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ABSTRACT 

Logging  c o s t  s i m u l a t o r s  and  d a t a  f rom l o g g i n g  c o s t  s t u d i e s  
h a v e  been  assembled  and c o n v e r t e d  i n t o  a s e r i e s  o f  s i m p l e  

' e q u a t i o n s  t h a t  c a n  b e  u s e d  t o  e s t i m a t e  t h e  s t u m p - t o - m i l l  c o a t  
of  c a b l e  l o g g i n g  i n  moun ta inous  t e r r a i n  of  t h e  E a s t e r n  Un i t ed  
S t a t e s .  These  e q u a t i o n s  a r e  b a s e d  on the u s e  o f  two s m a l l  
a n d  f o u r  medium-sized c a b l e  y a r d e r s  a n d  a r e  a p p l i c a b l e  f o r  
h a r v e s t s  o f  t i m b e r  f rom 6  t o  24 i n c h e s  i n  d i a m e t e r .  C o s t  
ccmponen t s  c a n  b e  e a s i l y  c a l c u l a t e d  on a  hand-he ld  
c a l c u l a t o r .  A computer  p rogram t h a t  c o u l d  be a d a p t e d  t o  many 
d e s k t o p  and mic rocompute r s  i s  a v a i l a b l e  t h a t  w i l l  c z l c u l a t e  
t h e  t o t a l  s tump- to -mi l l  l o g g i n g  c o s t  f o r  a s p e c i f i e d  s e t . o f  
l o g g i n g  c o n d i t i o n s .  Tho paper f o c u s e s  on t h e  a p p l i c a t i o n  o f  
t h e  s tump- to -mi l l  compu tc r  zodel t o  a c t u a l  E a s t  C o a s t  f o r e s t  
c o n d i t i o n s .  

P r e s e n t e d  a t  t h e  F o r e s t r y  Microcomputer  S o f t w a r e  Syn?os iun ,  
Norgantown, WV, J u n e  3 C - J u l y  2 ,  1986 .  



An i n i t i a l  s t e p  i n  p l a n n i n g  any c a b l e  l o g g i n g  o p e r a t i o n  
i n v o l v e s  e s t i m a t i o n  o f  t h e  l o g g i n g  c o s t s  f o r  t h e  s a l e  o r  

, t r a c t s  i n  q u e s t i o n .  T r a d i t i o n a l l y ,  l o g g e r s  and  manage r s  u s e  
some c o m b i n a t i o n  o f  t i rne-s tudy  d a t a ,  p r a c t i c a l  e x p e r i e n c e ,  
a n d / o r  r u l e s  o f  thumb. Such  a p p r o a c h e s  a r e  cumbersome and 
time consuming,  and t h e  e s t i m a t e s  a r e  g e n e r a l l y  n o t  v e r y  
d e t a i l e d  o r  a c c u r a t e .  Recent i n t e r e s t  i n  c a b l e  l o g g i n g  o f  
e a s t e r n  hardwood f o r e s t s  l e d  t o  t h e  deve lopmen t  o f  a 
d e t a i l e d ,  r e l i a b l e ,  s tu rnp - to -mi l l  c a b l e  l o g g i n g  c o s t i n g  
methodology c a l l e d  ECOST (LeDoux 1 9 8 5 a ) .  

The s tump- to -mi l l  computer  model  (ECOST) c o n s i s t s  o f  a  s e r i e s  
o f  s i m p l e  l i n e a r  and c u r v i l i n e a r  e q u a t i o n s  t h . a t  c a n  b e  used  
t o  e s t i m a t e  t h e  s tump- to -mi l l  c o s t  o f  c a b l e  l o g g i n g  i n  t h e  
moun ta inous  t e r r a i n  of t h e  E a s t e r n  Un i t ed  S t a t e s .  The 
e q u a t i o n s  a re  based  on t h e  u s e  o f  two s m a l l  and f o u r  
medium-sized c a b l e  y a r d e r s  and a r e  a p p l i c a b l e  f o r  h a r v e s t s  o f  
t i m b e r  f rom 6 t o  24 i n c h e s  i n  d i a m e t e r .  The compu te r  model 
i s  a p p l i c a b l e  o n l y  t o  u p h i l l  s k y l i n e  c a b l e  l o g g i n g .  The 
model c a n  b e  used  f o r  equ ipmen t  s e l e c t i o n ,  t i m b e r - s t a n d  
p r e s c r i p t i o n  p l a n n i n g ,  o p t i m i z a t i o n  o f  s i l v i c u l t u r a l  
d e c i s i o n s ,  b reak-even  a n a l y s i s ,  and s i l v i c u l t u r a l  i n v e s t m e n t  
a n a l y s i s .  T h i s  a r t i c l e  i l l u s t r a t e s  t h e  a p p l i c a t i o n  o f  t h e  
model f o r  y a r d e r  s e l e c t i o n ,  t i m b e r  t r a c t  s a l e  a p p r a i s a l ,  and 
s i l v i c u i t u r a l  t r e a t m e n t  c o m p a r i s o n  and s e l e c t i o n  u s i n g  E a s t  
C o a s t  s t a n d  t y p e s  and c o n d i t i o n s .  

Y A R D E R  S E L E C T I O N  

The c a b l e  y a r d e r  s e l e c t e d  f o r  y a r d i n g  ha rducod  l o g s  w i l l  
s i g n i f i c a n t l y  a f f e c t  t h e  p r o d u c t i o n  r a t e  and c o s t  o f  a 
h a r v e s t  u n i t .  Y a r d e r a  v a r y  i n  c a p a c i t y  and e f f i c i e n c y  
a c c o r d i n g  t o  t e r r a i n ,  a v e r a g e  s i z e  of l o g s  removed,  and 
volcmes  c u t  p e r  a c r e .  The ECOST model Nas u s e d  t o  d e v e l o p  
f i g u r e  1 which i l l u s t r a t e s  t h e  impac t  o f  a v e r a g e  t r e e  s i z e  on 
y a r d i n g  c o s t s .  F i g u r e  1 shows t h i s  v a r i a b i l i t y  f o r  f i v e  
c a b l e  y a r d e r s  on t e r r a i n  w i t h  a n  a v e r a g e  volume c u t  o f  4 ,000  
c u b i c  f e e t  p e r  a c r e  and s : ~ p e  d i s t a n c e s  t h a t  a v e r a g e  450 
f e e t .  S p e c i f i c  c r e w i n g  and o p e r a t i n g  c o s t s  o f  i n d i v i d u a l  
y a r d e r s  a r e  p r e s e n t e d  i n  LeDoux 1985a.  

Comparisons s u c h  2s t h o s e  shown i n  f i g u r e  1 c a n  h e l p  
p l a n n e r s ,  l o g g e r s ,  and managers  s e l a c t  equ ipmen t  b e s t  s y j t e d  
t o  t h e i r  s t z n d  c o n d i t i o n s .  F o r  example,  t h e  B i t t e r r o o t .  
y a r d e r  wculd b e  b e s t  f o r  s t a n d s  w i t h  a v e r a g e  t r e e  d . h . h .  l e s s  
t h a n  iO i n c h e s ,  while t h e  Eco logge r  I and t h e  Urus 1000-3 
y a r d e r s  would b e s t  be  matched w i t h  t h e  l a r ~ e r  t r e e  s i z e s ,  
S i m i l a r  c o z p a r i s o n s  and s e l e c t i c n s  c a n  be made, g i v e n  
r e s p e c t i v e  s t a n d  c c n d i t i o n s  a n d  t h e  ECOST c c n p u t e r  model .  

"The use of trade, firm, or corporation names in this publication is for the 
information and convenience of the reader. Such use does not constitute an 
official erldorsement or approval by the U.S. Department of Agriculture or the 
Forest Service of any product or service to the exclusion of others that my be 
suitable. 
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Figure 1.--Yarding cos t s  f ~ r  f ive  cable logging systems used on 
fi2~untaingus t e r r a in  (450-foot average yarding distance,  
4,000 f t  removed per acre). Shaded region ind ica tes  
diameter range best s u i t e d  f o r  individual machines- 
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Figure 2.--Eypothetfcal logging u n i t  and transportztlon network to 
.* delivery mill. 



TIMBER TRACT APPRAISAL 

ECOST c a n  b e  u s e d  t o  a p p r a i s e  t i m b e r  t r a c t s  f o r  c a b l e  
l o g g i n g .  For  example ,  s tump- to -mi l l  e s t i m a t e s  c a n  b e  
d e v e l o p e d  ( T a b l e  1) by u s i n g  t h e  h y p o t h e t i c a l  s c e n a r i o  
d e t a i l e d  i n  f i g u r e  2 and t h e  s t a n d  d a t a  f o r  f o r e s t  model  
p l o t  No. 13: Average  t r e e  d.b.h.  ( i nches ) - -12 .7 ;  a v e r a g e  
m e r c h a n t a b l e  h e i g h t  t o  4 - inch  t o p  ( f e e t ) - - 4 8 . 8 ;  number o f  
t r e e s  p e r  acre--148;  s p e c i e s  mix--basswood, b e e c h ,  b l a c k  
c h e r r y ,  cucumber ,  h a r d  map le ,  r e d  maple,  r e d  o a k ,  w h i t e  oak 
and y e l l o w - p o p l a r ;  c u b i c - f o o t  volume p e r  a c r e  ( S r n a l i a n l s  
method)--4,379;  b o a r d - f o o t  volume p e r  a c r e  ( D o y l e  r u l e )  
--11,586. A major  a d v a n t a g e  o f  ECOST i s  t h a t  s t u m p - t o - m i l l  
c o s t s  c a n  b e  e s t i m a t e d  component-by-component a l l o w i n g  
p l a n n e r s  maximum f l e x i b i l i t y  t o  s u b s t i t u t e  component  c o s t s  
n e c e s s a r y .  Move c o s t s  f o r  t h i s  s c e n a r i o  a r e  a p p r o x i m a t e l y  
5 . 4  p e r c e n t  o f  t o t a l  s t u m p - t o - m i l l  c o s t s .  Move c o s t s  a r e  
h i g h l y  v a r i a b l e  and d i f f i c u l t  t o  e s t i m a t e .  P l a n n e r s  c o u l d  
e a s i l y  s u b s t i t u t e  a l t e r n a t e  nove  o r  d e l a y  c o s t s  t o  r e f l e c t  
t h e i r  s p e c i f i c  u n i q u e  s i t u a t i o n s .  

Table 1 .--Estimated stump-to-mill c o s t s  per acre f o r  I hypothetical  
u 1 

logging u n i t  and transportation network.- 
Activity Cost 

Dollars 

F e l l ,  buck, limb 
Yarding 
Loading 
Hauling - 
Move 
Delay 

Total  stump-to-mill 3,266.94 
Total  revenue a t  m i l l  3 , 677 67,/ 
Fotent ia l  stumpage 410.73 

d ~ o n d i t i c n s  - fo re s t  model p l o t  lo .  13; n in imu~ iiierchzntable d.b.h., 
5 inches; yarder, Koller-K300; aversge yarding dis tsnce,  450 f ee t ;  
truck c lass ,  3. 

Y ~ q u i v s l e n t  t o  $35.45 per Ei bf. Does not include administrative 
cos t s  nor margin. fo r  p ro f i t  and r i sk .  

Fo r  t h i s  s c e n a r i o ,  t h e  t o t a l  r e v e n u e  f a r  p r o d c c t s  a t  t h e  m i l l  
' would b e  $3,677.67 (LeDoux 1 9 8 5 b ) .  The p o t e n t i a l  s tumpage  

would b e  a p p r o x i m a t e l y  12.57 p e r c e n t  o f  t o t a l  s t u m p - t o - n i l 1  
c o s t s  o r  a b o u t  $35.00 per 1%: bf. S i a i l a r  a p p r z l s z l s  c o e l d  k e  
d e v e l o p e d  f o r  potent2211 h a r v e s t  s i t e s  by using ECOST aad 
a p p r o p r i a t e  l o g g i n g  p l a n  and t r a n s p o r t a t i o n  c e t u o r k  i n p u t s .  



SILVICULTURAL TREATMENT COMPARISON 

ECOST can a l s o  be used t o  compare and e v a l u a t e  a l t e r n a t e  
s i l v i c u l t u r a l  o p t i o n s  given t h e  necessary  s t and  i n p u t  d a t a .  
For example, stump-to-landing c o s t  e s t i m a t e s  can be 
determined (Table 2) by us ing  s t a n d  d a t a  from f o r e s t  model 
No. 3: Stand age (years)--40;  average  t r e e  d.b.h. 
( inches)- -8 .6;  number o f  t r e e s  p e r  acre--201; s p e c i e s  
mix--red oak and whi te  oak; cub ic - foo t  voJume p e r  a c r e  
(Sma l i an t s  method)--1,945; basal. a r e a  ( I t  /acre)--81.3,and 
c o n s i d e r i e g  t h r e e  l e v e l s  of  t h i n n i n g  i n t e n s i t y  (Table  3 ) .  
S i n c e  ECOST i s  s t r u c t u r e d  i n  components, p l anne r s  can 
e v a l u a t e  stump-to-landing c o s t s  f o r  roads ide  f irewood s a l e s  
i n s t e a d  o f  stump-to-mill  c o s t s  when t h i n n i n g s  a r e  neces sa ry  

i n  low-volume and low-value s t a n d s .  . 
Thinning- leve l  o p t i o n s  can be compared and t r e a t m e n t s  
s e l e c t e d  based on e n t r y  c o a t s  and s i l v i c u l t u r a l  o b j e c t i v e s .  
For this s c e n a r i o ,  a  heavy t h i n n i n g  would y i e l d  t h e  g r e a t e s t  
n e t  va lue ,  b u t  may no t  y i e l d  t h e  b e s t  f i n a l  p roduc t  ic t h e  
f u t u r e  s t a n d .  However, p l anne r s  can eva lua t e  numerous 
s i l v i c u l t u r a l  o p t i o n s  qu i ck ly  and inexpens ive ly  u s i n g  ECOST 
and a  minimal number o f  s t a n d  a t t r i b u t e s .  

Table 2.--stump-to-landing cost estimates of three thinning levels for  

forest model plot No. 3.d 
Average 

Thinning cut Stems volume 
level deb h rornnrr-r l  ~. 

- , - I  

Sturnp-to- 
landing Firewood Net - - -  

'... I L L l j V V c ~  renlovea cost r e v m e  v a b  

lncnes PJe, d --__ l)ollars/acre--------. 

Light 6.3 
Medium 

87 405 
6.9 

132.31 

Eeavy 
119 

7.4 146 
677 215.23 228.00 
978 

12.77 

UYIJYI*IV~IB - s l r e  mdex, 70; n~ininiun~merchanti 
average,slope distance. 4CO feet 0 - n- -. 

303.49 330.00 26.51 

E~P, ,J , .  c 2 -L- ., . - :ble d.b.h, 5 inches; 
UY It' per cord; delay cost, $0.04 . , A  ~ - . L L - . -  , - ---'3 per ft'; nove cost, $0.03 per f t  , .., ,A,,,, D L L L ~ ~ ~ ~ O L  ysraer; 

stand age, 40 years; s tand conipositic:~, r+d sak and white oak. 

Table 3.--Simulated si lvicultural  t r e ~ h e n t ~ f g r  fo~cest model olot  Elo.3 
Percent percent-- Residual 

Silvicultural stems removed basal area removed t ree  
treatment Der acre S D ~ C ~ ~ P  .. - 

~ t ~ a c r e  - m 
L i g h t  thinning 43 23 20 x 20 
Medium thinning 59 3 8 23 x 23 
Heavy thinning 73 4 3 28 x 23 - -- 



CONCLUSIONS . 

Al though  o n l y  t h r e e  a p p l i c a t i o n s  o f  ECOST h a v e  b e e n  
i l l u s t r a t e d ,  mzny o p p o r t u n i t i e s  f o r  a p p l i c a t i o n  ex i s t .  
P l a n n e r s  s h o u l d  s t u d y  ECOST c a r e f u l l y  and compare  t h i s  
p rogram t o  rriethods i n  c u r r e n t  u s e .  The model h a s  v a l u e  t o  
p l a n n e r s  e s t i m a t i n g  c a b l e - l o g g i n g  c o s t s  f o r  e a s t e r n  f o r e s t s ,  
A l though  t h e  model i s  c u r r e n t l y  programmed on a  
Hewle t t -Packa rd  9 8 4 5 ~ ,  it c o u l d  e a s i l y  b e  programmed on o t h e r  
d e s k t o p s ,  mic rocompute r s ,  and hand-held c s l c u l a t o r s .  
P l a n n e r s  a r e  encouraged  t o  s t u d y  and e x p e r i m e n t  w i t h  t h e  
model f o r  a v a r i e t y  o f  a p p l i c a t i o n s .  

The computer  p rogram d e s c r i b e d  , i n  t h i s  a r t i c l e  i s  a v a i l a b l e  
on r e q u e s t  with t h e  u n d e r s t a n d i n g  t h a t  t h e  U.S. Depa r tmen t  o f  
A g r i c u l t u r e  c a n n o t  a s s u r e  i t s  a c c u r a c y ,  c o m p l e t e n e s s ,  
r e l i a b i l i t y ,  o r  s u i t a b l i t y  f o r  any o t h e r  g u r p o s e  t h a n  t h a t  
r e p o r t e d .  The r e c i p i e n t  may n o t  a s s e r t  a n y  p r o p r i e t a r y  
r i g h t s  t h e r e t o  nor  r e p r e s e n t  i t  t o  anyone a s  o t h e r  t h a n  a 
Government-produced computer  program. Fcr c o s t  i n f o r m a t i o n ,  
p l e a s e  w r i t e :  C h r i s  R ,  LeDoux, USDA F o r e s t  S e r v i c e ,  P. 0. 
Box 4300,  Piorgantown, WV. 26505 
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