m y . 

If s u c h c i r c u m s t a n c e s o c c u r r e d i n a c o m p e t i t i v e e q u i l i b 

r i u m m o d e l , the p r o d u c e r r e s p o n s i b l e f o r the e x t e r n a l 

d i s e c o n o m y w o u l d p r o d u c e too m u c h ( s i nce he o v e r l o o k s 

s o m e of the a c t u a l cos ts I a n d w o u l d d r a w a w a y f r o m the 

rest o f the e c o n o m y too m a n y r e s o u r c e s f o r o p t i m a l a l l o 

c a t i o n . P r i c e w o u l d then be l o w e r f o r the p r o d u c t w i t h 

the e x t e r n a l d i s e c o n o m y because of the w i n d f a l l cos t 

a d v a n t a g e : it w o u l d be h i g h e r I r e f l ec t i ng h i g h e r cos t ) 

f o r a l l o t he r p r o d u c t s because o f the r e d u c e d n u m b e r o f 

i npu t r e s o u r c e s a v a i l a b l e to t h e m . T h u s , c o n s u m e r s , re

s p o n d i n g to the p r i c e s i g n a l s , w o u l d end u p b u y i n g m o r e 

o f h is p r o d u c t a n d less o f s o m e o thers than thev w o u l d 

have taken we re the t rue costs ref leeted. 

T h e r e c a n be l i t t l e doub t that t e c h n o l o g i c a l r e l a t i o n 

s h i p s at the t r e e - g r o w i n g s tage of the t i m b e r indust ry 

a re s u s c e p t i b l e to th i s k i n d o f ex te rna l effect. T h e p r o b l e m 

a r i ses because the o u t p u t s o f forest l a n d a re s e v e r a l , a s 

we d i s c u s s e d e a r l i e r , a n d w ide l y v a r i e d in f o r m a n d geo

g r a p h i c a l i m p a c t . 

S o m e o f the ou tpu ts canno t be g i v e n a s u i t a b l e m a r k e t 

p r i c e , w h i c h m e a n s that the p r i c e sys tem c a n n o t act to 

a l l o c a t e r e s o u r c e s p r o p e r l y to t he i r p r o d u c t i o n . T h e s e 

are goods for w h i c h there exist external economies of 

production o r external economies of consumption—some

t i m e s c a l l e d public poods by the e c o n o m i s t . S o m e of the 

forest l a n d ou tpu t s , s u c h as t i m b e r r i gh t s a n d g r a z i n g 

r i g h t s , pose no s p e c i a l t h e o r e t i c a l p r o b l e m , because they 

c a n be pu t u p f o r c o m p e t i t i v e b i d on a un i t bas i s , f o r 

e x a m p l e , i n un i t s of so many b o a r d feet o f s t u m p a g e o r 

so m a n y acres of fo res t g r a z i n g l a n d f o r a season . * ' B u t 

s o m e o f the ou tpu t s , s u c h as water I i n c l u d i n g q u a n t i t y , 

q u a l i t y , f r e q u e n c y , a n d g e o g r a p h i c d i s t r i b u t i o n , a n d ex

cesses o r d e f i c i e n c i e s o f f low I o r scenery ( i n c l u d i n g , f o r 

e x a m p l e , the v i s u a l ef fects of c o m m e r c i a l e x p l o i t a t i o n o f 

l a n d s a d j o i n i n g forest h i g h w a y s ) c a n n o t be p r i c e d ade

qua te ly because they h a v e no w o r k a b l e ma rke t . T h i s 

p r o b l e m a r i s e s f o r p u b l i c g o o d s , because o n c e a g r o u p 

o f c o n s u m e r s o r p r o d u c e r s h a s o f fe red to pay e n o u g h to 

have the g o o d p r o d u c e d , then o ther c o n s u m e r s o r p r o 

d u c e r s c a n en joy the benef i ts w i thou t p a y i n g . T h e i n d i 

v i d u a l , t he re fo re , h a s an i ncen t i ve not to i nd i ca te by p o l l 

o r t h r o u g h p u r c h a s e the t r u e v a l u e to h i m of that se rv 

i ce . ' O n c e s o m e o n e e l se h a s p a i d a n d the g o o d i s p r o 

d u c e d , he e n j o y s it f ree. 

F o r e x a m p l e , a f te r a first p a r t y I p r o d u c e r o r c o n 

s u m e r ! has p a i d f o r u p s t r e a m w a t e r s h e d m a n a g e m e n t , 

then any s e c o n d pa r t y l i v i n g in the d o w n s t r e a m f l ood 

p l a i n o r u s i n g the d o w n s t r e a m water f o r v a r i o u s d o m e s t i c 

o r c o m m e r c i a l p u r p o s e s , g a i n s f ree benef i ts . O r a s e c o n d 

p a r l y may e n j o y f ree the scenery a l o n g a forest r o a d 

w h i c h s o m e first pa r t y h a d p a i d to p rese rve as a n i n s p i r 

i n g s c e n i c d r i v e . T h e i m p o r t a n c e o f these ef fects, w h i c h 

•'Namely: timber, grazing. watcrHow. recreation, and wildl i fe. 

" In actual practice the allocation of grazing land rights is not 
handled on a strictly competitive basis; we are merely discussing 
theoretical possibilities. 

'•'The problem of devising a rule for determining what price to 
put on the production of this public good or output is even 
technically severe. This class of goods has long been recognized. 
In a practical way the allocation decision is often met by putting 
the production of such goods (roads, bridges, integrated river 
basin developments, etc.) in die hands of public authorities and 
taxing all recipients of the good, theoretically in proportion to 
the benefit received from i l . In practice, of course, there is much 
maldistribution of the price or cost, and considerable argument 
often arises over the correctness of the evaluation made by ad
ministrative decision. 
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Economic theory 

c l e a r l y exist at the t r e e - g r o w i n g s tage, i s that t h e i r the-

o re t i ca l c o u n t e r p a r t s 4 " w o u l d p reven t the c o m p e t i t i v e 

e q u i l i b r i u m m o d e l f r o m r e a c h i n g o p t i m a l i t y . B e c a u s e o f 

the i nab i l i t y o f p r i c e u n d e r these c i r c u m s t a n c e s to r e a c h 

a leve l suf f ic ient ly h i g h to reflect the t rue r e l a t i v e v a l u e 

to the users of the ou tpu t , too l i t t l e of th is t ype of g o o d 

gets p r o d u c e d re l a t i ve to the a m o u n t that w o u l d be p r o 

duced at the t h e o r e t i c a l o p t i m u m . 

T h u s , p r i va te d e c e n t r a l i z e d d e c i s i o n - m a k i n g , w h i c h 

f inds t h e o r e t i c a l s u p p o r t as a n a p p r o p r i a t e m e c h a n i s m 

to h a n d l e the j o b o f a l l o c a t i n g resou rces o p t i m a l l y in 

o ther phases of the t i m b e r i n d u s t r y , l a c k s th is r a t i o n a l e 

at the t r e e - g r o w i n g stage. T h e use of s o m e f o r m o f a d m i n 

i s t ra t i ve g u i d a n c e to b a l a n c e tree g r o w i n g aga ins t the 

other va l ues of the forest seems t h e o r e t i c a l l y j u s t i f i e d i f 

the g o a l of a l l o c a t i v e ef f ic iency i s c h o s e n . 

TIMBER CONSERVATION AND 
THE COMPETITIVE MODEL 

In p o p u l a r usage conservation i s o f ten a n a m b i g u o u s 

t e rm , s t a n d i n g f o r s u c h g e n e r a l e x p r e s s i o n s as " w i s e u s e , " 

o r " t h e greatest g o o d f o r the greates t n u m b e r . " B u t w h e r e 

its intent h a s been m a d e c l e a r e r , c o n s e r v a t i o n g e n e r a l l y 

c o n n o t e s s p e c i a l t rea tment f o r s o m e p a r t i c u l a r r e s o u r c e 

o r c l a s s of r esou rces , u s u a l l y the n a t u r a l r e s o u r c e s . 4 ' T o 

s o m e , c o n s e r v a t i o n i s s a v i n g o r p r e s e r v i n g ; bu t to the 

forester , c o n s e r v a t i o n tends to m e a n i n c r e a s e d use o r m o r e 

ac t i ve m a n a g e m e n t . 

In o u r case t i m b e r c o n s e r v a t i o n w i l l be g i v e n m o r e 

s p e c i a l i z e d m e a n i n g in o r d e r that we m a y re la te i ts i m 

p l i c a t i o n s to c o m p e t i t i v e m o d e l o p t i m a l i t y . A s the theo r i s t 

m igh t de f ine it. t i m b e r c o n s e r v a t i o n is a p r o g r a m to a u g 

ment f u t u re use of the t i m b e r r e s o u r c e b e y o n d the l eve l 

that w o u l d be r eached u n d e r s o m e a l t e rna te p r o g r a m o r 

in the absence o f any d e l i b e r a t e p r o g r a m . 

T h e r e a re seve ra l t h i ngs to note a b o u t th i s d e f i n i t i o n . 

F o r one t h i n g , c o n s e r v a t i o n i s a l w a y s a p r o g r a m f o r re

sou rce a l l o c a t i o n . S e c o n d l y , the c o n s e r v a t i o n p r o g r a m , i s 

a p l a n that l o o k s ahead to the f u t u r e ; n o n e o f i t i s re

a l i z e d o r a t t a i n e d . T h i r d l y , c o n s e r v a t i o n i s a l w a y s rela

tive to s o m e o the r resou rce a l l o c a t i o n p r o g r a m , p resen t 

o r p o t e n t i a l . T h u s c o n s e r v a t i o n i s not a b s o l u t e ; i f a n y 

two p r o g r a m s a re c o m p a r e d , one w i l l r ep resen t a c o n 

s e r v a t i o n p r o g r a m , the o the r a ' d e p l e t i o n ' p r o g r a m . 

F i n a l l y , c o n s e r v a t i o n i s a p r o g r a m that p r o p o s e s to i n 

c rease fu tu re use of the r e s o u r c e i n q u e s t i o n o v e r that 

w h i c h w o u l d o c c u r i f the c o n s e r v a t i o n p l a n we re no t 

^"For example, a (mathematical) statement to the effect that some 
consumer's satisfaction depends not only upon the goods he 
chooses in the market hut also upon some other person's choice 
of goods. 

* 7 For a general discussion of conservation viewpoints, see Scott 
1371. 

a d o p t e d . C o n s e r v a t i o n of ten i m p l i e s a s t r o n g e r w e i g h t i n g 

of f a r fu tu re y e a r s r e l a t i v e to the p resen t o r nea r f u t u re 

y e a r s . ' " In o r d e r to be p r e c i s e , the s p a n of f u t u re y e a r s 

w h i c h the p r o g r a m e n c o m p a s s e s I the " p l a n n i n g h o r i 

z o n " ) s h o u l d be s p e c i f i e d . In the case o f l i m b e r , th i s 

m i g h t e x t e n d f o r seve ra l r o t a t i o n p e r i o d s . 

GENERAL APPROACHES 
TO CONSERVATION 

A c o n s e r v a t i o n p r o g r a m may be i m p l e m e n t e d in e i the r 

o f two ra the r d i f f e ren t w a y s , w i t h r e l a t i v e l y s i m i l a r eco 

n o m i c ef fects. T h e first is conservation by postponement. 

In th i s case we s i m p l y a b s t a i n f r o m use d u r i n g the pres

ent o r nea r f u t u r e so that the q u a n t i t i e s of the r e s o u r c e 

not used t o d a y m a y be a d d e d to o u r n o r m a l take in fu

tu re decades . T h e q u a n t i t i e s we a re t a l k i n g a b o u t a re 

f low q u a n t i t i e s , a l t h o u g h t h i s a p p r o a c h to c o n s e r v a t i o n 

tends to e m p h a s i z e the s tock aspec t o f the r esou rce . T h e 

a p p r o a c h f u r t h e r r e q u i r e s that the r e s o u r c e in q u e s t i o n 

be c a p a b l e o f s to rage f o r l o n g p e r i o d s w i t h o u t s i g n i f i c a n t 

d e t e r i o r a t i o n . S o t h i s k i n d o f c o n s e r v a t i o n a p p l i e s m o r e 

to m i n e r a l s than to t i m b e r . 

T h e s e c o n d a p p r o a c h is conservation by investment. 

T h i s m i g h t i n v o l v e n o r e d u c t i o n i n c u r r e n t c o n s u m p t i o n 

o f the r e s o u r c e i n q u e s t i o n , but s i m p l y a n i nc rease i n 

s o - c a l l e d r es to ra t i ve e x p e n d i t u r e s (an i nc rease i n c u r r e n t 

s p e n d i n g on i n p u t s ) that w i l l m a k e g r e a t e r q u a n t i t i e s 

a v a i l a b l e f o r use i n f u t u re yea rs . B o t h a p p r o a c h e s ac

t u a l l y m a y be used in a t i m b e r c o n s e r v a t i o n p r o g r a m i n 

p r a c t i c e , bu t the fo res te r w i l l e m p h a s i z e the s e c o n d a n d 

c o n s i d e r the first i n a p p l i c a b l e . T o the e c o n o m i s t , how

eve r , t he re a r e i m p o r t a n t w a y s i n w h i c h t h e i r r espec t i ve 

i m p a c t s on the a l l o c a t i v e e f f ic iency of the c o m p e t i t i v e 

m o d e l a re s i m i l a r . A s we t u r n to e x a m i n e the r easons f o r 

t h i s , we s h o u l d e m p h a s i z e that we a re he re d e v e l o p i n g a 

p a r t i c u l a r v i e w p o i n t o n r e s o u r c e u s e — o n e we m i g h t t e r m 

the " a l l o c a t i v e e f f ic iency v i e w p o i n t . " 

ECONOMIC IMPACT OF 
TIMBER CONSERVATION 

T i m b e r v i e w e d as a n i n p u t to the to ta l a l l o c a t i o n sys 

t em is bu t o n e k i n d of i n p u t a m o n g ' m a n y . W i t h i n the 

t i m b e r p r o d u c t i o n p r o c e s s a r e o the r c l a s s e s of i n p u t s — 

c a p i t a l e q u i p m e n t , l a b o r , m a n a g e m e n t , m a t e r i a l s , a n d 

e n e r g y — w h i c h a re as n e c e s s a r y as r a w w o o d i tse l f in 

o r d e r that any s tage of its p r o d u c t s c a n be b r o u g h t in to 

ex i s tence . T h e s a m e a p p l i e s to any o the r n a t u r a l r e s o u r c e 

o r i n d u s t r y . B y the t ime the e c o n o m y ' s f low of m a t e r i a l s 

h a s r e a c h e d the final c o n s u m p t i o n - g o o d s s tage, the suc

c e s s i v e m e r g i n g o f i n p u t s i n the v a r i o u s p r o c e s s e s has 

r e d u c e d w o o d , by a n d l a r g e , to a s e c o n d a r y c h a r a c t e r -

4 "See Ci r iacy-Wamrup 1271. 
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i s t i c ; the f o r m a n d f u n c t i o n <>f the p r o d u c t h a v e b e c o m e 

the p r i m a r y c h a r a c t e r i s t i c s a n d the ones f o r w h i c h the 

p r o d u c t is p u r c h a s e d a n d c o n s u m e d . W i t h th i s f r a m e 

w o r k in m i n d , we c a n v i s u a l i z e the essen t i a l i m p a c t of 

c o n s e r v a t i o n . 

In essence, a l l c o n s e r v a t i o n t h e o r e t i c a l l y i n v o l v e s d o i n g 

w i thou t today in o r d e r to have m o r e t o m o r r o w . In the 

case of conservation by postponement we d e c i d e to d o 

without a quantity, of w o o d that p e o p l e o t h e r w i s e w o u l d 

c o n s u m e in the y e a r s i m m e d i a t e l y a h e a d , in o r d e r to h a v e 

g rea te r a m o u n t s in the f a r f u t u r e . T h i s does not m a k e 

m u c h forestry sense, but f o r p u r p o s e s of h y p o t h e t i c a l 

a r g u m e n t , c o n s i d e r t i m b e r as a n o n - d e t e r i o r a t i n g s l o c k 

resou rce a n d say that the c o n s e r v a t i o n p r o g r a m is i ns t i 

tu ted by a g o v e r n m e n t ed ic t w h i c h r e d u c e d the a n n u a l 

timber cut by 50 pe rcen t d u r i n g the nex t ten y e a r s . T h i s 

m e a n s that h o u s e b u i l d e r s . f o r e x a m p l e , w i l l have to m a k e 

d o w i l h less w o o d in the i m m e d i a t e f u t u r e . In o r d e r to 

meet the d e m a n d f o r h o u s i n g , t h e n , g r e a t e r q u a n t i t i e s o f 

subs t i t u te m a t e r i a l s w i l l have to be p r o d u c e d , a n d per 

h a p s we w i l l c h o o s e to buy f ewe r houses because o f h i g h 

er cos ts . T h e theo r i s t , a r g u i n g f r o m the c o m p e t i t i v e m o d e l 

w o u l d s a y : e i t he r l i te p r o d u c t i o n o f these subs t i t u te 

m a t e r i a l s w i l l r e q u i r e g rea te r i n p u t s o f o t he r r e s o u r c e s 

than w o u l d have been r e q u i r e d to d o the j o b w i t h w o o d , 

o r e lse the c o n s u m e r s of houses w i l l e n d u p in a less 

s a t i s f y i n g p o s i t i o n . In e i t he r event , the p a r t i c i p a n t s in 

the e c o n o m y face ihe i m m e d i a t e p rospec t o f ge t t i ng l ess 

f o r t he i r m o n e y . T h i s h o l d s p r o v i d e d the f o r m e r p r o g r a m 

was a l ready o p t i m a l . 

Conservation by investment, on the o the r h a n d , r e q u i r e s 

n o r e d u c t i o n in the a m o u n t o f w o o d c u r r e n t l y u s e d . S u c h 

a p r o g r a m m igh t be i ns t i t u t ed , s a y , by a n act o f C o n 

gress that t r i p l e d s p e n d i n g on forest m a n a g e m e n t in 

o r d e r to boos t o u r o u t p u t o f t i m b e r f o r a l l f u t u re t i m e , 

b e g i n n i n g r i gh t n o w . B u t no te the e c o n o m i c ef fects o f 

th i s m o v e f r o m the s t a n d p o i n t of the c o m p e t i t i v e m o d e l : 

I n c r e a s i n g o u r e x p e n d i t u r e s on c u r r e n t r es to ra t i ve ma in te 

n a n c e m e a n s that we h a v e s h i f t e d s o m e i n p u t s ( s u c h as 

l a b o r a n d c a p i t a l e q u i p m e n t I i n to the t i m b e r i ndus t r y 

f r o m s o m e a c t i v i t y ou t s i de it a n d t he re fo re n e c e s s a r i l y 

h a v e r e d u c e d the q u a n t i t i e s o f s o m e other o u t p u t s that 

o u r c o n s u m e r s w o u l d have e n j o y e d . 1 " A g a i n p r o v i d e d 

that the f o r m e r s o l u t i o n w a s o p t i m a l , the s h i f t e d i n p u t s 

a r e less eff ic ient at p r o v i d i n g c o n s u m e r s a t i s f a c t i o n i n 

t i m b e r p r o d u c t s t han they w o u l d h a v e been in t h e i r fo r 

m e r uses. In t h i s case , c o n s u m e r s a l s o d o w i t h o u t , bu t 

o u t p u t s other than t imber a re the ones we d o w i t h o u t 

today in o r d e r to i nc rease o u r t i m b e r take t o m o r r o w . 

H e n c e , bo th k i n d s o f c o n s e r v a t i o n p r o g r a m , w h e t h e r 

they a r i s e f r o m : I I I a g o v e r n m e n t ed ic t to r educe c u t t i n g 

' "This argument assumes ful l employment of resources. 

of t i m b e r o r I 21 a n inc rease in g o v e r n m e n t forest m a n 

agement e x p e n d i t u r e s , a re s i m i l a r i n t h e i r b r o a d e r a l l o -

ea l i ve ef fects. In e i ther case ihe c o n s u m e r sector does w i t h 

out s o m e t h i n g t o d a y , a n d in r e t u r n it gets a n i n c r e a s e d 

s u p p l y o f t i m b e r f o r the f u t u r e . 

NATIONAL TIMBER 
CONSERVATION POLICY 

W e s h o u l d m e n t i o n in p a s s i n g that the U n i t e d S ta tes 

does have s o m e e l e m e n t s o f a n a t i o n a l t i m b e r po l i cy rep

resen t i ng n a t i o n a l ob jec t i ves . S i n c e the es tab l i shmen t o f 

the N a t i o n a l Fo res t sys tem late in the N ine teen th c e n t u r y , 

there h a s been f e d e r a l awa reness that some f o r m of spe

c i a l t rea tment of the na t i on ' s forest resou rces was de

s i r a b l e . N a t i o n a l po l i cy in th is r e g a r d is m a n y - s i d e d , 

but its bas i l - o u t l i n e s o r i g i n a t e t h r o u g h c o n g r e s s i o n a l act 

a n d a d m i n i s t r a t i v e d e c i s i o n w i t h i n the execu t i ve b r a n c h 

— i n p a r t i c u l a r w i t h i n the Fores t S e r v i c e . T h e f o l l o w i n g 

q u o t a t i o n ref lects a po l i cy view l l i a l the timber resou rce 

s h o u l d play, s o m e p r e d e t e r m i n e d r o l e in the n a t i o n a l 

e c o n o m y : 

" . . . T h e F o r e s t S e r v i c e be l i eves that the m e d i u m 

p r o j e c t i o n o f fe rs a r e a s o n a b l e a n d d e s i r a b l e ob jec 

t i ve as a mat ter of p u b l i c p o l i c y . T h i s i s so f o r t w o 

r e a s o n s : I I I It is d e s i r a b l e to g r o w a c o n t i n u i n g 

s u p p l y o f w o o d as a b a s i c a n d r e n e w a b l e r a w mate

r i a l in such amounts thai wood may continue in the 

future to occupy about the same role in the national 

economy as it does at present: a n d (21 the a m o u n t 

o f t i m b e r that mus t be g r o w n to meet the m e d i u m 

p r o j e c t e d d e m a n d is s h o w n to be r e a s o n a b l y o b 

t a i n a b l e a l t h o u g h r a p i d a c c e l e r a t i o n a n d in tens i f i ca 

t i o n o f fo res t ry w i l l be r e q u i r e d . " " 

T h e l e g a l we igh t of s u c h c o n s e r v a t i o n p o l i c y r e a l l y 

f a l l s on N a t i o n a l F o r e s t l a n d . T h i s s i t ua t i on g i ves r ise to 

s o m e p e c u l i a r i t i e s we have a l ready d i s c u s s e d , n a m e l y , 

that in to ta l n a t i o n a l impac t the c o n s e r v a t i o n ef for ts o f 

the F o r e s t S e r v i c e tend to be w e a k e n e d t h r o u g h the off

se t t i ng a c t i o n s of o w n e r s of p r i va te forest l a n d s re

s p o n d i n g to the c h a n g e d marke t s i g n a l s that c o n s e r v a t i o n 

ef for ts on p u b l i c fores t l a n d s b r i n g a b o u t . 

THEORY AND POLICY 

W e have n o w l o o k e d b r ie f l y at s o m e ideas of the 

c o m p e t i t i v e m o d e l t heo r i s t a n d s o m e w a y s in w h i c h h e 

m i g h t e x a m i n e a n d i n t e r p r e t the effect o f c o n s e r v a t i o n . 

W e have lef t m u c h u n s a i d a b o u t c o m p e t i t i v e e q u i l i b r i u m 

t h e o r y , but we 've s a i d e n o u g h to i n d i c a t e a few g e n e r a l 

'"'Forest Service, Timber Resources for America's Future 1391, p. 
16. italics added by the author. 
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Economic theory 

p o l i c ) p r e s c r i p t i o n s the theor is t m i g h t m a k e , s t e m m i n g 

f r o m h is t rea tment of a l l o c a t i o n sys tems . 

O n e of h is most f u n d a m e n t a l po l i cy p o s i t i o n s i s that 

Where t h e c o m p e t i t i v e m o d e l i d e a l is c lose ly a p p r o x i m a t e d , 

p r i va te en te rp r i se firms a c t i n g as i n d e p e n d e n t , p ro f i t -

seek ing d e c i s i o n m a k e r s cons t i tu te a v e r y eff ic ient ar 

rangement f o r m a k i n g d e c i s i o n s abou t r e s o u r c e a l l o c a 

t i o n . F u r t h e r m o r e , th i s sort of a r r a n g e m e n t w o u l d he 

a p p l i c a b l e to m u c h of o u r n a t i o n a l e c o n o m y , i n c l u d i n g 

f o r e x a m p l e , the p r o c e s s i n g l eve l of the t i m b e r i n d u s t r y . 

A t the t r e e - g r o w i n g s tage, h o w e v e r , such an i n s t i t u 

t i o n a l a r r a n g e m e n t w o u l d not p r o d u c e qu i t e the r i gh t de

c i s i o n s to meet the theo r i s t ' s i dea o f o p t i m a l i t y f o r the 

r e a s o n s w e ' v e d i s 

c u s s e d . It c o u l d on ly 

p r o d u c e o p t i m a l i t y if 

there we re s o m e ove r 

r i d i n g e x t e r n a l c o n t r o l 

to i n d u c e the sys tem 

to o p e r a t e the way it 

" o u g h t t o . " S o the c o m 

pe t i t i ve theo r i s t sees a 

r a t i o n a l e f o r s o m e gov -

ernment r o l e i n t h e 

t r e e - g r o w i n g p h a s e , 

w h e t h e r it be o w n e r 

s h i p o r r e g u l a t i o n . In p r a c t i c e , of c o u r s e , v i r t u a l l y a l l 

western na t i ons d o regu la te fores t ry i n s o m e w a y . 

Bu t ou r c o m p e t i t i v e theor is t w o u l d m a i n t a i n that the 

gove rnmen t s h o u l d ope ra te , o r i n f l uence the forest sec tor 

to opera te , as w o u l d a c o m p e t i t i v e d e c i s i o n a p p a r a t u s if 

it were s o r i g g e d as to r e s p o n d c o r r e c t l y to a l l the nec

essary p r i c e s i g n a l s . In thus i d e a l i z i n g the c o m p e t i t i v e 

s o l u t i o n , o u r theor is t m i g h t q u a r r e l w i th c u r r e n t n a 

t i o n a l forest p o l i c y . B a s e d on h i s p r e m i s e that inves tment 

f unds s h o u l d How on ly to those ac t i v i t i es w h i c h p r o m i s e 

the h ighes t r e t u r n , a n d j u d g i n g by the fact that the 

expec ted re tu rn on so m u c h o f the inves tment is so l o w . 

be w o u l d p r o b a b l y sav that we a re pu t t i ng too m u c h em

phas i s on l i m b e r p r o d u c t i o n . A s a resul t h is p o l i c y rec

o m m e n d a t i o n w o u l d be to r educe s p e n d i n g o n fo res ts . 

T h e theor is t m igh t t h e n , w i t h the use of h i s c o m p e t i 

t i ve m o d e l , t race out the p r o b a b l e c o n s e q u e n c e s of s u c h 

a d e c i s i o n : We c o u l d expec t r e d u c e d a v a i l a b i l i t y o f 

s t u m p a g e in the fu tu re , a n d c o n s e q u e n t l y I f o r any g i v e n 

t echno logy a n d state o f c o n s u m e r tastes) the r e l a t i v e 

p r i c e of s t u m p a g e c o u l d be e x p e c t e d to r i se . A t s o m e 

po in t , s t u m p a g e p r i ces w o u l d be h i g h e n o u g h to ra i se 

the expec ted rate of r e t u r n on forest m a n a g e m e n t u n t i l 

it reached c o m p e t i t i v e l eve l s . A t that po in t t o r in a d 

vance of it. but in a n t i c i p a t i o n of it I p r i va te o w n e r s a n d 

the g o v e r n m e n t f o l l o w i n g a n inves tment r e t u r n c r i t e r i o n , 

w o u l d be i n d u c e d to i n v e s t — b u t on ly u p to the l i m i t s o f 

c o m p e t i t i v e ! ) d i c ta ted r e t u r n . T h i s , a c c o r d i n g to the 

theo r i s t , w o u l d p r o d u c e just 111«* " r i g h t " b a l a n c e o f w o o d 

p r o d u c t s in relation to o ther p roduc t a l te rnat ive 's o p e n 

to the economy. \ i i c l best of a l l . h i ' m igh t c o n c l u d e , the 

q u e s t i o n of how m u c h t i m b e r to p r o d u c e w o u l d now be 

set t led ' " i m p a r t i a l l y " b) the c o m p e t i t i v e a l l o c a t i o n sys

t e m , a n d we w o u l d n o l o n g e r h a v e to m a k e a r b i t r a r y 

j u d g m e n t s a b o u t the a m o u n t of effort to app l y to the 

t i m b e r sec to r . 

" N o t so," the t i m b e r c o n s e r v a t i o n i s t w o u l d r e p l y . 

J o i n e d in h is pro tes t by many e c o n o m i s t s , he w o u l d 

g o on to c h a l l e n g e the c o n t e n t i o n that the c o m p e t i t i v e 

m o d e l resu l t i s t ru ly i m p a r t i a l : A n a t i o n a l p o l i c y , o u r 

Conse rva t i on i s t w o u l d po in t out . is not just fo r the l i v i n g , 

but a l s o f o r g e n e r a t i o n s yet u n b o r n . T h e c o m p e t i t i v e re

su l t , w i th its heavy d i s c o u n t on the f u t u re does not g i ve 

suff ic ient we igh t to f u t u re g e n e r a t i o n s . F u r t h e r m o r e , s ince 

we d o not suf f ic ient ly u n d e r s t a n d the present r a n g e o f 

t e c h n o l o g i c a l p o s s i b i l i t i e s in the p r o d u c t i o n of forest 

ou tpu t s , let a l o n e h o w w e l l f u tu re t echno logy c a n keep 

us s tocked w i t h n o n - w o o d k i n d s o f m a t e r i a l s , we s i m p l y 

canno t a f f o rd to be a n y t h i n g but conservative in o u r 

p l a n n i n g . F o r e s t s a re l o g i c a l c a n d i d a t e s f o r c o n s e r v a t i o n 

measu res d e s i g n e d to m a i n t a i n t h e i r i nhe ren t p r o d u c 

t i v i t y , because they represent one of the few m a j o r raw 

m a t e r i a l s o u r c e s that a r e p e r p e t u a l l y r e n e w a b l e in 

n a t u r e . 0 1 

T h e c r i t i c s of c o m p e t i t i v e o p t i m a l i t y m igh t r a i s e o the r , 

m o r e t e c h n i c a l a r g u m e n t s . They m i g h t c h a l l e n g e the 

o p t i m a l i t y c r i t e r i o n used i n the c o m p e t i t i v e m o d e l as 

f a l l i n g fa r shor t of a d e s i r a b l e s o c i a l w e l f a r e c r i t e r i o n — • 

it is ind i f fe ren t to the d i s t r i b u t i o n of i n c o m e , fo r e x a m p l e . 

Thev c o u l d a l s o ob jec t that the c o m p e t i t i v e theor is t i s 

not l o g i c a l l y e n t i t l e d to a p p l y h is p r e s c r i p t i o n s to parts 

o f a s y s t e m w h e n it i s k n o w n that o t he r sec tors o f the 

sys tem a re sub jec t to d i s t o r t ed o r n o n - c o m p e t i t i v e re

l a t i o n s h i p s l a n d many s u c h sec to rs c o u l d be i d e n t i f i e d in 

the U n i t e d States e c o n o m y t o d a y ) . C l e a r l y , w h e n theo ry 

m o v e s to the p o l i c y f r on t , there a r i s e a n u m b e r o f c o n 

flicts w h i c h c a n be r e s o l v e d on ly by r e c o u r s e to j u d g 

ments ou t s i de the r e a l m o f the t heo r i es t hemse lves . 

REGIONAL DEVELOPMENT VIEWPOINT 
T h e r e g i o n a l I l o c a l I d e v e l o p m e n t v i e w p o i n t p r o 

v ides a n i n s t r u c t i v e con t ras t to bo th the p o s i t i o n s we 

have c o n s i d e r e d . T h e a c t u a l r e c o m m e n d a t i o n s o f r e g i o n a l 

d e v e l o p m e n t p r o p o n e n t s a b o u t t i m b e r r e s o u r c e use w i l l 

d i f fe r f r o m one a rea to a n o t h e r , d e p e n d i n g pa r t l y o n 

whe the r the a r e a is a net e x p o r t e r o r a net i m p o r t e r of 

t i m b e r m a t e r i a l s . S i n c e o u r r e g i o n is a net s u r p l u s a r e a . 

'The extreme condition of deforested and eroded slopes in many 
Mediterranean countries is often cited as an example of the kind 
of legacy this nation has an obligation to avoid. 
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l o c a l in terest n a t u r a l l y tends to f a v o r a m a x i m u m of 

l o c a l a c t i v i t y based on the forest r e s o u r c e p resent . 

F o r e x a m p l e , the f o r e s t S e r v i c e es t imates p resen ted 

e a r l i e r i n d i c a t e d that the fo res ts of M o n t a n a a re c a p a b l e 

o f s u p p o r t i n g 2 8 , 0 0 0 m a n - y e a r s a n n u a l l y in p r i m a r y 

p r o d u c t i o n stages a n d p e r h a p s a n a d d i t i o n a l 1-1.000 m a n -

y e a r s a n n u a l l y in secondary m a n u f a c t u r e based o n ex

i s t i ng leve ls of p r o d u c t i v i t y . S u c h a l eve l of e m p l o y 

ment , i f a t t a i n e d , w o u l d rep resen t a f o u r f o l d i n c r e a s e 

o v e r 1957 l eve l s . L o c a l in terest w o u l d seem to be o p 

t i m a l l y se rved by a po l i cy that w o u l d p r o m o t e a t t a i nmen t 

of the m a x i m u m , f o r th is w o u l d i n f use a m a x i m u m c o m 

mun i ty i n c o m e f low t h r o u g h e m p l o y m e n t a n d other pur 

chases by t i m b e r p r o c e s s i n g firms, a n d t h r o u g h s u p p o r t 

i n g se rv i ces a n d re la ted c o m m u n i t y a c t i v i t y . 

M o r e t e c h n i c a l l y , i d e a l a l l o c a t i o n f r o m the l o c a l v i ew

po in t m igh t be that w h i c h a c h i e v e s a maximum p o s s i b l e 

v a l u e f o r the i n p u t s to the p r o d u c t i o n p rocess . F r o m 

s o c i e t y ' s s t a n d p o i n t , h o w e v e r , th i s m a y be l o o k i n g at it 

the w r o n g way a b o u t : M a n - h o u r s a n d e q u i p m e n t - h o u r s 

a l l o c a t e d to t i m b e r p r o d u c t i o n a re c o s t s : society w a n t s 

to o b t a i n its needed w o o d s u p p l y w i t h a minimum of 

costs . T h u s , the fewer un i t s o f l a b o r a n d c a p i t a l r e s o u r c e s 

that c a n be a l l o c a t e d to o b t a i n a g i v e n t i m b e r o u t p u t , the 

be l ter . A s the e c o n o m i s t w o u l d e m p h a s i z e , it is the uses 

to w h i c h l i m b e r p r o d u c t s a re put that soc ie ty w a n t s to 

o b t a i n t h r o u g h its a l l o c a t i o n s y s t e m : c o n s e q u e n t l y , o t he r 

m a t e r i a l s l o r even ideas f o r bet ter m a t e r i a l s use ) m a y 

i nd i r ec t l y r e p l a c e " m a n - h o u r s in M o n t a n a o r S o u t h 

D a k o t a t i m b e r " to f i l l m o r e e f fec t i ve l y s o c i e t y ' s wan ts . 

T h u s , a f u n d a m e n t a l con f l i c t c a n ex i s t be tween the 

w e l f a r e of a r e g i o n as v i e w e d l o c a l l y a n d the w e l f a r e o f 

the l a r g e r e c o n o m y o f w h i c h the r e g i o n i s a pa r t / ' " T h e 

l o c a l v i e w o f a n i d e a l s o l u t i o n to the a l l o c a t i o n p r o b l e m 

m a y , we repea t , be ve ry d i f fe ren t f r o m e i t he r that o f the 

a l l o c a t i v e e f f ic iency o r the c o n s e r v a t i o n v i e w p o i n t . 

CONCLUSION: THE PROBLEM OF BALANCE 

By way o f c a p s u l e s u m m a r y , we m i g h t con t ras t the 

th ree v i e w p o i n t s we have n o w e x a m i n e d : T h e t i m b e r 

c o n s e r v a t i o n v i e w p o i n t p l a c e s i t s e m p h a s i s u p o n the 

outputs of a s i n g l e n a t u r a l r esou rce i n d u s t r y a n d tends to 

b u i l d its c r i t e r i o n o f e x c e l l e n c e a r o u n d the a c h i e v e m e n t 

of c e r t a i n p h y s i c a l p r o d u c t i o n g o a l s w i t h respec t to 

these o u t p u t s . T h e r e g i o n a l d e v e l o p m e n t v i e w p o i n t , o n 

the o ther h a n d , stresses inputs to the p r o d u c t i v e p r o c e s s 

a n d c o n s i d e r s a s u i t a b l e o b j e c t i v e to be the a t t a i n m e n t 

o f m a x i m u m s p e n d i n g on these i n p u t s w i t h i n the geo -

•"'-'Mucli of the essential substance of this argument also can be 
applied to the arguments advanced for protection against com
petition from imported lumber—it is eminently rational from the 
standpoint of interests which have been hurt, but is not broadly 
rational to society from the standpoint of the proponents of 
allocative efficiency. 

g r a p h i c a rea c o n c e r n e d . F i n a l l y , the a l l o c a t i v e eff ic iency 

v i e w p o i n t p l a c e s i ts s t ress u p o n a system w h i c h w o u l d 

s u p p o s e d l y a c h i e v e s o m e sor t o f o b j e c t i v e b a l a n c e a m o n g 

o u t p u t s an i l i npu t s o f all p r o d u c t i v e p rocesses , t h r o u g h 

s o m e m e c h a n i s m , la rge ly that of p r i ce . 

T h e th ree v i e w p o i n t s , as we have s a i d , a re In p o t h e t i c a l . 

O t h e r s m igh t be d e v e l o p e d . In the everyday w o r l d , p ro 

p o s a l s a n d d i s c u s s i o n about a l l o c a t i o n a n d c o n s e r v a t i o n 

q u e s t i o n s usua l l y c o n t a i n a b l e n d — a n d s o m e t i m e s a n i n 

c o n g r u o u s m i x t u r e o f these a n d o ther c o n s i d e r a t i o n s . 

O u r p u r p o s e has been to e x p l o r e resou rce a l l o c a t i o n 

in t heo ry . S e v e r a l t heo re t i ca l c o n c e p t s we re presented to 

h e l p de f ine the ra

t i o n a l s t r u c t u r e o f 

th ree m a j o r p r e v a i l i n g 

v i e w s , a n d to u n c o v e r 

t h e u l t i m a t e v a l u e 

j u d g m e n t s on w h i c h 

the i r respec t i ve s u p 

p o r t i n g a r g u m e n t s a r e 

b a s e d . P r e s c r i p t i o n s 

f o r p o l i c y a r i s i n g f r o m 

the three v i e w p o i n t s 

m a y b e u l t i m a t e l y 

i r r e c o n c i l a b l e i n 

t e rms of l o g i c , because thev en ta i l b a s i c d i f fe rences i n 

values abou t how resource a l l o c a t i o n ought to be h a n 

d l e d . N e v e r t h e l e s s , the effort to tease out the na tu re o f 

t h e i r l o g i c a l r e l a t i o n s h i p s can h e l p to c l e a r away pseudo-

p r o b l e m s a n d to b r i n g the r e a l issues in to c l e a r e r f o c u s . 

T h e r e g i o n a l d e v e l o p m e n t v i e w p o i n t i s not a s e r i o u s c o n 

tender f o r i n c l u s i o n in a r a t i o n a l p u b l i c p o l i c y , s i n c e 

its p r e s c r i p t i o n s q u i c k l y r educe to absurd i t y if c a r r i e d 

to t he i r l o g i c a l ex t r eme . It is in the a r e n a between ob

j ec t i ves o f a l l o c a t i v e eff iciency a n d ob jec t i ves of t i m b e r 

c o n s e r v a t i o n that the b a s i c p r o b l e m of r e c o n c i l i a t i o n 

l i es , r e q u i r i n g f u r t h e r t h e o r e t i c a l w o r k . 

O n e o f the p r o b l e m s the c o n s e r v a t i o n v i e w p o i n t faces , 

f o r e x a m p l e , a r i ses f r o m the re l a t i v i t y of c o n s e r v a t i o n . 

T h i s is the p r o b l e m o f s e l e c t i n g a n a p p r o p r i a t e degree o f 

c o n s e r v a t i o n . In the q u o t a t i o n c i ted e a r l i e r the F o r e s t 

S e r v i c e p r o p o s e d that in the f u t u re w o o d s h o u l d have 

the s a m e r e l a t i v e s h a r e i n the e c o n o m y that it has today . 

B u t the q u e s t i o n s that c o n t i n u e to l u r k in the b a c k g r o u n d 

of a n y d e c i s i o n o f th i s so r t a r e , " W h y p r e s c r i b e j us t 

that m u c h i m p o r t a n c e f o r t i m b e r ? . . . W h y not a l i t t l e 

b i t m o r e ? . . . O r a l i t t l e b i t l e s s ? " 

O t h e r , m o r e p r a c t i c a l d i f f i cu l t i es s t i l l h i nge a r o u n d the 

s i de effects o f a n a t i o n a l t i m b e r p o l i c y that a p p l i e s o n l y 

to p u b l i c l y o w n e d l a n d s . P o l i c y - o f f s e t t i n g reac t i ons o n 

n o n - p u b l i c fores t l a n d , i n d u c e d t h r o u g h the e c o n o m i c 

m e c h a n i s m in r es pons e to F o r e s t S e r v i c e a c t i o n , m i g h t 

w e l l rece ive f u r t h e r s t u d y . 
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Economic theory 

T n the e c o n o m i c theor is t the c h a l l e n g e to c r i t i c a l s tudy 

of the resource a l l o c a t i o n m o d e l is e q u a l l y s t r o n g . D e v e l 

opmen t of s u b s t a n t i a l theory in the a rea of r e s o u r c e a l 

l o c a t i o n w h i c h c o u l d a c c o m m o d a t e s u c h q u e s t i o n s as the 

r o l e a n d f u n c t i o n of t e c h n o l o g i c a l c h a n g e a n d the 

" p r o p e r " w e i g h t i n g of the w e l f a r e o f f u t u re g e n e r a t i o n s , 

w o u l d he d e s i r a b l e . If g e n e r a l a l l o c a t i o n t heo ry is to 

be accep ted as a use fu l t oo l by the pol icy, f o r m u l a t o r , i t 

must d e v e l o p as a m o r e s o p h i s t i c a t e d r e p r e s e n t a t i o n o f 

the r e a l w o r l d , a b l e to a c c o u n t f o r m a j o r p r a c t i c a l ab 

e r r a t i o n s in o u r n a t i o n ' s e c o n o m i c sys tem t o d a y . 

A s we p r o m i s e d at its outset , the tone o f th i s f i n a l par t 

of o u r study has been re f lec t i ve , a n d i ts content abs t rac t 

a n d t h e o r e t i c a l . I ts most s i g n i f i c a n t ' c o n c l u s i o n s ' a re 

m e r e l y the q u e s t i o n s it may f o r c e us to ra i se abou t o u r 

c o n v e n t i o n a l Ways of l o o k i n g at f a m i l i a r t h i n g s , a n d 

the c h a l l e n g e to f u r t h e r o u r u n d e r s t a n d i n g o f the f a n 

tas t i ca l l y c o m p l e x e c o n o m i c m a c h i n e r y that se rves us. 
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APPENDIX A MECHANICS OF MEASURING WOOD VOLUME 

T h r e e c o m m o n un i t s of m e a s u r e m e n t a r e the c u b i c 

foot , the b o a r d foot , and the c o r d . By d e f i n i t i o n , a cubic 
fool con ta i ns the a m o u n t of w o o d i l l u s t r a t e d in the f o l l o w 

ing f igure . W o o d in t rees, o f c o u r s e , o c c u r s in the f o r m 

nf s tem, b r a n c h a n d t w i g c y l i n d e r s , o f ten t a p e r e d , s l i gh t l y 

c u r v e d , a n d o v a l f a t h e r 

than c i r c u l a r in c r o s s sec

t i o n ; so the v o l u m e of a 

tree has to l ie c a l c u l a t e d 

as a c u b i c e q u i v a l e n t 

g i v e n the d i a m e t e r i n s i d e 

the b a r k , the l e n g t h , the 

t a p e r a n d o the r p r o p e r 

t ies. T h e c a l c u l a t i o n is a 

p r o b l e m in geomet ry a m i 

mos t o f ten is h a n d l e d by 

use o f p r e p a r e d t ab les . 

T i m b e r v o l u m e measu remen ts f o r any g i v e n forest 

t ract w i l l coun t o n l j par t of the w o o d ac tua l l y p resent , 

but not a l l o f it. M e a s u r e m e n t i s based o n t r a d i t i o n a l 

c o m m e r c i a l p r a c t i c e s : o idy the par ts that n o r m a l l y w o u l d 

be r e m o v e d f o r c o m m e r c i a l use a re c o u n t e d . T h u s 

measurement is l i m i t e d to those trees l a rge r than l i ve 

inches in d i a m e t e r at breast he igh t i d . b . h . ) . F u r t h e r m o r e , 

w i t h i n th i s s ize c l a s s o f t rees o n l y the w o o d c o n t a i n e d i n 

the m a i n s tem I t r u n k I f r o m s t u m p he igh t u p to a cer

ta in m i n i m u m d i a m e t e r 

i say f o u r i n c h e s ! i s 

c o u n t e d . T h u s the w o o d 

I a I in the s t u m p a n d 

roots , l b ! in the b r a n c h e s , 

a n d ( c l a b o v e the po in t 

where the t a p e r e d s tem 

reaches l o u r i nches in 

d i a m e t e r is e x c l u d e d . B y 

c o n v e n t i o n , t hen , p e r h a p s 

3 0 to 10 percen t of the 

w o o d subs tance p h y s i 

ca l l y present in a fo res t 

t ract i s not c o u n t e d in 

v o l u m e es t imates . 

O b v i o u s l y , v o l u m e f ig

ures f o r any la rge forest 

a rea c o u l d not be o b t a i n e d 

by m e a s u r i n g every t ree. 

T h e y a re i ns tead the re

su l t of s a m p l i n g p roce 

d u r e s whe re a c t u a l meas

u remen ts a re m a d e o n 

se lec ted sca t te red p l o t s of 

wood port ion 
counted in 
surveys of 
stand volume 

p e r h a p s I 5 -ac re e a c h : a n d the to ta l f o r the forest 

is es t ima ted by s ta t i s t i ca l m e t h o d s . H e n c e , the p u b l i s h e d 

f igu res a re approximations to the t rue v o l u m e s so de

f i ned , a n d w h i l e they w i l l c o m e f a i r l y c l o s e f o r b r o a d 

c a t e g o r i e s , they necessar i l y i n v o l v e s o m e s a m p l i n g e r r o r . 

\ e w da ta are p e r i o d i c a l l y a c q u i r e d , a n d forest v o l u m e 

es t imates are rev i sed accordingly. 

T h e s e c o n d c o m m o n un i t o f m e a s u r e m e n t , the hoard 

fool, is s l i gh t l y t r i c k i e r in concept. It c a n be v i s u a l i z e d in 

p h y s i c a l t e r m s as the 

quan t i t y o f w o o d in a 

b o a r d one i n c h t h i c k 

a n d one foot s q u a r e . 

H o w e v e r , w h e n the meas

u r e is a p p l i e d to s tands 

o f t i m b e r , it has severa l 

p e c u l i a r i t i e s a l s o g r o w i n g out of c o m m e r c i a l p r a c t i c e s . 

F i r s t , the m e a s u r e is a p p l i e d only to a s p e c i a l s i z e - c l a s s 

o f t i m b e r c a l l e d sawtimber. A l l t rees o v e r five inches 

d .b .h . . c o l l e c t i v e l y c a l l e d growing stock, a r c s u b d i v i d e d 

in to two c a t e g o r i e s : t rees f ive i n c h e s to e leven i nches 

d . b . h . a re c a l l e d poletimber, a n d trees e l e v e n i nc hes a n d 

m o r e d . b . h . a re c a l l e d sawtimber. T h e la t te r c a t e g o r y 

ref lects o l d e r c o m m e r c i a l usages , w h e n trees less t han 

e leven i nc hes d . b . h . we re not c o n s i d e r e d l a r g e e n o u g h to 

s a w i n to l u m b e r , but were though t s u i t a b l e o n l y a s 

p o l e s , pos ts , a n d o the r r o u n d w o o d t i m b e r s . T h i s d i s t i n c 

t i on i s n o l o n g e r c o m m e r c i a l l y t rue , a n d newer t i m b e r 

v o l u m e es t ima tes h a v e s h i f t e d the l o w e r l i m i t s o f saw-

t i m b e r d o w n to n i n e i nc hes d .b .h . 

F u r t h e r m o r e , the board fool v o l u m e figures f o r a 

s a w t i m b e r t ree d o not est imate' to ta l w o o d v o l u m e w i t h i n 

the s p e c i f i e d p o r t i o n s o f the t ree as d o c u b i c foot figures; 

i n s t e a d , they a re es t ima tes o f the b o a r d foot v o l u m e o f 

l u m b e r tha t c a n be sawed f r o m logs w h e n r u n t h r o u g h 

the s a w m i l l . B o a r d foo t v o l u m e es t ima tes a re m a d e i n 

d i rec t l y f r o m m e a s u r e m e n t s of tree d i a m e t e r a m i he ight 

to the u p p e r l i m i t o f the s a w l o g p o r t i o n o f the t ree I the 

p o r t i o n u p to a d i a m e t e r that m a y v a r y f r o m a b o u t s i x 

i n ch e s f o r s m a l l t rees to twen ty - two i n c h e s f o r l a r g e 

t r e e s ) , u s i n g one of s e v e r a l c o n v e r s i o n s c a l e s i n use. 

T h e sca le used i n the F o r e s t S e r v i c e figures p resen ted 

h e r e , is c a l l e d " t h e I n t e r n a t i o n a l ' / i - i n c h K e r f L o g S c a l e . " ' 

It e s t ima tes h o w m u c h s t a n d a r d 

l u m b e r c a n be cu t f r o m a n i d e a l 

c y l i n d r i c a l l o g u s i n g a s a w that 

c h e w s u p a ' / ( - i n c h w i d e s l i c e 

(kerf) f o r each cu t m a d e t h r o u g h 

the l o g . F u r t h e r , a n a l l o w a n c e 

is m a d e f o r v i s i b l e de fec t ( r o t 
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o r s c a r s I on the s a w i n g p o r t i o n of the tree. T h e b o a r d 

foot v o l u m e o f a t ree. t hen , is c a l c u l a t e d by t a k i n g 

m e a s u r e m e n t s o f t ree d i m e n s i o n s a n d r e f e r r i n g to s t and 

a rd tab les that es t imate the l u m b e r y i e l d . 

But a n o t h e r i m p o r t a n t fea ture in the p r a c t i c a l c o m 

m e r c i a l a p p l i c a t i o n s o f l o g sca les a r i ses f r o m the fac t 

that most l ogs a re not per fec t c y l i n d e r s , but a r e s l i gh t l y 

t ape red a n d of ten o v a l in c r o s s s e c t i o n . T h e d i a m e t e r 

taken in m e a s u r i n g p r a c t i c e is u s u a l l y the shor tes t o n e . 

a n d as a resu l t the s a w m i l l o p e r a t o r is a b l e to squeeze 

out a few e x t r a b o a r d s a n d so p r o d u c e a g rea te r n u m b e r 

of b o a r d feet of l u m b e r t han is a c t u a l l y p r e d i c t e d by 

use of the l o g sca le . T h e e x t r a i s c a l l e d overrun a n d is an 

everyday e x p e r i e n c e in l u m b e r p r o d u c t i o n . T h e a m o u n t 

o f o v e r r u n v a r i e s w i t h the p a r t i c u l a r m i l l i n g p r a c t i c e s , 

d i a m e t e r of the l o g s b e i n g s a w e d , a n d the l o g s c a l e u s e d . 

F o r e x a m p l e , c u t t i n g m o r e 2 - i n c h s tock I i n con t ras t to 

I - inch b o a r d s I w i l l save k e r f a n d b u i l d u p o v e r r u n . 

In wes te rn M o n t a n a , u s i n g the I n t e r n a t i o n a l ' . / f i n c h L o g 

S c a l e , o v e r r u n ave rages abou t 15 percen t o f the v o l u m e 

cu t . O t h e r sca les c o m m o n l y used a r e the S c r i b n e r S c a l e 

w h i c h g i ves es t imates of b o a r d foo t v o l u m e a b o u t 5 to 12 

percen t less t han does the I n t e r n a t i o n a l V j - i n c h L o g 

S c a l e : a n d the D o y l e S c a l e w h i c h es t imates a n e v e n 

s m a l l e r v o l u m e , hence , a n o v e r r u n c o n s i d e r a b l y g rea te r . 

Because of the inherent a m b i g u i t i e s of these t r a d i t i o n a l 

b o a r d foot m e a s u r e s as i n d i c a t o r s of fo res t v o l u m e , c o n 

s i d e r a t i o n h a s been g i v e n to a n i m p r o v e d sys tem o f 

measu res that w o u l d p e r m i t m o r e m e a n i n g f u l i n v e n t o r ] 

d e t e r m i n a t i o n f o r forest m a n a g e m e n t p l a n n i n g . 

F i n a l l y , the cord is a g r o s s m e a s u r e of t i m b e r v o l u m e , 

usua l l y a p p l i e d to p o l e t i m b e r , based on ear ly c o n v e n t i o n 

i n s t a c k i n g l o g s . A 

c o r d o f w o o d b y t r a d i 

t i o n a l m e a s u r e m e n t is 

the a m o u n t o f w o o d 

in a p i l e o f e igh t -

foot l ogs s t a c k e d f ou r 

feet h i g h a n d f o u r feet 

w i d e . N a t u r a l l y the 

a m o u n t of w o o d present i n a s tacked c o r d w i l l v a r y de

p e n d i n g on w h e t h e r b a r k is present o r not , h o w th ick the 

b a r k i s , i f p resent , a n d the s h a p e l a n d to s o m e extent , 

s i ze ) of the l o g s . A s a r o u g h ave rage , one c o r d o f p o l e -

t i m b e r c o n t a i n s a p p r o x i m a t e l y 8 5 c u b i c feet of w o o d as 

m e a s u r e d by the l o g sca le d i s c u s s e d a b o v e . 

APPENDIX B MECHANICS OF MEASURING GROWTH RATES 

T h e c o n v e n t i o n a l un i t s o f v o l u m e m e a s u r e m e n t a re 

used in m e a s u r i n g g r o w t h ra l es , w h e t h e r f o r an i n d i v i d u a l 

t ree o r a n e n t i r e forest a r e a . F o r agg rega te g r o w i n g 

s tock , a n d f o r p o l e t i m b e r s e p a r a t e l y , g r o w t h i s u s u a l l y 

m e a s u r e d i n cubic feet per year o r in cords per year; 

these two m e a s u r e s take a c c o u n t of the t o ta l v o l u m e o f 

a d d i t i o n s to r o u n d w o o d w i t h i n the m e r c h a n t a b l e p o r 

t i o n of the e l i g i b l e t rees. G r o w t h s o m e a s u r e d c o m e s f r o m 

two s o u r c e s : l a ) the a d d i t i o n o f w o o d g r o w t h r i n g s i n 

c l u d i n g he igh t g r o w t h to e x i s t i n g l i v e t rees in the five-

i n c h a n d l a r g e r c a t e g o r y , a n d I b I the e n t r y of n e w t rees 

i n to the s m a l l e n d of the s i ze c a t e g o r y , c o u n t i n g the 

w h o l e o f t h e i r m e r c h a n t a b l e c u b i c v o l u m e f o r the first 

t ime . 

S a w t i m b e r g r o w t h ra tes a re m e a s u r e d in t e rms o f board 

feel per year a n d c o u n t o n l y the g r o w t h on s a w t i m b e r 

s i ze t rees, i .e., t rees 11 i n c h e s d . b . h . a n d l a r g e r . T h e 

m e a s u r e i s no t a t r ue assessment o f the t o ta l c u b i c v o l u m e 

a d d e d i n the m e r c h a n t a b l e p o r t i o n o f these t rees. I ns tead 

it is a n es t imate of the n u m b e r of b o a r d feet o f l u m b e r 

that c a n be cu t f r o m the a d d e d l o g v o l u m e a c c o r d i n g to 

the c o n v e n t i o n a l s c a l e o f c o n v e r s i o n . A s we i n d i c a t e d , 

u s i n g the I n t e r n a t i o n a l ' / i - i n c h K e r f L o g S c a l e , th i s 

es t imate tends to u n d e r s t a t e s l i g h t l y the t rue v o l u m e o f 

l u m b e r w h i c h w o u l d be m e a s u r e d i n the y a r d a f te r the 

l ogs a r e cu t . S a w t i m b e r g r o w t h a l s o m a y c o m e f r o m t w o 

s o u r c e s : l a l m e a s u r e m e n t of a d d i t i o n s to the g i r t h a n d 

he igh t o f e x i s t i n g l i v e t rees a l r e a d y in the s a w t i m b e r ca te

g o r y , a n d t b l a ta l ly o f a l l of the s c a l e d b o a r d foot v o l 

u m e in t rees w h i c h have g r a d u a t e d f r o m the p o l e t i m b e r 

ca tegory d u r i n g the yea r . 

T r e e g r o w t h rates a re es t ima ted by e x a m i n i n g tree 

r i n g s . B o r i n g s f r o m s a m p l e d t rees g i v e the t h i c k n e s s o f 

t ree r i n g s . C o m b i n i n g these m e a s u r e m e n t s w i th the 

d i a m e t e r o f t ree a n d to ta l l eng th o f the m e r c h a n t a b l e 

p o r t i o n , a n es t imate o f the v o l u m e a d d e d d u r i n g a g i v e n 

n u m b e r o f recen t y e a r s ( a n d hence a v e r a g e a n n u a l 

g r o w t h ra te I c a n be o b t a i n e d . I n g r o w t h , o r the a d d i t i o n 

of p r e v i o u s l y t o o - s m a l l t rees in to the s ize ca tego ry i n 

q u e s t i o n m a y be es t ima ted by s u r v e y s of s a m p l e p l o t s 

i n the fo res t . 

(el)-
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APPENDIX C MECHANICS OF A LOGGING OPERATION 

Logging operations have the principal task of convert
ing Stumpage I that is. trees standing on the stump in the 
forest I into lops of appropriately selected species and 
sizes delivered to the mill or other user. Some loggers 
may Operate as independent firms (called a gyppo in the 
trade I. buying stumpage. labor, equipment, and the other 
inputs, and in turn producing and delivering logs to a 
buyer, usually a sawmill, located some distance from 
the site of cutting. In the process an assortment of other 
outputs (including tops of trees, stumps, slash, and other 

Char t 1 — Setup of typ ica l g y p p o logger 

i 

logging residues left in the forest; roads and logging 
trails: and possibly some disturbance of undergrowth 
and ground cover I is also produced. 

We have illustrated the basic woods operation in Chart 
I for a representative small firm from the Bitterroot 
area of western Montana. Stumpage in this particular 
operation has been purchased from the Forest Service. 
The trees to be cut under this sales contract are marked 
by the Forest Service i usually after the sale has been 
made I. The contract specifies where and what quality 

roads are to be constructed, 
provisions for handling 
slash, tops and other resi
dues left from logging, and 
methods of felling and han
dling trees. 

This operation is con
ducted in a rugged mountain
ous terrain. One bulldozer 
and its operator are engaged 
in building or improving the 
necessary logging roads in 
advance of the logging itself. 
Two sawyers, who in this 
case are independent subcon
tractors to the logger, work 
ahead of the main crew. 
Felling of the selected trees 
is done with gasoline-pow
ered portable saws, and matt) 
aspects of felling, such as 
maximum stump heights, 
may be prescribed by con-
trait terms. The sawyers then 
trim branches from the mer
chantable part of the felled 
tree, and cut it into 33-foot 
lengths or multiples of 16 
feet plus 1 g-foot trim per 16-
foot log (called bucking). 

The bulk of the woods crew 
(in this case four men) as
sisted at times by a truck 
driver, are engaged in the job 
of skidding (hauling the cut 
logs up to roadside) and 
loading the logs onto the 
trucks. The workhorse in this 
operation is a heel boom 
loader which performs both 

61 



o p e r a t i o n s : s k i d d i n g . by r e e l i n g in its l o n g steel c a b l e o n 

a w i n c h , a n d l o a d i n g . by s w i n g i n g l ogs f r o m r o a d s i d e on to 

the t ruck bed w i th its b o o m . T w o t r u c k s are e m p l o y e d 

in C o n t i n u o u s shut t le in th is o p e r a t i o n . These a re s p e c i a l 

l o g g i n g t r u c k s w h o s e rear t r a i l e r w h e e l s j a c k k n i f e u p 

on to the t r uck f o r eas ie r t r a v e l l i n g on the empty r e t u r n 

r u n to the l o g g i n g s i te. 

S a l e s a re usua l l y made in un i t s of t h o u s a n d b o a r d 

feet. T h e v o l u m e i n c l u d e d in a p a r t i c u l a r t i m b e r s a l e 

o p e r a t i o n ( o r show as i t ' s t e r m e d in the t rade I is o f ten 

es t ima ted b\ a c r u i s e of the a rea p r i o r to the s a l e . O r it 

m a \ be t a l l i e d u s i n g a c o n v e n t i o n a l l o g sca le e i the r on 

the g r o u n d at the l a n d i n g o r d i rec t l y on t r u c k s at a 

s c a l i n g s ta t ion as thev leave the n a t i o n a l forest b o u n d a r y . 

A n o p e r a t i o n of the sort i l l u s t r a t e d here- n i ne men a n d 

a b o u t $ 2 0 0 , 0 0 0 w o r t h of e q u i p m e n t -might p r o d u c e 

abou t 75 .000 b o a r d feet o f l o g s per d a y . each t r uck 

r u n n i n g abou t f ou r r o u n d t r i ps to the m i l l b u y i n g the 

logs . W e a r a n d tear on the e q u i p m e n t i« h i g h , a n d the 

o p e r a t i o n i s h a z a r d o u s a n d s t r o n g l y s e a s o n a l . 

APPENDIX D 

A - m a l l s a w m i l l o p e r a t i o n is i l l u s t r a t e d i n C h a r t 2 . 

based on an a c t u a l o p e r a t i o n in the Bitterroot V a l l e y of 

wes te rn M o n t a n a . T h i s o p e r a t i o n c a n h a n d l e a b o u t 

10,000 b o a r d feet per d a y . T h i s is s m a l l e r t han most 

m i l l s , so not very t y p i c a l in s ize , but w i l l se rve to 

i l l u s t r a t e a l l the m a j o r o p e r a t i o n s . L a r g e s a w m i l l s i n 

the western N i n t h d i s t r i c t r a n g e in capac i t y f r o m abou t 

10 M B F to m o r e than 2 5 0 M B F per e i g h t - h o u r sh i f t . 

In th i s m i l l woof flows t h r o u g h as f o l l o w s : L o g s a re 

p u r c h a s e d f r o m a g y p p o c o n t r a c t o r , h a u l e d in by t r u c k , 

a n d d u m p e d e i the r in to the l o g p o n d o r in s tacks a l o n g 

s i de the p o n d . L o g s are f loated o n t o a jack-chain w h i c h 

c a r r i e s t h e m in to the m i l l . P o n d i n g the l o g s has c e r t a i n 

a d v a n t a g e s a p a r t f r o m f a c i l i t a t i n g the s o r t i n g o f l o g s f o r 

i npu t to the m i l l : it h e l p s r e m o v e the s a w - d u l l i n g g r i t 

f r o m tree b a r k s , reduces c h e c k i n g r e s u l t i n g f r o m l o g s 

d i v i n g ou t , a n d reduces dus t p r o b l e m s i n the m i l l . H o w 

e v e r , s o m e y a r d s d o not use l o g p o n d s . T r a n s p o r t a t i o n 

of l ogs i s res t r i c ted m o s t l y to s u m m e r m o n t h s , so a 

s i z a b l e i n v e n t o r y i> b u i l t u p f o r the w in te r . 

T h e key p iece o f c u t t i n g m a c h i n e r y in the m i l l is the 

headrig; its c a p a c i t y d e t e r m i n e s the capac i t y o f the 

s a w m i l l . E a c h l o g is in t u r n , d o g g e d o n a m o v i n g c a r -

MECHANICS OF A SAWMILL OPERATION 

r i a g e a n d d e l i v e r e d l e n g t h w i s e aga ins t the b l a d e of the 

headsaw w h i r l i rotates a l h i g h speeds. A s each s l i c e is 

r e m o v e d it f a l l s o n t o a m o v i n g r o l l ease w h i c h c a r r i e s 

it f o r w a r d a l o n g the p r o d u c t i o n l i n e . T h e c a r r i a g e then 

r e t u r n s , u n d e r the Control o f the head s a w y e r , a n d the 

l o g i s r e p o s i t i o n e d f o r a n o t h e r s w i p e by the headsaw 

b l a d e w h o s e p o s i t i o n is f i xed . 

E a c h r u n p r o d u c e s a new s l i c e that d r o p s on to the 

r o l l cases , u n t i l the l og is r e d u c e d to a s m a l l e r squa red -

off t i m b e r o r can t . S o m e of the s l i c e s are par t l y r o u n d e d 

s l a b s f r o m the ou te r s i des of l ogs a n d cons i s t mos t l y of 

b a r k . T h e s e may be r o u t e d off the p r o d u c t i o n l i ne as 

wastes o r r es i dues , a n d c o l l e c t e d o n a m o v i n g c h a i n 

u n d e r n e a t h the m i l l ' s w o r k i n g d e c k . S o m e o f the p ieces 

c o m i n g off the headsaw may be s l i c e d to s t a n d a r d b o a r d 

o r d i m e n s i o n t h i c k n e s s i one i n c h o r two inches I w i th 

a r a g g e d edge o r edges I w i t h o r w i l hou t s o m e b a r k a d 

h e r i n g ) o r they may represent b o a r d s f i n i s h e d a n d 

s q u a r e d to r o u g h l u m b e r d i m e n s i o n s d e p e n d i n g o n h o w 

the l o g has been w o r k e d by the s a w y e r . R a p i d d e c i s i o n s 

a b o u t how m u c h to cut off a n d i n wha t m a n n e r to cu t 

t hem a re very i m p o r t a n t in o b t a i n i n g a m a x i m u m w i d t h 

a n d h ighes t v a l u e l u m b e r f r o m each l o g . 

Char t 3 — Product y ie ld f r om t yp i ca l s m a l l c i rcular s a w m i l l 
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Char t 2 — Setup of s m a l l s a w m i l 

green 
deck 

This sawmill is classified 
as a circular s a w m i l l because 
of the form of its headsaw. 
Circular headsaws are more 
common in small operations. 
The wide bit I kerf I of 
such a saw converts a high 
proportion of the log into 
sawdust during the cutting 
process. The other broad 
category of sawmills, the 
handsaw mill lalso named 
after the form of its head-
saw I. requires a more costly 
initial investment but con
verts less of the log into saw
dust. 

Four kinds of outputs from 
the headsaw as illustrated in 
Chart 3 are: I 1 I sawdust, 
which is collected and 
dumped onto a lower level 
residue conveyer, I2I un
usable bark-covered slabs, 
which are likewise dumped 
onto a conveyor that hauls 
them out to the waste burner. 
(3) rough sawn boards 
which are squared off in 
cross section by the head-
saw; these are channeled 
straight ahead to the trim
mer, and i l l rough sawn 
boards whose edges are not 
squared off in cross section 
because they bear some of 
the taper or curvature of the 
log and possibly some bark. 
These go to the edger for further processing. 

At the edger. the boards are moved parallel to their 
length and are ripped in cross section by cutting them 
to somewhat narrower average widths. Scraps from the 
edger I edgings I are dumped onto the residue conveyors; 
the rectangular boards then are conveyed to the trimmer. 

Boards of approximately log length I about 16 feet) 
now approach the trimmer at right angles to their length; 
some have been routed through the edger, while others 
arrive directly from the headsaw. They now move one at 
a time through the last sawing operation in this particu
lar mil l . The trimmer consists of a lineup of saws poised 
at two-foot intervals across the full twenty-foot width of 
the trimmer, and ready to be dropped in any combina
tion at the control of the trimmer operator. He judges 

n 109 
pond 

delivered logs from 
gyppo contractor 

the needs of each board as it moves sideways along the 
conveyors. For a full-width, squared board this may in
volve two quick simultaneous slices from the outside 
saws, trimming off the ragged ends and passing out a 
completely end-trimmed rough-sawn' board of an even 
number of feet in length I say 18 foot). Some boards, 
however, still may be tapered or irregular near one 
end; or they may have sections of bark, rot. or other de
fect showing somewhere in the middle. The trimmer op
erator wil l then lower other saws and trim out or trim 
off the defective parts. This yields end-trimmed, shorter-
length boards—always in multiples of two feet. Scraps 
from trimming operations are, as before, dumped onto a 
conveyor to be collected with other residues, which in 
this particular mill are carried directly to the burner. 
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T h i s by iu> m e a n s rep resen ts a m o d e l s a w m i l l ; a g rea t 

m a i n i m p r o v e m e n t s c a n be m a d e in the n a m e of eff ic iency 

a l t h o u g h it:- Bow chart i l l u s t r a t e s a l l the b a s i c o p e r a 

t ions . In many m i l l s a n e x t r a uni t c a l l e d a resaw is a d d e d 

in the How sequence , to W h i c h p ieces c a n be c o n s i g n e d 

d i rec t l y f r o m the headsaw a n d t h r o u g h w h i c h p ieces cu t 

C h a r t 4 — I l l u s t r a t i o n o f a p p e a r a n c e o f v a r i o u s 

l u m b e r g r a d e s * 

'2 Con 

' 5 Common 

Based on current Western Pine Association standards. 

o n c e by the resaw may be r e c y c l e d f o r a s e c o n d l o r t h i r d I 
r u n . B o a r d s f r o m the resaw may be r u n e i the r to the 

edger o r the t r i m m e r , as d e s i r e d . T h i s dev i ce per 

m i t s g rea te r range o f c h o i c e in cu ts at the h e a d s a w , i n 

creases its capac i t y by f r ee i ng the headsaw to d o m o r e of 

the b a s i c w o r k on the l o g s , a n d inc reases l u m b e r recove ry 

w h e n , by j u d i c i o u s s a w i n g , m i l l o p e r a t o r s have l e a r n e d 

to r e c o v e r g rea te r y i e l d f r o m each l o g . 

F r o m the t r i m m e r , r o u g h - s a w n g reen b o a r d s a re m o v e d 

edgew ise out o f the b u i l d i n g to a c o v e r e d shed w h e n - the 

b o a r d s a re d r a w n off at v a r i o u s p o i n t s a l o n g the so-

c a l l e d green chain a c c o r d i n g to s p e c i e s , s ize a n d g r a d e . 

L u m b e r f r o m the g r e e n c h a i n m a y be s o l d to o ther m i l l s 

as r o u g h g r e e n l u m b e r . B u t most of it is s tacked in a 

m a n n e r that p e r m i t s f ree a i r c i r c u l a t i o n a r o u n d the l u m 

b e r to dry o r season it. T h e d r y i n g p r o c e s s may take 

r o u g h l y 30 d a y s to th ree mon ths . M i l l s m a y ins tead use a 

s team-heated d r y k i l n , i n w h i c h case d r y i n g t ime is cu t 

to a few d a y s . A f t e r d r y i n g , the p i eces a re r u n t h r o u g h a 

planer f r o m w h i c h seasoned a n d f i n i shed l u m b e r , so r ted 

by g r a d e , is then ready f o r sa le . C h a r t 4 is an i l l u s t r a t i o n 

of a p p e a r a n c e c h a r a c t e r i s t i c s of p r i n c i p a l l u m b e r g r a d e s . 

T h i s has i l l u s t r a t e d a very m i n i m a l s a w m i l l o p e r a t i o n , 

vet a l l o f the r e g i o n ' s s a w m i l l s , h o w e v e r l a rge , are s i m p l e 

e l a b o r a t i o n s on th is b a s i c p l a n . T h e m a j o r e l a b o r a t i o n s 

take two d i r e c t i o n s . O n e is the u t i l i z a t i o n s of res idues 

a n d the o ther is secondary m a n u f a c t u r e a p p l i e d to the 

b a s i c s a w n l u m b e r . T h e la t te r b r i n g s w o o d to a m o r e 

a d v a n c e d s tage of p r o c e s s i n g I m o u l d i n g , e t c . ) . 

T h e p r o c e s s i n g of a s i n g l e l o g as d e p i c t e d in C h a r t 3 

y i e l d s o n l y a b o u t 5 0 percen t o f the w h o l e w o o d v o l u m e 

c o n t a i n e d i n s i d e the b a r k of the l o g as r o u g h sawn 

l u m b e r . S l a b s , e d g i n g s , a n d t r i m m i n g s , w i th o r w i t h o u t 

s o m e b a r k a t t ached , accoun t f o r some 22 percent of 

the w o o d h a u l e d in f r o m the forest , w h i l e sawdus t ac

coun t s f o r the r e m a i n i n g 28 pe rcen t . In the m i l l i l l u s 

t ra ted in C h a r t 2 . a l l the res idues a re c a r r i e d by a c h a i n 

c o n v e y o r in to a waste b u r n e r whe re they a re b u r n e d , n o 

use b e i n g m a d e o f the heat gene ra ted excep t to keep 

the l o g p o n d f r o m f r e e z i n g d u r i n g the w in te r . 

S o m e m i l l s , h o w e v e r , may u t i l i z e in one w a y o r 

a n o t h e r a l l of the r e s i d u e s f r o m the s a w i n g p rocess f i n 

c l u d i n g p l a n e r s h a v i n g s ) , b y c u t t i n g l a th a n d c ra te 

s tock f r o m s o m e of the s m a l l e r p ieces , u s i n g c h i p s a n d 

c h u n k s i n p ressed w o o d p r o d u c t s , u s i n g s o m e of it f o r 

g e n e r a t i n g s t e a m a n d o r p o w e r r e q u i r e m e n t s , a n d o ther 

uses. I n o r d e r to m o r e e f fec t ive ly u t i l i z e the w h o l e - w o o d 

res i dues , l a r g e r m i l l s i n s t a l l d e b a r k i n g mach ine ry w h i c h 

r e m o v e s b a r k f r o m the l ogs p r i o r to d e l i v e r y to the bead -

s a w . W h o l e - w o o d res idues f ree o f b a r k a re c o n v e r t e d 

i n to c h i p s f o r p u l p i n g . T h i s a l s o p r o d u c e s log - f ree ba rk , 

w h i c h in s o m e i n s t a n c e s c a n be o f g rea te r c o m m e r c i a l 

v a l u e t han p u l p c h i p s I used f o r m u l c h e s , e t c . ) . 
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