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ABSTRACT 

Comprehensive logging cost information has not been available in the Northern 
Rocky Mountains (Montana and northern Idaho) since 1982 when the USDA Forest 
Service Northern Region implemented a timber sale appraisal system that did not 
require harvest cost data. To establish updated harvest costs, the largest logging 
companies and processors oflogs in Montana were surveyed to determine average 1991 
costs for individual harvest activities (operator planning and administration, felling, 
limbing and bucking, skidding/yarding, and loading). Operator planning and admini
stration contributed least to total harvest costs, while the skidding/yarding activity 
contributed most. Average costs for the individual activities were combined to estimate 
stump-to-loaded-truck harvest costs for eight harvest systems commonly used in 
Montana (three ground-based systems, four cable systems, and one aerial system). 
Stump-to-truck harvest costs for typical logging systems on tractor ground ranged from 
$87 to $123/thousand board feet (MBF) Scribner. Average cable system costs ranged 
from $131/MBF for a typical groundlead system to $164/MBF for a skyline system 
yarding downhill. Reported helicopter system stump-to-truck costs averaged 
$233/MBF. The biggest differences in activity costs among the various systems were 
found in the skidding/yarding component. Costs for this activity ranged from $25/MBF 
using a rubber-tired grapple skidder to $182/MBF for a helicopter system. Respondents 
were also asked to identify the primary factors influencing costs. Piece size, skid
ding/yarding distance, harvest volume per acre, and harvest unit layout were the factors 
most often cited as influencing logging costs. 

modifications that will accompany their 
implementation (1-3). The purpose in 
developing costs by overall harvest sys
tem and component activities was to 
provide· a baseline for estimating the 
impact on harvest costs of modifying 
traditional silvicultural prescriptions. 
This information also provides opera
tors a reference for comparing average 

activity costs of the systems they use 
with those of alternative systems used 
under similar conditions. Finally, it pro
vides an updated source of harvest costs 
for forestry consultants and private for
est landowners. 

Specific objectives of this study were 
to: 

I. Estimate costs of the major activities 
associated with moving timber from 
the stump to the truck. 

2. Develop stump-to-truck costs for har
vest systems common! y used in Mon
tana. 

3. Identify the primary factors that influ
ence harvest costs. 

METHODS 

The major harvest systems - and the 
primary activities that comprise them -
were identified through discussions 
with timber processing companies in 
Montana. Costs associated with the key 
harvest activities were obtained through 
a follow-up survey of the same compa
nies. These companies accounted for 
over 85 percent of the volume harvested 
in Montana in 1991 (6). Most of the 
harvest in 1991 was accomplished un
der traditional even-aged cutting pre
scriptions: clearcut. seed-tree, and shel
terwood (6). 

The following five activities were 
used to profile stump-to-truck costs for 
a given harvest system. 

Historically, the USDA Forest 
Service N orthem Region's residual 
value appraisal system was the main 
source of logging cost data in Montana, 
northern Idaho, and western North Da
kota. This method of selling timber was 
phased out between 1982 and 1987, and 
replaced by a transaction evidence sys
tem that did not require timber harvest 
cost data. Consequently, logging cost 
data were not collected by the agency 
after 1982. 

Harvest cost information is of par
ticular interest given the move toward 
New Forestry and ecosystem manage
ment, and the harvest prescription 

The authors are, respectively, Research Professor and Director of Forest Industries 
Research, Bureau of Business and Economic Research, the Univ. of Montana. Missoula, MT 
59812; Research Assistant Professor, School of Forestry, the Univ. of Montana, Missoula, 
MT 59812; and Research Assistant. Bureau of Business and Economic Research, the Umv. 
of Montana. This paper was received for publication in September 1994. 
© Forest Products Society 1995. 

Forest Prod. J. 45(7/8):78-82. 

.78 JULY/AUGUST I 99!5 



• Operator plunning and admin1stra
non 

• Felling: This component distin
guished two rr.ethods, hand versus me
chanical felling. 

• Limbing and bucking: Under hand 
felling, limbing and bucking was to be 
done in the woods: under mechanical 
felling. costs were developed both for 
limbing and bucking in the woods and at 
the landing. 

• Skidding(varding: Methods for 
moving the logs to the landing included 
tractors with chokers or grapples, rub
ber-tired skidders with chokers or grap
ples, log forwarders, groundlead and 
skyline cable systems, and helicopters. 

• Loading 

The discussions with logging and 
processing firms identified three 
ground-based systems, four cable sys
tems, and one aerial system, which ac
count for much of the volume harvested 
in Montana. While numerous variations 
of these systems exist, the identified 
systems were of primary interest for es
timating harvest costs. The systems de
scribed are not always used to harvest 
the same kinds of timber under the same 
terrain and conditions. For example, 
mechanical felling systems are gener-

ally used to harvest smaller diameter 
material ( e.g .. 7 to 14 in. in diameter) on 
relatively gentle slopes. Cable and heli
copter systems are used on steeper 
ground. and in 199 l. generally for 
larger diameter timber. 

The three systems identified for har
vesting timber using ground skidding 
were: I) a typical hand-felling system, 
in which the timber is felled by hand, 
limbed and bucked in the woods. and 
skidded by tractor with chokers to the 
landing; 2) a typical mechanical system, 
using a mechanical feller-buncher, a 
rubber-tired grapple skidder for skid
ding, with limbing and bucking at the 
landing; and 3) a typical forwarder sys
tem using a mechanical feller-buncher, 
with limbing and bucking in the woods 
and a cut-to-length forwarder for mov
ing logs to the landing. 

The four cable systems were: I) a 
typical groundlead system (a cable sys
tem that does not have a vertical lift 
capability); 2) a typical uphill skyline 
system (a system employing a carriage 
to vertically lift logs and move them 
along a cable stretched between two 
spars); 3) an uphill skyline system with 
intermediate supports, which allows 
transport oflogs over long distances and 
on slopes with deflection problems; and 

4) a downhill skyline system. which 
also lifts logs off the ground but moves 
them downhill rather than uphill. 

The aerial system was based on mid
sized helicopters with lift capab1lit1es 
from 3,000 to 5.000 pounds. 

For a given system. average costs for 
the five harvest activities (and specific 
felling, limbing and bucking, and skid
ding/yarding methods associated with 
that system) were summed to estimate 
total stump-to-loaded-truck harvest 
costs. 

RESULTS AND DISCUSSION 

COSTS OF HARVEST ACTIVITIES 

Operator planning and administra
tion was the least expensive of any of 
the five harvest-related activities. Aver
age costs by system for this activity 
ranged from $7 to $ I 1/MBF (Table 1 ). 

The key component of any harvest 
system, the actual felling activity, ac-

. counts for a rather minor amount of 
overall harvest costs. The average cost 
of the hand felling method was cheaper 
than mechanical felling ($13 vs. 
$18/MBF), a difference respondents at
tribute to the larger average diameter of 
trees felled by hand ( 15 in. vs. l O in.). 

Costs associated with the limbing 
and bucking activity varied widely 

TABLE/.- Activity costs for lugging systems in Montana in /99/ . 

Activity 

Operator planning and 
adrrunistrauon 

Felling 
Hand 
Mechanical 

Limbing and bucking 
Hand 
Mechanical at the landing 
Mechanical in the woods 

Skidding 
Tractor w/grapple 
Tractor w/ choker 
Rubber-tired w/ grapple 
Rubber-tired w/ choker 
Forwarder 

Yarding 
Ground lead 
Skyline uphill 
Skyline uphill w/ supports 
Skyline downhill 
Helicopter 

Loadin 

Tractor system Cable system Helicopter system 

Average Range Average Range Average Range 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (S/MBF) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

II 5 to 20 8 5 to 11 7 5 to 10 

13 7 to 20 13 7 to 20 13 7 to 18 
18 8 to 30 

19 13 to 25 17 8 to 25 19 13 to 25 
20 7 to 30 
37 19 to 54 

28 13 to 45 
33 14 to44 
25 15 to 35 
32 20 to 44 
44 38 to 50 

81 42 to 150 
98 69 to 175 

106 74 to 180 
114 90 to 180 

182 155 to 200 

13 9 to 15 12 9 to 25 14 11 to 20 
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TABLE 2. A ,·era~e i99/ o<ts ;or i<1n o1H 11mber h<1r ,e.111v<1ems. 

Act1vnv 
Operator planning Tntal ,tump 10 

Harvest system and admimstrat1on Felling Limbing & bucking Sk1dding;yarding Loading truck .:,,,t 

___ __ __ ___ ___ _ - _ _ - _ - - - - - - - - - - - - - - - (S -:l-1BF) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ground system 

Typical mechanical system 
Typical hand felling svstem 
T, p1cal forwarder system 

Cab le system 
Groundlead 
Uphill skyl ine 
Uphill skyline w/ intermediate supports 
Downhill skyli ne 

Hehcopter svstem 

a m o ng method s . from a low o f 
$ 171MBF for hand limbing and bucking 
in the woods, to a high of$37/MBF for 
in-woods mechanical processing using 
either a stationary or slide boom proces
sor. However, mechanical limbing and 
bucking using this equipment at the 
landing was only about half as costly as 
in-woods processing ($20 vs . 
$37/MBF). 

The skidding/yarding activity was 
the most expensive among the five 
phases comprising a harvest system. 
The largest differences in activity costs 
among the various systems were also 
found in this component. where costs 
ranged from $25/MBF using a rubber
tired grapple skidder to $182/MBF for 
aerial yarding. 

The average skidding/yarding dis
tances varied by system. The average 
skidding distance for tractor and rubber
tired skidders was 500 to 700 feet, while 
the average for systems using forward
ers was 1,000 to 1,200 feet. The average 
yarding distance for cable systems was 
500 to 600 feet, and the average yarding 
distance for helicopters was 1,000 to 
1,200 feet. 

Among the wheeled or tracked sys
tems, moving logs to the landing by 
forwarder was substantially more ex
pensive than any of the alternatives 
($44/MBF vs . $25 to $33/MBF). 

The costs of loading are a relatively 
minor component of the overall stump
to-truck costs of a harvest system. The 
average cost for this activity ranged 
from $12 to $14/MBF. 

HARVEST COST 
BY LOGGING SYSTEM 

Average stump-to-truck harvest 
costs for identified ground-based sys-

80 

11 
II 
I I 

8 
8 
8 
8 

7 

18 20 
13 19 
18 37 

I 3 17 
13 17 
13 17 
13 17 

13 17 

terns ranged from $87 to $123/MBF 
(Table 2) . Costs vary based on whether 
the operation employs hand- or me
chanical-fel Ii ng , where the limbing 
takes place, and how the timber is skid
ded. 

Costs per MBF for a typical me-· 
chanical system on gentle ground are 
$11 for planning and administration, 
$1 8 for felling, $20 for limbing and 
bucking at the landing, $25 for rubber
tired grapple skidding, and $13 for load
ing, for an average on-truck cost of $87 . 

Harvest costs for a typical hand-fell
ing system on tractor ground were 
nearly the same as for the mechanical 
system ($89 vs. $87/MBF). In contrast. 
on-the-truck costs for the log forwarder 
system were approximately one-third 
higher ($123/MBF). 

Average logging costs for cable sys
tems ranged from $131/MBF for a typi
cal groundlead system to $164/MBF for 
a downhill skyline system. Differences 
in stump-to-truck harvest costs among 
cable systems are due entirely to differ
ences in yarding costs, reflecting the 
increased complexity of yarding associ
ated with the move from uphill skyline 
to downhill skyline systems. 

Reported stump-to-truck costs for 
helicopter logging averaged $233/MBF. 
Higher overall harvest costs for this sys
tem are due almost entirely to higher 
yarding costs. 

FACTORS INFLUENCING COSTS 

The factors that operators use to esti
mate the cost of major harvest activities 
- planning and administration, felling, 
bucking and limbing, skidding/yarding, 
and loading- are shown in Table 3 . 

For the operator planning and ad-

25 13 ~-
\J 13 X9 
44 13 I,, 

d 

81 12 I JI 
98 12 148 

106 12 156 
11 4 12 164 

182 14 233 

m1rustrat1on activity, more firm s con
sider harvest unit layout than any other 
factor when estimating costs. 

All respondents cited piece size and 
harvest volume per acre as important 
factors in estimating hand felling costs. 
Nearly all consider these two factors 
plus slope when estimating mecharucal 
felling costs. 

Piece size is the most important fac
tor in considering hand limbing and 
bucking costs. All respondents use piece 
size in estimating costs of mechanical 
limbing and bucking at the landing. 
While there were few respondents fo r 
the category of mechanical limbing and 
bucking in the woods, all factors were 
considered important in estimating 
costs for this activity. 

Four factors - piece size . skid
ding/yarding distance, harvest volume, 
and slope - are used by more than 90 
percent of the firms to estimate costs of 
skidding with either a tractor or rubber
tired skidder (chokers or grapp les). 
Slope, skidding/yarding distance, and 
harvest volume/acre were important 
factors affecting costs to respondents 
using forwarders to move logs. 

Piece size, yarding distance, and har
vest volume per acre were important 
considerations in estimating yarding 
costs to virtually all respondents usmg 
cable and helicopter yarding systems. In 
addition to these factors, landing 
size/design, utilization specifications. 
and elevation (not shown in Table 3 ) 
were cited by all respondents using heli
copter systems as significant factors af
fecting costs. 

Only two factors , piece size and 
landing size/design, are seen as 1mpor-
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1 7'J1.BLE J, --. f'qcrors used to estimate cost per unit produced 

Number Harvest unit Utilization Skidding/yarding Volume per Leave volume Post harvest 
Activity of firms layout" specifications requirements harvest method per acre treatment 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (Number who use each factor) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .... 
Operator planning and 

administration 16 15 12 14 14 II 12 

Limbing and 
Number Harvest volume Leave volume Season/seasonal Utilization bucking 
of firms Piece size per acre per acre Slope constraint specification requirements 

Felling 
Hand felling 14 14 14 9 10 8 10 II 
Methanical felling . 15 13 14 9 14 IO 9 7 

Limbing and bucking ' 
I-land limb and buck 12 10 7 3 8 6 7 6 
Mechanical limb and buck 

at the landing 15 '15 6 2 6 5 10 10 
Mechanical limb and buck 

in the woods 4 3 3 3 3 3 3 3 

Number Piece Skidding/yarding Harvest volume Leave volume Utilization Slash/top 
of firms size distance per acre per acre Slope specification tn:atnu:nt 

Skidding 
Tracler w/ grapple 14 13 14 14 7 14 7 10 
Tractor w/ choker 12 12 12 12 8 II 7 9 
Rubber-tired w/ grapple 13 13 13 13 9 13 8 9 
Rubber-tired w/ choker 12 12 12 12 8 12 7 9 

Yarding 
Forwarders 4 2 3 3 2 4 I 2 
Groundlead 5 5 5 4 4 3 3 4 
Skyline uphill 10 10 10 9 7 6 5 8 
Skyline uphill w/ supports 8 8 8 8 7 6 5 7 
Skyline downhill 7 7 7 7 7 7 5 6 
Helicopter 5 5 5 4 4 2 5 4 

Number Landing size Seasonal 
of firms Piece size and design constraints 

Loading 20 16 14 5 

• Includes spatial distribution of harvest units and harvest methods . 

---------·- - --

Season/seasonal Ground Landing size 
constraint condition and design 

9 II 7 
7 10 7 
9 II 9 
7 10 8 

I 2 2 
5 2 4 
7 7 7 
7 6 6 
7 6 7 
4 3 5 



tant considerations when estimating 
loading costs. 

The results presented here are a first 
step in developing an approach to esti
mate the influence of new silvicultural 
and harvest prescriptions on logging 
costs. This paper provides average costs 
of the major harvest systems used in 
Montana under more traditional 
silvicultural prescriptions, and identi
fies the major factors influencing costs 
of individual harvest activities. 

Because many variables can poten
tially influence costs, researchers have 
historically had problems developing 
models that are both parsimonious and 
explain significant amounts of variation 
( 4,8). Results of this study indicate that 
modeling will likely become even more 
challenging as harvest prescriptions be
come more complex. 

Respondents indicated that the more 
complex the logging system, the more 
expensive it was, and the more factors 
that must be considered in estimating 
costs. For example, all seven of the 
firms providing information on down
hill cable yarding indicated that piece 
size, yarding distance, harvest volume 
per acre, leave volume per acre, slope, 
seasonal constraints, and landing size 
were important factors influencing 
costs; six of seven also included slash 
treatment and ground condition. Build
ing equations that can accurately predict 
harvest costs for complex harvest sys
tems is a daunting task because of the 
difficulty of accurately measuring or 
quantifying some independent vari
ables, and because of potential correla
tion or interaction among them. 

It is also clear that harvest prescrip
tions modified to accommodate the vis
ual and biological impacts of logging 
have the potential to substantially influ
ence costs. This influence may come in 
the form of operability constraints on 
the area to be harvested, specific re
quirements associated with individual 
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harvest systems, or through changes in 
the size and quantity of timber available 
for harvest from a given site. For exam
ple, the need to mitigate visual impacts 
and eliminate roads in scenic travel cor
ridors in the West commonly requires 
the use of helicopter systems in plase of 
cable systems, despite their greater 
costs. 

Modified (New Forestry) silvicultu
ral prescriptions will also affect the ma
jor factors influencing costs, regardless 
of the harvest system used. For exam
ple, most New Forestry prescriptions 
call for leaving more stems per acre 
(including some larger trees) than tradi
tionally were left (3). This modification 
affects both piece size and harvest vol
ume per acre, two of the most important 
variables affecting costs. Other changes 
accompanying New Forestry, such as 
leaving clumps of understory trees (5) 
and reduced road building (7), have po
tential to impact skidding and yarding 
distance and choice of harvest system. 

The choice of harvest system is in
fluenced primarily by timber charac
teristics and terrain. For example, a sys
tem consisting of a mechanical 
harvester and rubber-tired skidder is de
signed for relatively small timber on 
gentle ground (generally slopes< 35%), 
and cannot be used to harvest large-di
ameter timber on steep slopes. How
ever, the land manager can exert sub
stantial influence on harvest costs by 
prescribing the size and quantity of tim
ber harvested, and setting harvest sys
tem requirements. 

CONCLUSIONS 

Stump-to-truck harvest costs were 
developed for harvest systems that ac
count for >85 percent of the timber har
vest in Montana. Of the eight systems 
examined, a system including mechani
cal-felling, limbing and bucking at the 
landing, and rubber-tired grapple skid
ding was the cheapest ($87/MBF); 
while a helicopter system with moder-

ate lift capability was the most expen
sive ($233/MBF). Of the five activities 
comprising a harvest system ( operator 
planning and administration felling 
limbing and bucking, skiddin~yarding: 
and loading), operator planning and ad
ministration contributed least to total 
stump-to-truck costs, and yarding con
tributed most. Yarding was also the ac
tivity cost that varied most among har
vest systems ($25 to $182/ MBF). 
Harvest unit layout is the factor that 
most affects operator planning and ad
ministration costs; piece size and har
vest volume/acre most affect felling 
costs; piece size most affects limbing 
and bucking costs; piece size, skid
ding/yarding distance, and harvest vol
ume/acre most affect skidding/yarding 
costs; and piece size most affects load
ing costs. 
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