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A B S T R A C T  

In  f o r e s t  areas where h igh  s o i l  erosion 
p o t e n t i a l  exists, a comparative yarding cos t  
estimate, including the i n d i r e c t  c o s t s  deter- 
mined by methods proposed here ,  shows t h a t  
t h e  t o t a l  cos t  of using "advanced" logging 
methods may b e  less than t h a t  of " t r ad i t i ona l"  
sys  tems. 



I N T R O D U C T I O N  

The harves t ing  of timber i n  
environmentally s e n s i t i v e  areas of 
t h e  P a c i f i c  Northwest has been opposed 
i n  r ecen t  years  by many ind iv idua l s  
i n t e r e s t e d  i n  p ro tec t ing  our f o r e s t  
environment. These conse rva t ion i s t s  
hold a popular concept t h a t  timber 
ha rves t  causes severe damage t o  s o i l s ,  
stream water q u a l i t y ,  r e f o r e s t a t i o n ,  
and w i l d l i f e  h a b i t a t .  These f e a r s  are 
not  i r r a t i o n a l  because seve re  watershed 
damage has  occurred,  bu t  a d is regard  
f o r  good f o r e s t  environment management 
is n o t  a genera l  p r a c t i c e  i n  t h e  f o r e s t  
indus t ry .  Bas ica l ly ,  i t  i s  not  t he  
temporary e l imina t ion  of trees i n  a 
timber ha rves t  ope ra t ion  t h a t  prec ip i-  
tates watershed damage. Severe envi- 
ronmental damage t o  watersheds i s  
usua l ly  t h e  r e s u l t  of improper tech- 
niques used i n  the  removal of t h e  
ha rves t  trees. 

Dyrness (1967, 1972), Wooldridge 
(1960), Ruth (1967), and Klock (1975) 
have shown t h a t  the f o r e s t  indust ry  
p resen t ly  has proven methods of 
removing the f e l l e d  trees from the 
f o r e s t  wi th  a minimum of impact on 
the s o i l  and vegeta t ion  resource.  
environmentally sensitive areas i n  
Northwest f o r e s t  lands ,  proper logging 
procedures may r e q u i r e  the use  of an 
"advanced" logging system such as 
s k y l i n e  o r  h e l i c o p t e r  (Klock 1975). 
Generally t h e  system involves the 
aerial movement of t h e  f e l l e d  tree t o  
a landing deck. Since more energy i s  
expended i n  t h e  aerial  movement of 
l o g s ,  t h e  d i r e c t  yarding c o s t  can be 
expected t o  be h igher  than wi th  
" t r a d i t i o n a l"  logging systems ( t r a c t o r  
and jammers). However, t h e  expenditure 
of a d d i t i o n a l  energy f o r  yarding may 
b e  o f f s e t  by less energy requirements 
f o r  road const ruct ion ,  road maintenance, 
and log  t r anspor t a t ion .  

In 

E s t h e t i c s  a lone  does n o t  j u s t i f y  
t h e  increased c o s t  of  advanced logging 
systems. A n  approach t o  determining 
t h e  opera t ing  cos t  d i f f e r e n t i a l  would 
b e  t o  estimate the p o t e n t i a l  f o r e s t  
environment damage t h a t  might occur on 

an i d e n t i f i a b l e  timber sale f o r  each 
ava i l ab le  sys t e m  of removing the f a l l e n  
trees. The monetary va lue  of these  
p o t e n t i a l  damages could be  charged t o  
each logging system as an i n d i r e c t  c o s t  
assessment on the volume of timber 
removed. However, t h i s  method should 
n o t  be used t o  j u s t i f y  des t roying 
nonrenewable n a t u r a l  resources  because 
monetary value  estimates may b e  a t tached 
t o  them. 

I n d i r e c t  c o s t s  of timber removal 

a",,";: are d f f f i c u l t  t o  determine 
the re fo re  r a r e l y  estimated.- 
paper w i l l  n o t  at tempt t o  i d e n t i f y  a l l  
i n d i r e c t  logging cos t s ,  no r  w i l l  i t  
show a complete economic ana lys i s  of 
those  t h a t  are i d e n t i f i e d .  Because 
the most apparent  i n d i r e c t  c o s t s  are 
those  associa ted  w i t h  e ros ion,  t hese  
are ones I w i l l  d i scuss .  

Once eroded s o i l  material has been 
t ranspor ted  off  f o r e s t  s lopes  and e n t e r s  

system, t h e  e f f e c t s  can be 
i n  terms o f :  

l o s s  of  s i t e  p roduc t iv i ty  
(both trees and understory 
vege ta t ion ) ,  

sedimentation,  

water q u a l i t y  (domestic, 
es thet ic ,  and i r r i g a t i o n a l ) ,  

f i s h e r i e s  h a b i t a t  loss, and 

increased need f o r  eros ion 
seeding and cont ro l .  

By developing u n i t  c o s t  f i g u r e s  for 
these e f f e c t s ,  i t  may be poss ib le  t o  
show t h a t  so i , l  loss by e ros ion  can be 
a long-term, i n d i r e c t  cos t .  If t h e  
eros ion cos t s  can be determined, they 
should be added t o  the d i r e c t  ope ra t iona l  
cos t s  when systems of log  removal f o r  a 
p a r t i c u l a r  f o r e s t  s i t e  are evaluated.  

.&' Don Boyer. Letter t o  the  record: 
watershed pro tec t ion  and management damage 
t o  watershed values .  May 13, 1971.  USDA 
Forest  Service,  Region 6 ,  Port land,  Oreg. 
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B A C K G R O U N D  

Hypothetical i n d i r e c t  cost esti- 
mates from s o i l  l o s s  could be developed 
f o r  most f o r e s t  areas. To be usefu l ,  the 
degree of p o t e n t i a l  e r o s i o n  which may 
be generated by each proposed logging 
system m u s t  be estimated. This  is n o t  * 

an easy task ,  and more extensive 
research is needed t o  p r e d i c t  t h e  
e ros ion  p o t e n t i a l  i n  many areas. 

In t h e  p o s t f i r e  salvage logging 
operat ion descr ibed by mock (1975), 
t h e  impact on s o i l s  and vege ta t ion  by 
f i v e  logging systems w a s  evaluated. 
Both " t r a d i t i o n a l "  and "advanced" 
systems of tree removal were reported 
f o r  t h r e e  watersheds i n  the  E n t i a t  
River b a s i n  of nor th- central  Washington. 
This area i s  charac te r ized  by s t e ep  and 
rugged relief where mean s lope  is  about 
50 percen t  and can be c a t e g o r i z e d ' a s  
an environmentally s e n s i t i v e  area. The 
base rock i n  t he  s tudy area i s  Mesozoic 
g ranodior i t e  deeply weathered where 
exposed. S o i l s  are formed from 
weathered granodior i t e  colluvium 
covered by vo lcan ic  ash and pumice. 
Nearly a l l  f o r e s t  f l o o r  l i t t e r  w i t h i n  
t h e  s tudy area had been destroyed by 
fire; thus  ' the  s o i l  su r face  w a s  i n  a 
more s e n s i t i v e  condi t ion f o r  d i s tu rb-  
ance .by logging. 
were d i s tu rbed  by logging they became 
highly s u s c e p t i b l e  t o  e ros ion  during 
t h e  h igh  snowmelt pe r iod  and t he  h igh  
i n t e n s i t y  ra instorm descr ibed i n  
Klock (1975). Habi ta t  types a f f e c t e d  
by t he  vast 1970 w i l d f i r e  ranged from 
t h e  Pinus ponderosa/Pw)shia/Agqyron 
at  t h e  lower e l e v a t i o n  t o  Pseudotsuga 
menziesii/CaZmagros tis rubes cens at  
higher  e leva t ions  (Tiedemann and 
Klock 1973). Snowbrush ceanothus 
(Cecmothus vek t inus  Dougl. ) was 
predominate i n  t he  unders tory cover. 

After these  s o i l s  

Volume y i e l d s  are r e l a t i v e l y  
unknown f o r  t h e  s tudy area', b u t  it 
appears the undisturbed f o r e s t  under 
p resen t  management levels could pro- 
duce i n  one r o t a t i o n  of approximately 
120 years ,  6,000 board feet p e r  acre 
(35 m3/ha) on the  s t e e p  upper s l o p e s  

and up t o  15,000 board feet per  acre 
(90 m3/ha) on t he  more fe r t i l e  v a l l e y  
lands.  An average volume would be 
about 8,600 board f e e t  p e r  acre (50 m3/ha), 

A r e p l i c a t e d  greenhouse biomass 
p roduc t iv i ty  test (bioassay) of t he  s o i l s  
from t h e  s lopes  of t h e  experimental area 
reflects the high concentrat ion of avail- 
ab l e  p l a n t  n u t r i e n t s  i n  the  immediate 
s o i l  su r face  ( f i g .  1).2/ Removal of 
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F i g u r e  1 .--Potential productivity loss 
as a function of c u m u l a t i v e  s u r f a c e  
soil loss. 

L' G. 0. Klock. Unpublished data on 
f i l e ,  Paci f ic  Northwest Forest and Range 
Experiment Station, Wenatchee, Wash. 
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1.2 inches (3 cm) of topsoil from the 
e f f e c t i v e  zone of roo t ing  i n  the' s o i l  
p r o f i l e  (1 f o o t )  without  cons idera t ion  
f o r  f u t u r e  n a t u r a l  n u t r i e n t  replace-  
m e n t  r e s u l t e d  in an 80.5-percent 
reduct ion i n  t h e  short- term biomass 
y i e ld .  Thus, f i g u r e  1 shows t h a t  
p o t e n t i a l  f o r e s t  biomass product iv i ty  
could be reduced s t r i k i n g l y  by increased 
e ros ion  of t o p s o i l  within t h e  experi- 
mental area. 

M 

from 

E T H O D S  O F  E S T I M A T I N G  
I N D I R E C T  C O S T  

Enough information w a s  ava i l ab l e  
t h e  s tudy area t o  test the  pro- 

posed approach t o  es t imat ing  i n d i r e c t  
logging cos t s  caused by acce le ra ted  
erosion.  I n d i r e c t  cos t s  are iden t i-  
f i e d  as o n s i t e  and downstream damages. 

O n s i t e  D a m a g e s  

An es t imat ion  of t h e  rate of 
n a t u r a l  n u t r i e n t  accumulation is  one 
poss ib le  approach t o  determining 
o n s i t e  damages due t o  biomass pro- 
d u c t i v i t y  l o s s  from an increment of 
s o i l  displacement by erosion.  P l a n t  
n u t r i e n t s  of p a r t i c u l a r  interest would 
be n i t rogen ,  phosphorus, and s u l f u r .  
I n  t he  s tudy area ecosystem i t  appears 
t h a t  symbiot ic  n i t rogen  f i x a t i o n  and 
p r e c i p i t a t i o n  would no t  be expected 
t o  exceed 5 pounds of n i t rogen  per  
acre (5.6 kg/ha) annually (Zavitkovski 
and Newton 1968, Tiedemann and Helvey 
1973). Thus, t o  r e t u r n  the  n i t rogen  
l e v e l  t o  a preerosion level by n a t u r a l  
processes  after se r ious  su r f ace  s o i l  
loss by erosion may take many years .  
For example, t o  accumulate through 
symbiotic f i x a t i o n  and p r e c i p i t a t i o n  

enough n i t rogen  i n  the  sur face  1 inch 
(2.5 an) t o  raise the  t o t a l  n i t rogen  
l e v e l  by 0.1 percent  may take several 
hundred years .  The replenishment by 
n a t u r a l  processes  of phosphorus and 
s u l f u r  l o s t  by e ros ion  could a l s o  be  
expected t o  requi re  a long period of 
time. It is obvious t h a t  a s i g n i f i -  
cant l o s s  of s o i l  n u t r i e n t s  by se r ious  
su r f ace  erosion,  p a r t i c u l a r l y  from a 
s o i l  p r o f i l e  where t h e  major n u t r i e n t  
supply is very c lose  t o  t h e  su r f ace  
( f ig .  11, could have a major in f luence  
fn reducing fu tu re  timber production. 
It may be poss ib le  t o  ca l cu l a t e  d i f-  
ferences i n  p roduc t iv i t y  and relate 
t h i s  t o  income a t  t he  time of t h e  next  
r o t a t i o n  harves t .  However, wi th  cur ren t  
discount rates of 7 t o  10 percent ,  
income d i f fe rences  due t o  d i f f e r e n t  
l e v e l s  of p roduc t iv i t y  would be negl i-  
g i b l e  a t  presen t  p r i c e s  f o r  a r o t a t i o n  
of 120 years. Thus, t h i s  approach t o  
determining o n s i t e  damage has m e r i t  
but  does no t  appear f e a s i b l e  under 
presen t  b io log i c  and economic cons t r a in t s  . 

Relevant d i f fe rences  in  damage t o  
o n s i t e  product iv i ty  due t o  various logging 
methods need t o  be evaluated i n  terms 
of presen t  values.  Another approach 
t o  determining d i f f e r e n t i a l  o n s i t e  damage 
cos t  might be evaluat ing the  cos t  of 
chemical replacements for t h e  l o s t  p l a n t  
n u t r i e n t s .  Use of logging systems t h a t  
cause more extensive s o i l  e ros ion  should 
have a h igher  i n d i r e c t  cos t  due t o  
probable reduct ion i n  f u t u r e  biomass 
product iv i ty  than systems wi th  a low 
erosion p o t e n t i a l .  I n d i r e c t  cos t  of 
probable product iv i ty  damage due t o  
s o i l  n i t rogen  loss can be determined 
by equat ion 1. 

a rea  x erosion depth x % t o t a l  s o i l  N x A x B 
timber volume assessed 

Product iv i ty  damage - assessment - 
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A i s  the f e r t i l i z e r  conversion rate 
.(lo0 pounds of n i t rogen  p e r  100 pounds 
of f e r t i l i z e r )  and B i s  t h e  c o s t  o f  
f e r t i l i z e r  p l u s  a p p l i c a t i o n  (do l l a r s  
pe r  pound p e r  u n i t  . a r ea ) .  
ammonium phosphate s u l f a t e  for cos t  
ca l cu la t ion  purposes should f u l f i l l  
both t h e  p l a n t  phosphorus and s u l f u r  

. .  as w e l l  as n i t rogen  requirements and 
would have a conversion rate of 6.5. 

T h e  u s e  of 

A r ep resen ta t ive  s o i l  t o t a l  
n i t rogen  level d i s t r i b u t i o n  as a 
func t ion 'o f  depth w i t h i n  t h e  s o i l  

i n  f i g u r e  2.  Using these s o i l  n i t rogen  
levels, along w i t h  the t o t a l  n u t r i e n t  
a p p l i c a t i o n  c o s t s  shown i n  f i g u r e  3 
(Perkins and o the r s  1971), t h e  d o l l a r  
assessment p e r  1,000 board f e e t  f o r  
incremental s o i l  loss can be ca lcu la t ed  
by equation 1 and i s  showh i n  f i g u r e  4 .  
Thus, 1 inch of s o i l  l o s s  by e ros ion  
could r e s u l t  i n  a p roduc t iv i ty  damage 
assessment a t  p resen t  p r i c e s  of about 
$13 p e r  1,000 board f e e t  harves ted  i n  

' p r o f i l e  f o r  t h e  s tudy area is  shown 

' 
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Figure  2 . - -Represen ta t i ve  d e p t h  d i s t r i b u t i o n  
of t o t a l  soi l  n i t x o g e n  for the s t u d y  area .  

FERTILIZER APPLIED - LB/ACRE 

Figure  3.--Amendment a p p l i c a t i o n  cost for the s t u d y  a r e a .  F e r -  
t i l i z e r  costs were c a l c u l a t e d  a t  $100 p e r  ton and a e r i a l  a p p l i -  
c a t i o n  costs were o b t a i n e d  f r o m  a h e l i c o p t e r  f e r t i l i z a t i o n  
program d e s c r i b e d  b y  Perkins and others (1971) .  
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the  s tudy area. 
b e  l a r g e r  on a more f e r t i l e  s o i l .  I 
b e l i e v e  t h i s  co s t  assessment is very 
conservat ive,  p a r t i c u l a r l y  wi th  respec t  
t o  t h e  r a p i d l y  advancing va lue  of our 
f o r e s t  soil resource as w e l l  as increas-  
ing energy cos t  f o r  chemical amendments. 
Although I have used chemical amend- 
ments t o  c a l c u l a t e  p roduc t iv i ty  damage 
values ,  t h e i r  f i e l d  use  i n  t h i s  manner 
as an alternative f o r  good f o r e s t  s o i l  
management is  n o t  recommended. 

This assessment could 

Downs t re am Dam age s 

Cost estimates of downstream 
damages due t o  e ros ion  from logged 
areas, such as sedimentat ion and 
d e t e r i o r a t i o n  of water q u a l i t y  and 
f i s h e r i e s  h a b i t a t ,  are d i f f i c u l t  t o  
determine. These cos t s  m u s t  be con- 
s i d e r e d  on an i n d i v i d u a l  s tudy b a s i s  
because t h e  use  of water and value 
of t h e  f i s h e r i e s  yary widely from 
area t o  area. 
beds f o r  salmon spawning have been 
estimated t o  range from $10,000 pe r  
a c r e  ($24,70O/ha) on Lost Creek, 
Willamette Nat ional  Fores t ,  t o  $3.2 

Upper va lues  of stream- 

F i g u r e  4 .  - - I n d i r e c t  l o g g i n g  assess- 
ments for p o s s i b l e  o n s i t e  damage 
due t o  c u m u l a t i v e  soil loss by 
a c c e l e r a t e d  soil e r o s i o n  a f t e r  
f i r e .  

m i l l i o n  p e r  a c r e  ($7.9 mi l l ion jha)  a t  
t h e  Fraser  River ,  B r i t i s h  Columbia, 
Canada.21 Numbers of salmon spawning 
i n  t he  E n t i a t  River below t h e  study 
area watersheds appear t o  be similar 
t o  o r  s l i g h t l y  below those reported 
f o r  Lost Creek. Dete r io ra t ion  i n  watek 
q u a l i t y  and damaged salmon spawning 
beds by s o i l  e ros ion  from t h e  s tudy 
area are evident  i n  t he  E n t i a t  River.  
However, o t h e r  e ros ion  l o s se s  from 
f i r e- a f f  ected watersheds ou ts ide  the  
s tudy area make estimates of damages 
t o  f i s h e r i e s  by each system of logging 
impossible.  

The only downstream damages f o r  
which cos t  estimates as a func t ion  of 
s o i l  l o s s  appear t o  be r e a d i l y  a v a i l a b l e  
f o r  assess ing aga ins t  timber harves t  
i n  t h e  study area are those due t o  
r e s e r v o i r  sedimentation. 

Sediment removal co s t s  are a v a i l a b l e  
from r e s e r v o i r  sediment removal p ro j ec t s .  

?’ R. W .  Ph i l l ips .  Fishery resource 
considerations on western forest  lands. 
Forest-Fisheries Habitat Seminar, Feb. 1 7 ,  
1970 , Reedsport, k e g .  
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Cost of sediment removal w i l l  range 
from $0.25 per  cubic  yard ($0.33/m3) 
f o r  dredging t o  as much as $18.30 
($24.00/m3) o r  more where s p e c i f i c  
placement of sediment is involved. 
Since sediment removal c o s t s  are 
not a v a i l a b l e  f o r  t h e  hydroe lec t r i c  
s to rage  r e s e r v o i r s  below the  s tudy 
area, I w i l l  assume an approximate 
average cos t  of $4 per  cubic yard 
($5.25/m3) f o r  sediment removal. 
This average c o s t  may be q u i t e  
conserva t ive ,  p a r t i c u l a r l y  i n  areas 
where t h e  cu r ren t  energy crisis 
increases t h e  necess i ty  and va lue  
of water i n  r e s e r v o i r  s to rage .  

Equation 2 provides t h e  
incremental  sedimentat ion cos t .  

No exact average depth of s o i l  
l o s s  can be measured f o r  the  var ious  
timber harves t  techniques used i n  
t h e  s tudy area. 
estimate of s o i l  l o s s  (Klock 1975) t o  
develop a f i r s t  approximation of t o t a l  
i n d i r e c t  c o s t s  wi th  equat ions  1 and 2 
f o r  comparison of ,poss ib ly  more realist ic 
long-term c o s t  of timber harves t  by t h e  
var ious  techniques i n  the  s tudy area. 
The r e s u l t s  are shown i n  t a b l e  1. 

I used a rough 

I n  t a b l e  1 the  harvested timber 
has been assessed some of t h e  i n d i r e c t  
c o s t s  c rea ted  by s o i l  e ros ion  i n  the  
s tudy area. I n  t h i s  case, several 

area x eros ion  depth X removal c o s t  Sedimentation assessment = timber volume assessed  

Equation 2 shows t h a t  an average 1 
s u r f a c e  inch of s o i l  loss w i l l  c r e a t e  
a sedimentat ion assessment of $62.53 
per  1,000 board f e e t  of  s a w  l ogs ,  
based on a sediment removal c o s t .  of 
$4 per  cubic yard i n  t h e  s tudy area. 

I have attempted t o  estimate only 
c o s t s  of  e ros ion  due t o  yarding. 
Fredriksen (1970) has  shown t h a t  
timber ha rves t  roads i n  western Oregon 
can cause an inc rease  i n  stream load  
sediment i n  t h e  f i r s t  year  of up t o  
12 .5  tons  per  acre. I n  another  s tudy 
(Klock 1975), I found t h e  combination 
of cab le  skidding and t r a c t o r  yarding 
r e s u l t e d  i n  1 2  percent  more spu r  roads 
than d id  t h e  combination of h e l i c o p t e r  
and t r a c t o r  yarding.  This  i nc rease  
i n  roads c e r t a i n l y  demonstrates the  
p o t e n t i a l l y  h igher  r e s e r v o i r  sedi-  
mentation cos t  of t r a d i t i o n a l  yarding,  
compared wi th  advanced logging systems. 

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

By combining t h e  o n s i t e  and 
downstream damages i n  terms of c o s t s  
as a funct ion  of soil loss by eros ion ,  
I developed a f i r s t  approximation of 
t h e  t o t a l  i n d i r e c t  cos t  assessment 
t h a t  could be made aga ins t  the  timber 
harvested wi th in  t h e .  s tudy area i n  
1972  ( f i g .  5) .  

r , I I I 

CUMULATIVE SOIL LOSS - INCHES 

F i g u r e  5 .--Total indirect  l o g g i n g  a s s e s s m e n t s  
for onsite and downstream damages due t o  
c u m u l a t i v e  soil loss by a c c e l e r a t e d  erosion 
a f t e r  f i r e .  
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Table l--Some cost estimates of tree removal per 1,'oOO board fee t  of merchantabze lwnber 
for aeveraZ yarding systems used in the fire-affected study area 

I n d i r e c t  assessment 
Erosion D i r e c t  c o s t u  I /  I P r o d u c t i v i t y  Sedimentation 

Sys tem T o t  a 1 I' cost I' 

T r a c t o r ,  slopes 0-30% 0.20 34.85 3.30 12.50 50.65 

T r a c t o r  (over snow), 
slopes 0 4 %  .08 38.60 1.50 5.00 45.10 

Cab 1 e skidding 1.50 35 .OO 17.00 93.80 145.80 
Skyl ine  (Wyssen) .04 52.73 .80 2.52 56.05 
He1 i copter .04 74.98 .80 2.52 78.30 

T r a c t o r ,  slopes 3040% .80 34.85 10.60 50.00 95.45 

!/ Cost f igures are  for  t imber  d e l i v e r e d  a t  t h e  m i l l  f o r  each yarding method used i n  t h e  
study area and were provided by Pack-River Lumber Company, Peshastin, Wash. 

t r a d i t i o n a l  systems of harvest ( t r a c t o r  
over s t eep ,  ba re  ground and cable  
skidding) were h igher  i n  t o t a l  cos t  
than the advanced systems (skyl ine  
and h e l i c o p t e r ) .  Trac tor  logging 
over snow appears  t o  have t h e  lowest 
t o t a l  u n i t  cos t  and is considered an 
environmentally acceptable  method of 
yarding i n  t h e  s tudy area. 

It should again  b e  poin ted  ou t  
t h a t  these  yarlding cos t  c o n t r a s t s  
were developed where (1) t h e  environ- 
mental ly sensitive s tudy area w a s  i n  
a fire sa lvage  sale, (2) t h e  s tudy  
area w a s  seve re ly  s t r e s s e d  by unpre- 
d i c t a b l e  climatic events ,  (3) once a 
p a r t i c l e  of eroded s o i l  e n t e r s  a 
stream system it  w i l l  .be impounded 
i n  a r e s e r v o i r ,  ( 4 )  several assumptions 
and estimates were used in the models, 
and (5) o the r  i n d i r e c t  c o s t s  such as 
d e t e r i o r a t i o n  of water q u a l i t y  and 
f i s h  h a b i t a t  and t h e  de t r imenta l  e f f e c t  
of sediment from the road system were 
not  included. These c o s t  comparisons 
m u s t  be  considered as f i r s t  approxi- 
mations. 

Some of the i n d i r e c t  logging c o s t  
estimates i n  t a b l e  1 a l s o  inc lude  eros ion  
damages as t h e  r e s u l t  of f i r e  by i t s e l f .  
Therefore t h e  suggested analyses method 
used he re  does cause a r e l a t i v e l y  small 
e r r o r  (up t o  $2-$3 per  1,000 board f e e t ) .  
T h i s  overest imate of t h e  i n d i r e c t  c o s t  
caused by i n s u f f i c i e n t  information on 
eros ion  levels as a r e s u l t  of f i r e  alone 
appears  most no t i ceab le  f o r  advanced 
loggfng methods used on s t e e p  s lopes .  
Linear  programing, as w e l l  as o the r  
u s e f u l  t o o l s  of economic ana lys i s ,  w a s  
not  considered i n  t h i s  approach t o  
es t imat ing  i n d i r e c t  cos t .  However, 
t a b l e  1 b a s i c a l l y  showed t h a t  i t  may 
have been more reasonable on a long-term 
cos t  b a s i s  t o  h a m e s t  wi th  an advanced 
logging system ins t ead  of t h e  cable 
lskidding and t r a c t o r  systems i n  some 
p a r t s  of the study area. This observa- 
t fon  is  reached without  determining 
any cos t  t o  d e t e r i o r a t i o n  i n  esthetic 
va lues  which may a l s o  be important i n  
this example. 
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SUMMARY 

Hypothet ical  e ros ion  assessment 
models have been developed f o r  de te r-  
mining some of t h e  o n s i t e  and downstream 
damage pos s ib l e  by logging. By us ing  
t h e  s o i l  e ro s ion  p o t e n t i a l  f o r  several 
yarding systems t o  determine t h e  e ros ion  
assessments, t o t a l  r e l a t i v e  logging c o s t s  
f o r  each system may be  evaluated.  This 
eva lua t ion  method may show t h a t  environ-  
mental ly  acceptab le  advanced systems of 
of yarding could c o s t  less than t r a d i-  

t i o n a l  yarding systems at some loca t ions .  
An example of the poss ib l e  c o s t  advan- 
tage  of using an advanced system is 
given f o r  a fire sa lvage  s tudy area 
descr ibed i n  Rlock (1975). 

When these  suggested hypothe t ica l  
models are used as t o o l s  f o r  making 
environmentalJy acceptable  land manage- 
ment dec is ions ,  t he  c o s t  advantage of 
us ing  advanced tree removal techniques 
may be  more evident  i n  many areas of 
our western f o r e s t s .  

L I T E R A T U R E  C I T E D  

Dyrness, 
1967 . 

For. 
For.. 

Dyrness , 
1972 . 

For. 
For. 

C. T. 
S o i l  sur face  condi t ions follawfng sky l ine  logging. U.S. Dep. Agric. 
S e n .  Res .  Note PNW-55. U.S. Dep. Agric. For. Serv.,  Pac. Northwest 
& Range Exp. Stn. ,  Por t land ,  Oreg. 

C. T. 
S o i l  su r f ace  condi t ions  following balloon logging. U.S. Dep. Agric. 
Serv. Res. Note PNW-182. U.S. Dep. 
ti Range'Exp. Stn., Port land,  Orego 

Fredriksen,  R. L. 
1970. Erosion and sedimentation following 

on uns tab le  s o i l s  i n  t h r e e  smal l .wes te rn  
For. Serv.  R e s .  Pap. PNW-104. U.S. Dep. 
For. 6 Range Exp. Stn . ,  Por t land ,  Oreg. 

Agric. For. Se rv . ,  Pac. Northwest 

road cons t ruc t ion  and timber harves t  
Oregon watersheds. U.S. Dep. Agric. 
Agric. For. Serv.,  Pac. Northwest 

Klock, Glen 0. 
1975. Impact of five p o s t f i r e  salvage iogging systems on s o i l s  and vege ta t ion .  

J. S o i l  &I Water Conserv. 30:78-81. 

Perkins ,  R. F., R. A. Woodward, and T. P. Ryan 
1971. North Central Washington F i r e  Rehab i l i t a t i on  P ro j ec t  1970, Wenatchee and  

Okanogan National  Fores t s .  U.S. Dep. Agric. For. S e n .  Wenatchee N a t l .  For. 
Release. Wenatchee, Wash. 

Ruth, Robert H. 
1967. S i l v i c u l t u r a l  effects of sky l ine  crane and high- lead yarding. J. For. 

65 : 251-255. 

Tiedemann, A. R., and J. D. Helvey 
1973. Nut r ien t  i o n  l o s s e s  in streamflow a f t e r  f i r e  and f e r t i l i z a t i o n  i n  

e a s t e r n  Washington. (Abstr.) B u l l .  Ecol. SOC. Am. 54(1):20. 

Tied-, Arthur R., and Glen 0. Klock.  
1973. P i r s t- yea r  vege ta t ion  after fire,  reseeding,  and f e r t i l i z a t i o n  on the  

En t ia t  Experimental Fores t .  
U.S. Dep. Agric. For. Se rv . ,  Pac. Northwest For. & Range Exp. Stn . ,  Por t land ,  
Oreg . 

U.S. Dep. Agr€c. For. Serv. Res .  Note PNW-195. 

8 



Woolridge, David D. 
1960. Watershed d is turbance  from t r a c t o r  and sky l ine  crane logging. 

J. For. 58:369-372. 

Zavitkovski,  J., and M. Newton 
1968. Ecological  importance of snowbrush Ceanothus vek t inus  in the Oregon 

Cascades. Ecology 49 (6) :1134-1145. 

* * * * * * * *  

9 



The mission of the PACIFIC NORTHWEST FOREST 
AND RANGE EXPERIMENT STATION is to provide the 
knowledge, technology, and alternatives for present and 
future protection, management, and use of forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimulates research to facilitate and to accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and 
levels of resource management. 
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environment. 
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a growing Nation. 
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