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AbstrAct

Kellogg, LD, and CT Davis. 2006. Tractor Thinning Productivity 
and Costs: Experience from the Willamette Young Stand Project. Re-
search Contribution 48, Forest Research Laboratory, Oregon State 
University, Corvallis.

Harvesting productivity rates and costs were determined for three 
silvicultural treatments used in commercial ground-based thinning of 
young stands to achieve timber management objectives and enhance 
wildlife habitat. Treatment definitions were based on residual trees 
per acre (tpa) after thinning. The treatments were light thin (115 
residual tpa), light thin with 0.5-ac openings (92 residual tpa), and 
heavy thin (53 residual tpa). The three study sites were 44- to 46-
yr-old stands of Douglas-fir [Pseudotsuga menziesii (Mirb.) Franco] 
located in the Cascade Mountains of west central Oregon. Detailed 
time studies were conducted on timber fallers and crawler tractors 
and used to develop multiple linear regression models to predict 
delay-free felling and skidding cycle times for each site. The inde-
pendent variables common to the regression models to determine 
delay-free felling cycle time at all sites were diameter at breast height, 
number of cuts, and number of limbs cut. Only skidding distance 
was common to all regression models for determining delay-free 
skidding cycle time. Total costs for each treatment were obtained 
by combining felling, skidding, and moving costs for the entire 
operation. Felling costs ranged from $7.20/CCF to $17.73/CCF. 
Skidding and loading costs ranged from $15.42/CCF to $38.69/
CCF. The cost and productivity results from this study emphasize 
the importance for forest managers to consider factors such as vol-
ume removed and skidding distance when prescribing alternative 
silvicultural treatments for young Douglas-fir stands.
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inTroducTion
In the Pacific Northwest, federal forest policy and land-use objectives have changed 
from maximizing timber productivity to ecosystem management. Ecosystem manage-
ment recognizes that natural systems must be sustained in order to meet future social 
and economic needs (Kellogg et al. 1999). New information and better understanding 
of ecological processes highlight the role of biological diversity in sustaining the health 
and productivity of forest ecosystems (Kaiser 1997).

Many Douglas-fir [Pseudotsuga menziesii (Mirb.) Franco] stands are in early seral stages 
(0–50 yr old) across western Oregon and Washington. Although management objectives 
for these stands vary, thinning may help achieve differing goals (Hayes et al. 1997). The 
“Willamette Young Stand Thinning and Diversity Project”, a long-term, multidisciplinary 
research study, was designed to gain understanding of how different management strate-
gies in young stands affect ecosystem diversity.

The primary silvicultural goals of the project were to determine if thinning, under-
planting, and creation of snags could accelerate the development of late successional 
habitat and increase plant and wildlife habitat diversity in 40- to 50-yr-old planta-
tions of Douglas-fir. Logging costs and productivity were subsequently divided on the 
basis of harvesting system. This paper is part of a series reporting on the harvesting 
economics. Other major aspects of the overall study included resource management 
implications, monitoring wildlife and vegetation impacts, tree growth-and-yield re-
sponses, mushroom productivity, and social perceptions of the silvicultural methods. 
A list of published work covering various aspects of the overall project can be found at 
http://www.fsl.orst.edu/ccem/yst/pubs/pubs.html.

Three harvesting systems used to accomplish the silvicultural objectives were evaluated 
based on environmental and economical performance: conventional ground-based skid-
ding systems (crawler-tractors), small to mid-sized skyline yarding systems, and cut-to-
length systems (harvester/forwarder). The ground-based skidding and skyline yarding 
systems used chainsaw felling.

The harvesting portion of this study has been published in a series of reports:

• planning and layout costs (Kellogg et al. 1996a)

• logging productivity and costs

 °  skyline yarding (Kellogg et al. 1996b)

 ° cut-to-length harvesting systems (Kellogg and Spong 2004)

• residual stand damage (Han 1997; Han and Kellogg 1997)

• soil compaction (Allen 1997).
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This paper summarizes detailed productivity and cost information for the crawler-tractor log-
ging system.

Small crawler-tractors have proven to be efficient and maneuverable machines for timber trans-
port in thinning studies (Bennett 1993). These systems may also be able to operate effectively 
in a stand while minimizing residual stand damage and soil compaction (Bennett 1993; Klepac 
et al. 1999). Using small crawler-tractors and rubber-tired skidders on designated skid trails, 
with winch lines to reduce soil compaction and residual stand damage, can also be efficient 
(Garland 1983).

Specific objectives in the harvesting economics studies were to

• create regression equations that predict delay-free cycle times from significant independent 
variables

• determine productivity rates and costs per hour for felling, yarding, and skidding

• obtain information on delays for use in harvesting simulation

• determine productivity rates and logging costs per unit volume for each component of 
the logging system (felling and skidding) and for the system as a whole.

This paper addresses these objectives for crawler-tractor harvesting systems and their associa-
tions with several silvicultural prescriptions.

ProjEcT dEscriPTion

sTudy siTEs and TrEaTmEnTs

The 208-ac study area was located in the western Cascade Mountains of Oregon, in the Wil-
lamette National Forest. The Blue River and McKenzie Ranger Districts were responsible for 
sale administration during the study. The study was comprised of four timber sales, each ap-
plying one or more of four silvicultural treatments. Results from only two of the timber sales 
were used in this crawler-tractor analysis.

The four silvicultural treatments were designed and labeled as follows: 

• Control (C): no thinning (Because there was no harvest in this treatment, it is not dis-
cussed further in this paper.)

• Light thin (LT): 110–120 residual trees per acre (tpa)—considered the traditional thin-
ning treatment within sites

• Light thin with openings (LTO): same residual tpa as LT with 0.5-ac openings dispersed 
systematically throughout the unit, encompassing approximately 20% of the total area

• Heavy thin (HT): 50–55 residual tpa.

For the crawler-tractor portion of the study, the Mill Thin 1 Sale, on the McKenzie Ranger 
District, had one replication each of the LT and HT silvicultural treatments. The Mill Thin 
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2 Sale, also on the McKenzie Ranger District, had one 
replication of the LTO silvicultural treatment. The Tap 
Thin Sale, on the Blue River Ranger District, had one 
replication each of the LT and HT silvicultural treat-
ments. Specific information for each site and treatment 
is given in Table 1.

Each site contained second-growth stands of Douglas-fir 
that had been clearcut during the mid-1940s and early 
1950s. After initial logging, the sites were broadcast 
burned and allowed to regenerate naturally for 2–4 years 
before being interplanted with Douglas-fir. All stands 
consisted almost entirely of Douglas-fir with some scat-
tered western hemlock (Tsuga heterophylla (Raf.) Sarg.) 

and western red cedar (Thuja plicata Donn ex D. Don). 
The elevation ranged from 2,000 to 2,500 feet. The 
crawler-tractor harvesting portion occurred in summer at 
all sites; at Tap Thin, some harvesting was completed in 
spring for the LT treatment. Table 2 lists detailed stand 
characteristics for each site and treatment.

The USDA Forest Service planned the sales, implemented 
treatment boundaries, and marked the leave trees. Thin-
ning was from below, leaving the dominant and codomi-
nant trees as residuals. Volume removal for all thinning 
treatments ranged from 50% to 75% of the pre-harvest 
stand volume. 

forEsT oPEraTions 

overview

Each study site was purchased by a private timber company as a lump-sum thinning sale. The 
term “lump sum” indicates that the purchaser paid for the option to remove all timber not 
designated a residual tree by the USDA Forest Service. In general, this allowed the purchaser 
the flexibility of either leaving the fiber material in the woods or utilizing it, depending on the 
volatile pulp market at the time of harvesting. Certain requirements were designed contractu-
ally to ensure that utilization occurred to at least a 4-in. small-end diameter.

The USDA Forest Service planned the preliminary locations of the landings and main skid 
trails for logging feasibility. Contractors developed their own harvesting plan within the scope 
of the study. Each timber sale had a different logging contractor and sale administrator. The 
logging contractors planned and flagged the locations of the designated skid trails. Using skid 
roads from previous entries was encouraged when layout permitted; due to the randomness 
of old skid trails, however, this occurred over <15% of the skid trail area (from observation). 

Table 2. Stand density characteristics before and after thinning and volume harvested for each 
site/treatment combination.

 Stand density (tpa) Trees
 Pre- Post- removed Volume harvesteda

Site Treatment harvest harvest (tpa) MBF/ac CCF/acb

Mill Thin 1 LT 200 115 85 10.13 31.81
 HT 195 53 142 11.35 35.64
Mill Thin 2 LTO 196 92 104 12.71 39.91
Tap Thin LT 260 115 145 9.70 30.46
 HT 180 53 127 6.62 20.79
aCruise estimate of Scribner volume harvested does not include volume removed from landings, corridors, and 
equipment trails.
bDerived from conversion factor of 3.14 MBF = 1 CCF, obtained from scale ticket information.

Table 1. Site characteristics of the light thin (LT), light thin with openings (LTO), and heavy thin 
(HT) treatment areas before thinning.a

 Stand characteristics
  Study    Tree Basal
  area Slope Age DBH height area
Site Treatment (ac) (%) (yr) (in.) (ft) (ft2/ac)

Mill Thin 1 Both 97 0–35 44 11.9 77 162
 LT 80  0–8 44 11.8 78 175
 HT 17 0–35 44 11.9 75 149
Mill Thin 2 LTO 49 0–20 45 11.8 85 189
Tap Thin Both 62 0–30 46 10.8 74 144
 LT 33 0–30 46 10.7 78 171
 HT 29 0–27 46 10.9 70 117
aThe stand characteristics of the study treatments were determined by cruising conifer trees >5 in. DBH.
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After the skid trails were designated, the sale administrator adjusted and approved the skid 
trails before harvesting. Felling and skidding occurred during the summers of 1995 and 1996. 

Figure 1 illustrates typical landings and designated 
skid trails. 

feLLing

Felling at Tap Thin and Mill Thin 2 was subcon-
tracted, whereas felling at Mill Thin 1 was completed 
by members of the logging crew. In all cases, felling 
experience for commercial thinning ranged from 3 mo 
to over 10 yr. 

Trees on designated skid roads were harvested before 
the felling of the unit. Trees were then felled toward 
the skid roads in a herringbone pattern. Fallers com-
pleted the tree limbing and bucking at each site. The 

minimum requirements for sawlogs were 12 ft long with a 4-in. diameter small end. Fiber 
material (<4-in. diameter) was not utilized at any site.

skidding.And.LoAding

Primary log transportation was ground skidding with crawler-tractors. Designated skid trails 
were spaced approximately 120 ft apart. Most skidding was favorable (loaded downhill) and 
at <20% slope. Harvesting operations, techniques, and equipment varied slightly among sites, 
depending on the contractor and unit size. At all sites, skidder operators generally set their 
own chokers (hot-set), and chasers unhooked the chokers at the landing. Crawlers commonly 
maneuvered off designated skid trails to position for a favorable winching angle. Tree protec-
tion pads were used intermittently alongside main designated skid trails to minimize scarring 
and damaging residual trees. 

Tractor swing roads were used at Tap Thin because of limited road access. Tractor swing roads 
are additional skidding roads used to connect main skid trails that do not terminate at the 
roadside landing to the landing. They are used to increase efficiency for long skidding distances 
by combining smaller turns into larger turns or by utilizing faster forest machinery for transport. 
At Tap Thin, however, tractor swing roads were used instead of expensive road construction to 
access the unit. The same turn gathered in the unit was skidded by way of the main skid trail 
on to the tractor swing road for final deposit at the roadside landing. Swing roads averaged 
1,000 ft in length and comprised approximately 10% of the Tap Thin harvest unit. 

At Mill Thin 2, log hauling was subcontracted to self-loading trucks, whereas standard loaders 
and trucks were used at all other sites. The following box summarizes the different skidding 
equipment and crew type used at each study site.

N

Unit boundary
Designated skid trail
End of skid trail
Primitive road
Stream
Skyline corridor
Centralized landing

0 315 ft

3527-01

Figure 1. Example of skid trail 
layout for the Tap Thin Sale (TT) 
with a light thinning treatment 
(LT). Skidding was generally 
downhill to the main skid trails 
and flat along the main skid trails 
to the landings.
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Mill Thin 1

Light thin (LT)

• 2 CASE 550 crawler-tractors, 
operated as skidders

• D-5 Caterpillar dozer

• 5-person crew (3 skidder opera-
tors, chaser, loader operator)

Heavy thin (HT)

• 1 CASE 550 crawler-tractor, 
operated as a skidder

• 3-person skidding crew (skidder 
operator, chaser, loader operator)

Tap Thin

Light thin (LT)

• John Deere 550 crawler-tractor, 
operated as a skidder

• 3-person crew (1 skidder opera-
tor, 1 chaser, 1 loader operator)

Heavy thin (HT)

* 2 John Deere 550 crawler-trac-
tors operated as skidders

* 4-person crew (2 skidder opera-
tors, chaser, loader operator)

Mill Thin 2

Light thin with openings (LTO)

• 2 CASE 850G crawler tractors, 
operated as skidders

• 3-person crew (2 skidder opera-
tors and 1 chaser)

sTudy mEThods

Productivity and costs were evaluated by collecting detailed time-study and shift-level data. 
Two researchers collected the data for detailed time studies, and the members of the logging 
crew collected shift-level data.

detAiLed.time.studies

Detailed time studies were conducted to collect data on felling and skidding activity cycles, 
small delays, and productivity rates. Recorded data included productive cycle time elements 
and other independent variables associated with each activity, as defined in the subsequent 
Glossaries.

Detailed time data were collected in centimin (0.01 min) with a Husky Hunter II (Husky 
Computers Limited, United Kingdom) hand-held computer and a SIWORK3 software pack-
age (Danish Institute of Forest Technology 1988) and downloaded to a personal computer for 
analysis. Microsoft Excel (Microsoft Co., Inc., Seattle WA) was utilized to complete forward 
stepwise multiple linear regression to develop regression equations for predicting delay-free 
felling and skidding cycle times based on significant (P = 0.05) independent variables. A ran-
dom 10% of the detailed time study data was withheld from regression equations in order to 
validate the regression models. Detailed time data were not collected for the HT at Tap Thin 
because of the small unit and observation size. 
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Individual trees were identified by painted numbers before felling began. Data recorded for 
each tree included species, diameter at breast height (DBH), total height, and whether the tree 
was in a skidtrail corridor. Study areas were chosen ahead of time, which allowed terrain and 
other stand characteristics to be matched uniformly among the treatments.

shift-LeveL.studies

Data on scheduled hours and productivity were collected in shift-level studies. One person 
from each felling and skidding crew was assigned responsibility for filling out production 
forms daily. Loader operators and self-loader contractors recorded scale ticket information 
and the number of loads per day. Volume information on piece types was obtained through 
a random sample of sawlog loads. Average CCF per piece was calculated for each treatment 
and site. 

cost.AnALysis

Logging costs were calculated for the owning, operating, and labor costs associated with 
the specific equipment and personnel used at each study site (Appendix). The researchers 
developed costs for this report using the PACE program (Sessions and Sessions 1986), not 
attempting to simulate site-specific contract bids. Costs were divided by the productivity 
rate to determine cost per unit ($/CCF) at each site. Dollars are reported as 1997 dollars; 
this value coincides with the time of the study and other Willamette Project harvesting 
publications.

Log volume information was obtained from scale ticket information provided by the 
purchaser’s mill yard. A cubic-foot-volume conversion factor (3.14 MBF = 1 CCF) was 
obtained (Kellogg et al. 1997) and applied to all sites. Volume information was used to 
predict productivity per hour from the effective hour and regression models. The delay-free 
cycle time was determined by inserting average values for the independent variables into 
the regression equations.

The stump-to-truck logging costs do not include profit and risks allowances. Planning and 
layout costs, reported by Kellogg et al. (1997), and sale administration expenses also were not 
included in the cost analysis.

The following components were used to calculate productivity rates and costs for felling and 
skidding:

• effective hour (min/hr)—productive time, determined from the percent of time lost in 
delays (felling or skidding) for a site. For example, a site with 20% of its time in delays 
would have an effective hour of 60(1 – 0.20) = 48 min/hr.

• delay-free cycle time—determined by inserting the average values for the observed inde-
pendent variables into the felling or skidding regression equation formulated for a site. 
Units for felling are min/tree. Units for skidding are min/turn.
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• volume per cycle—volume per piece type (log and top), determined from the shift-level 
study, and total pieces per cycle, determined from the detailed time study. Units for 
felling are CCF/tree. Units for skidding are CCF/turn.

• owning, operating, and labor costs ($US/hr)—determined from a cost appraisal of the 
specific equipment and personnel used at each site (Appendix)

• net:gross timber scale—a ratio of net volume (no defects in wood) to gross volume, 
determined from the shift-level study

The following components were used to calculate productivity rates and costs from data col-
lected during the shift-level study:

•	 productivity rate (CCF/hr) = (effective hr/delay free cycle time)(volume per cycle)

•	 cost ($/CCF) = (owning, operating, and labor costs)/[(productivity rate)(net:gross timber 
scale)]

scoPE of rEPorT
Because the analysis of harvesting systems was integrated with a larger, multidisciplinary 
study, this specific study had no influence on overall treatment definitions and design. The 
combination of initial stocking levels and treatment definitions relating to residual trees per 
acre determined the stems per acre removed for each treatment (Table 2). Thus, silvicultural 
treatments did not necessarily correspond to the volume or stems per acre harvested. For 
example, the HT removed more tpa than the LT at Mill Thin 1, but fewer at Tap Thin. The 
same relationship existed with volume removed. Additionally, fewer trees were removed per 
acre in the HT at Mill Thin 1 than in the LT at Tap Thin. For these reasons, along with 
problems with data collection for felling at Tap Thin, this paper reports harvesting costs of 
the different silvicultural regimes without drawing firm comparisons or conclusions about 
cost effects of treatments across sites.

Comparisons of the treatment effects on harvesting costs, while worthwhile, would require 
a more thorough control of study design than afforded here. First, harvesting units should 
be more similar in terms of stocking, past management, and harvest unit layout. Second, 
replications of treatment should strive for similar residual stands, i.e., removal of similar 
numbers of tpa and volume at each replication. Treatments analyzed for this report were 
carried out in dissimilar conditions. Therefore, we describe the range of costs for alternative 
silvicultural treatments for young stand management without making firm comparisons 
among treatment harvesting costs. 
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rEsulTs
rEgrEssion EquaTions

feLLing

All sites

At each site, ”limb and measure” constituted the 
largest percentage of the productive cycle (Table 
3). Delays ranged from 31.8% of the total cycle 
at Mill Thin 1 to 46.0% at Mill Thin 2. The 
independent variables common to the regression 
equations for all sites were DBH, number of limbs 
cut (Limbs), and number of bucking cuts (Cuts) 
(Tables 4–6). 

Mill Thin 1

The average total cycle time for felling was 6.70 
min over both treatments (Table 3). “Limb and 
measure” required 41.5% of the total felling cycle 
and felling delays, 31.8%. The three most com-
mon delays were “mechanical”, “personal”, and 
“discussion” (Figure 2).

The regression model developed from the detailed 
time studies to predict delay-free felling cycle times 
for the Mill Thin 1 site was

Fell time (min/tree) = -0.787 - 1.167 Treatment 
(0–1) + 0.375 DBH (in.) + 0.019 Limbs (no.) + 
0.199 Cuts (no.) + 1.275 Wedge (0–1) [1]

(Adjusted R2 = 82.6%; standard error = 1.030; 
sample size = 269 trees)

where all variables are as defined in Glossary 2.

Statistics for the significant (P < 0.05) independent variables are summarized in Table 4. The 
significance of Treatment indicated that the LT and HT treatments differed significantly in 
determining delay-free cycle time. Two independent variables, Cuts and Logs, were strongly 
correlated (r = 0.74). Substituting Logs for Cuts in the model negatively affected R2 by only 
0.1%. When both variables were included in the model, one was nonsignificant. In the stepwise 
approach, Cuts proved significant first, and we chose to include this variable in order to stay 
consistent with other sites.

Glossary 1: Cycle time elements measured for felling

Cycle element Definition

Travel and preparation  Travel between trees; starts when bucking or 
limbing is complete, ends when the felling of 
the next tree starts

Fell   Starts when chainsaw touches the tree, ends 
when tree hits the ground

Limb and measure  Starts when the tree hits the ground, ends 
when bucking cut starts

Buck  Starts (usually after “limb and measure”) when 
chainsaw begins cutting a horizontal cross-sec-
tion of the main stem, ends when “travel” or 
“limb and measure” begins

Delays  The time involved with individual delays

 Table 3. Average felling cycle from the detailed time study for each site.

 Mill Thin 1 Mill Thin 2 Tap Thin

 Average time % of Average time % of Average time % of 
Cycle componenta (min/tree) cycle (min/tree) cycle (min/tree) cycle

Travel and preparation 0.63 9.5 0.48 10.4 0.55 11.6
Fell 0.82 12.2 0.60 13.0 0.49 10.3
Limb and measure 2.78 41.5 1.22 26.3 1.85 38.6
Buck 0.34 5.0 0.20 4.3 0.17 3.6
Delay-free cycleb 4.57 68.2 2.51 54.0 3.06 64.0
Delays 2.13 31.8 2.14 46.0 1.72 36.0
Total felling cycle 6.70 100.0 4.65 100.0 4.79 100.0

aDefined in Glossary 1.
bActual average delay-free cycle.
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Table 4. Summary statistics for significant independent variables of the felling 
regression equation for Mill Thin 1 [Eq. 1] in the light thin (LT), heavy thin (HT), 
and both treatments.

 Treatment
 LT HT Both
Variablea  n = 187 n = 82 n = 269

Treatmentb

 Average 0.00 1.00 0.30
 Standard deviation 0.00 0.00 0.46
 Range 0 1 0–1
DBH (in.)   
 Average 9.54 10.58 9.86
 Standard deviation 3.27 3.74 3.45
 Range 5–19.4 5.2–21.2 5–21.2
Limbs (no.)   
 Average 76.45 64.35 72.76
 Standard deviation 40.75 40.87 41.09
 Range 0–173 0–169 0–173
Cuts (no.)c   
 Average 2.00 2.44 2.12
 Standard deviation 0.80 1.49 1.10
 Range 0–5 0–9 0–9
Wedgeb   
 Average 0.16 0.26 0.19
 Standard deviation 0.37 0.44 0.39
 Range 0–1 0–1 0–1

aDefined in Glossary 2.
bIndicator variable, with a value of 0 or 1.
c”Cuts” and “Logs” were strongly correlated (r = 0.74). If substituted for “Cuts” in the model, 
“Logs” is significant (R2 = 82.8%). 

Figure 2. Breakdown of felling delays from the detailed 
time study at the Mill Thin I site.

Glossary 2: Independent variables 
measured for felling

Variable Definition 

Cuts  Cross cuts (cut outs, topping, bucking) (no.)

DBH  Diameter at breast height (in.)

Limbs  Tally of each limb cut with the chainsaw (no.)

Logs  Stems that are bucked at both ends (no.)

Tops  Stems that have one buck cut or attached 
top, no limbing or bucking (no.)

Slope  Average ground slope at 
felling (%)

Species  Species being felled

    0 = Douglas-fir
        1 = western hemlock
        2 = western red cedar

Treatment 

  Mill Thin
  1 and   Light Thin (LT) = 0

  Tap Thin   Heavy Thin (HT) = 1

  Mill Thin 2  Light Thin with openings (LTO) only treatment

        0 = not in openings,
        1 = in openings

Wedge  0 = no wedges, 1 = wedges used
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Mill Thin 2

The average total cycle time was 4.65 min for the only treatment, LTO (Table 3). “Limb 
and Measure” required 26.3% of the total felling cycle. Felling delays made up 46.0% of the 

average cycle time; the major delays were “miscel-
laneous”, “mechanical”, and “planning” (Figure 
3). Two of the four “miscellaneous” delay oc-
currences, however, were ~20 min each, whereas 
the average delay occurrence for all categories 
was 2.14 min.

The regression model developed from the detailed 
time studies to predict delay-free felling cycle 
times for Mill Thin 2 was

Fell time (min/tree) = 0.197 + 0.063 DBH (in.) 
+ 0.024 Limbs (no.) + 0.370 Cuts (no.) [2]

(Adjusted R2 = 69.0%; standard error = 0.590; 
sample size = 64 trees)

where all variables are as defined in Glossary 2.

Statistics for the significant independent variables 
(P < 0.05) in the regression equation are sum-
marized in Table 5.

Tap Thin

Only the LT treatment was analyzed at Tap Thin, as sample size in the HT treatment was 
too small. The average total felling cycle time was 4.79 min (Table 3). “Limb and measure” 
required 38.6% of the total felling cycle, and delays, 36%. “Mechanical” and “brushing” were 
the top two categories of delays (Figure 4).

The regression model developed from the detailed time studies to predict delay-free felling 
cycle times for the Tap Thin site was

Fell time (min/tree) = 0.208 + 0.140 DBH (in.) + 0.040 Limbs (no.) - 0.052 Slope (%) 
- 0.576 Species (0-2) + 0.546 Cuts (no.) [3]

(adjusted R2 = 79.2%; standard error = 0.734; sample size = 121 trees)

where all variables are as defined in Glossary 2.

Statistics for the significant (P < 0.05) independent variables are summarized in Table 6. 
Again, Cuts and Logs were strongly correlated (r = 0.97). Substituting Logs in the model for 
Cuts negatively affected R2 by only 0.3%. We included Cuts here for the same reason as at 
Mill Thin 1.
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Table 5. Summary statistics for significant 
independent variables in the felling regres-
sion equation for Mill Thin 2 [Eq. 2] in the 
light thin with openings (LTO) treatment.

 Treatment
 LTO 
Variablea  n = 64

DBH (in) 
 Average 13.35
 Standard deviation 4.11
 Range 6.9–24.6
Limbs (no.) 
 Average 30.92
 Standard deviation 23.67
 Range 0–99
Cuts (no.) 
 Average 1.95
 Standard deviation 0.52
 Range 1–3
aDefined in Glossary 2.

Figure 3. Breakdown of felling delays from the detailed time study at the Mill Thin 
2 site.
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skidding

All sites

The breakdown of the total skidding cycle for each site is shown in Table 7. Delays ranged 
from 15.1% at Mill Thin 1 to 23.0% at Mill Thin 2. The only independent variable common 
to the regression models for all sites (Tables 8–10) was Skidding distance.

Mill Thin 1

The average total cycle time was 8.88 min (Table 7). The three most time-consuming com-
ponents of the total felling cycle were “winch out”, “travel in loaded”, and “travel out empty”. 
Delays were 15.1% of the average cycle time; the major delays were “miscellaneous”, “mechani-
cal”, and “skid trail obstruction” (Figure 5).

The regression model developed from the detailed time studies to predict delay-free skidding 
cycle time at Mill Thin 1 was

Skid time (min/cycle) = 2.181 + 0.344 Logs (no.) + 0.825 Chaser (0–1) 
+ 0.004 Skidding distance (ft) + 0.026 Line (ft) + 0.329 Lang (0–3) + 1.307 Road (0–1)  [4]

(adjusted R2 = 41.7%; standard error = 1.21; sample size = 189 turns)

where all variables are as defined in Glossary 4.
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Figure 4. Breakdown of felling delays from the detailed time study at the Tap Thin site.

Table 6. Summary statistics for significant independent 
variables in the felling regression equation for Tap Thin [Eq. 
3] in the light thin (LT) treatment.

  Treatment
  LT 
Variablea n = 121

DBH (in.) 
 Average 12.52
 Standard deviation 4.17
 Range 6–24
Limbs (no.) 
 Average 23.66
 Standard deviation 17.47
 Range 0–76
Cutsa (no.) 
 Average 1.80
 Standard deviation 0.68
 Range 1–3
Slope (%) 
 Average 15.04
 Standard deviation 3.45
 Range 10–20
Species (0–2) 

 Average 0.09
 Standard deviation 0.29
 Range 0–1
aDefined in Glossary 2.
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Glossary 3: Cycle time elements and variables 

measured for skidding

Cycle element   Definition

Travel empty  Begins when the skidder leaves the landing or at end of 
unhook if no decking, ends when skidder slows down on 
designated skid trail and begins planning for the next turn or 
leaves skid trail and positions skidder for winching

Position 

operator sets chokers  Begins when skidder slows or leaves skid trail and positions 
skidder for winching, ends when operator leaves cab

with choker setters  Begins when skidder stops or leaves skid trail and positions 
skidder for winching, ends when choker setter grabs 
winch line

Winch-out 

operator sets chokers  Begins when operator leaves the cab, ends when operator 
hooks first log in turn

with choker setter  Begins when choker setter grabs winch line, ends when 
choker setter hooks first log in turn

Hook: 

operator sets chokers Begins when operator hooks first log in turn, ends when 
operator moves to next log

with choker setter Begins when choker setter hooks first log in turn, ends when 
choker setter moves to next log or back to skidder

Line out & hook  These elements repeat until all logs are hooked. Line out 
continues after the operator or choker setter leaves the first 
log and ends when they reach the second log, where hook-
ing begins (and so on). Line out ends when winching begins 
(inhaul of logs to skidder).

Winch  Begins when winching begins, ends when winch line is 
locked

Reposition  Occurs between “winch” and ”travel loaded”, including any 
movement between two elements and any additional winch-
ing of the line in excess of what was initially pulled out to 
hook logs

Travel loaded  Begins when winch line is locked, ends when the skidder 
stops on the landing or drops winch line

Unhook  Begins when skidder stops on landing (or drops winch line), 
ends when skidder moves after the winch line is locked

Deck  Begins when skidder moves after the winch line is locked, 
ends when skidder leaves the landing
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Table 7. Average skidding cycle determined from the detailed time study for each site. 

 Mill Thin 1 Mill Thin 2 Tap Thin 1
    Average time  Average time  Average time
Cycle componenta (min/tree) % of cycle (min/tree) % of cycle (min/tree) % of cycle

Travel out empty 1.62 18.3 1.39 13.7 3.23 23.2
Positioning 0.54 6.0 0.31 3.0 0.39 2.8
Winch-out 1.95 21.9 1.25 12.3 2.03 14.5
Hook 0.41 4.6 1.04 10.2 0.58 4.2
Winch 0.39 4.4 0.36 3.6 0.56 4.0
Travel in loaded 1.87 21.1 1.63 16.1 2.52 18.1
Unhook 0.57 6.4 0.75 7.4 1.11 8.0
Deck 0.19 2.1 1.09 10.7 0.52 3.7
Delay-free cycleb 7.54 84.9 7.83 77.0 10.94 78.5
Delays 1.34 15.1 2.34 23.0 2.99 21.5
Total skidding cycle 8.88 100.0 10.17 100.0 13.93 100.0

aDefined in Glossary 3
bActual average delay-free cycle.
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Figure 5. Breakdown of skidding delays from the detailed time study at the Mill 
Thin 1 site.
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Glossary 4: Independent variables measured for skidding

Variable Definition

Chasers  0 = chaser assisted in the unhooking process, 1 = no chaser assisted the 
operator

Chokers  Chokers/turn (no.)

Damage Trees damaged/turn, with damage defined as a tree scar or ding larger 
than an egg (approximately 1 in. × 2 in.) (no.)

Favor  Average winch line slope between the skidder and load: 0 = adverse 
slope, 1 = favorable slope

Lang  The angle that the winch line makes with respect to the skidder as it is 
pulled off (parallel with direction of haul) into the stand. Indicator vari-
ables are designated to a range of angles:

      0 = 0–30°

      1 = 30–60°

      2 = 60–90°

      3 = >90°

Lead Lead to winch line is defined as the position of the log with respect to 
the line in a zone of ±30° off a projection of the winch line.

Line   Winch line distance, the maximum distance between the skidder and the 
furthest log. An accuracy of ±2 ft is required.

Logs  Logs (any stem bucked both top and bottom) brought to landing for 
given cycle (turn) (no.)

Off    Distance tractor pulls off designated skid road (no. of ½-vehicle lengths)

Pod   Location of turn regarding opening or thinning, applying only to the light 
thinning with openings (LTO): 0 =no openings, 1 = openings

Road  Indicates if the turn came from logging the stand or from clearing the 
roads: 0 = stand, 1 = road

Skidding   Distance (ft) that skidder travels from landing to winch position. Preskid- 
distance   ding layout of slope distances along designated skid trails was measured 
  and marked on residual trees every 50 ft. The distance can be determined  
  between the measure trees to the location of the skidder (± 5 ft) during 
  the travel time of the skidder.

Slope  Effective skid road slope, the average slope the skidder travels along skid 
road. Profiles of representative skid roads were generated when skidding 
distances were measured. The % slope and slope distance were recorded 
along with the road number. To reduce comparison problems, skid roads 
were consistent in slope profiles and void of any major slope changes. 

Tops  Tops (only one cut or the tops still attached) brought to landing for given 
cycle (turn) (no.)

Treatment  An indicator variable used to discern treatment assignment for observa-
tions: 0 = Light thin (LT), 1= Heavy thin (HT)
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The statistics for the significant (P < 0.05) independent variables in the regres-
sion model are summarized in Table 8. Because the indicator variable Treatment 
was not significant, we conclude that differences in treatment did not affect the 
predicted skid cycle time at Mill Thin 1.

Mill Thin 2

The average total cycle time was 10.17 min for the only treatment, LTO (Table 
5). The largest components of the skidding cycle were “travel in loaded” and 
“travel out empty”. Delays were 23.0% of the average cycle time; the major 
delays were “personal”, “planning”, and “discussion” (Figure 6).

Table 8. Summary statistics for significant independent vari-
ables in the skidding regression equation for Mill Thin 1 [Eq. 4] 
in the light thin (LT), heavy thin (HT), and all treatments

 Treatment
  LT HT Both 
Variablea n = 97 n = 92  n = 189

Logs (no.)
 Average 4.19 3.82 4.01
 Standard deviation 1.05 1.06 1.07
 Range 1–7 1–8 1–8
Chasersb 
 Average 0.10 0.97 0.52
 Standard deviation 0.31 0.18 0.50
 Range 0–1 0–1 0–1
Skidding distance (ft)
 Average 805.67 260.00 540.05
 Standard deviation 172.57 126.31 312.59
 Range 440–1140 50–540 50–1140
Line (ft)
 Average 31.36 29.57 30.49
 Standard deviation 14.80 11.06 13.11
 Range 8–64 10–60 8–64
Langc

 Average 0.29 0.47 0.38
 Standard deviation 0.68 0.82 0.75
 Range 0–3 0–3 0–3
Road b

 Average 0.00 0.63 0.31
 Standard deviation 0.00 0.49 0.46
 Range 0 0–1 0–1
aDefined in Glossary 4.
bIndicator variable, with a value of 0 or 1.
cIndicator variable, with a value of 0–3
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Figure 6. Breakdown of skidding delays from the detailed time study at the Mill 
Thin 2 site.

The regression model developed from the detailed time studies to predict delay-free skidding 
cycle time at Mill Thin 2 was

Skid time (min/cycle) = 4.199 + 0.006 Skidding distance (ft) + 2.077 Damage (no.) 
   + 0.143 Off (0.5 vehicle lengths) [5]

(adjusted R2 = 61.4%; standard error = 1.22; sample size = 78 turns) 

where all variables are as defined in Glossary 4.

Statistics for the significant (P < 0.05) variables of the regression equation are summarized in 
Table 9.
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Tap Thin

The average total cycle time was 13.93 min over both treatments (Table 7). 
The three components requiring the most time were “travel out empty”, “travel 
in loaded”, and “winch out”. Skidding delays were 21.5% of the average total 
cycle time; the top three delays were “discussion”, “skid trail obstruction”, and 
“miscellaneous” (Figure 7).

The regression model developed from the detailed time studies to predict delay-
free skidding cycle time was

Skid time (min/cycle) = 5.255 + 2.322 Treatment (0–1) + 1.117 Tops (no.) + 
0.501 Logs (no.) + 0.003 Skidding distance (ft) - 0.641 Favor (0–1) - 1.010 Road 
(0–1) [6]

(Adjusted R2 = 75.1%; standard error = 1.31; sample size = 146 turns)

where all variables are as defined in Glossary 4.

Statistics for the significant (P < 0.05) variables in the regression equation are 
summarized in Table 10. The indicator variable Treatment proved significant. 
We therefore conclude that the treatment difference was a useful predictor in 
determining delay-free skidding cycle time at Tap Thin. 

harvEsTing cosTs

feLLing

All Sites

Felling costs ranged from $7.20/CCF at Mill Thin 2 
to $17.73/CCF for the LT at Mill Thin 1 (Table 11). 
Two aspects controlled the differences in felling costs 
per unit volume between sites: predicted delay-free 
cycle time and volume/tree. Across all site/treatment 
combinations, felling costs increased as delay-free 
felling cycle time increased. Volume/tree was very 
similar at Mill Thin 1 and Tap Thin but much 
higher at Mill Thin 2 (Table 11). It is reasonable that 
this larger volume/tree difference is attributable to 
treatment type, i.e., felling all trees in the openings 
(LTO) created a larger average size. This difference, 
combined with the lowest delay-free cycle time, 

yielded a much lower felling cost at Mill Thin 2. Mill Thin 2 also had the lowest average time 
for the “travel and preparation” felling cycle element (Table 3). It is reasonable to conclude that 
operating in the openings at Mill Thin 2 increased efficiency and lowered felling costs.
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Table 9. Summary statistics for significant independent vari-
ables in the skidding regression equation for Mill Thin 2 [Eq. 
5] in the light thin between openings (LTO) treatment.

 Treatment 
 LTO 
Variablea  n = 78

Skidding distance (ft) 
 Average 494.17
 Standard deviation 211.52
 Range 125–870
Damage (no.) 
 Average 0.03
 Standard deviation 0.16
 Range 0–1
Off (0.5 vehicle lengths) 
 Average 2.95
 Standard deviation 4.70
 Range 0–20

aDefined in Glossary 4.

Figure 7. Breakdown of small skidding delays (<10 min) at the Tap Thin site.



23

Individual Sites

At Mill Thin 1, felling costs were 25.8% less for the HT treatment than 
for the LT (Table 11). The primary factor in determining this difference 
was the predicted delay-free cycle time. The considerably shorter cycle 
time of the HT treatment allowed more trees/hr to be felled and thus 
increased productivity. The difference in predicted cycle time is explained 
by the significance of the treatment variable, which in turn was driven by 
the reduction in travel time from one tree to the next at the HT (52% less 
than in the LT) and the difference in tpa removed (Table 2). 

At both Mill Thin 2 and Tap Thin, data were collected only for one 
treatment. Felling costs for the LTO treatment at Mill Thin 2 averaged 
$7.20/CCF. This result is mostly due to the large average tree size, as 
discussed above. Felling costs for the LT treatment at Tap Thin (145 
tpa removed) were similar to those for the HT at Mill Thin 1 (142 tpa 
removed) (Table 11).

Table 10. Summary statistics for significant independent variables in 
the skidding regression equation for Tap Thin [Eq. 6] in the light thin 
(LT), heavy thin (HT), and all treatments.

 Treatment

  LT HT Both 
Variablea  n = 76 n = 70 n = 146

Treatmentb	   
 Average 0 1 0.48
 Standard deviation 0 0 0.50
 Range 0 NA 0–1
Tops (no.)   
 Average 0.14 0.14 0.14
 Standard deviation 0.58 0.35 0.48
 Range 0–4 0–1 0–4
Logs (no.)   
 Average 5.05 4.71 4.89
 Standard deviation 0.86 0.80 0.85
 Range 2–8 2–6 2–8
Skidding distance (ft)   
 Average 583.09 836.51 704.60
 Standard deviation 196.01 607.78 460.21
 Range 235–895 90–1730 90–1730
Favorb   
 Average 0.38 0.63 0.50
 Standard deviation 0.49 0.49 0.50
 Range 0–1 0–1 0–1
Roadb   
 Average 0.22 0.14 0.18
 Standard deviation 0.42 0.35 0.39
 Range 0–1 0–1 0–1

aDefined in Glossary 4.
bIndicator variable, with a value of 0 or 1.
NA: not applicable

skidding.And.LoAding

All sites

Skidding and loading costs ranged from $15.42/CCF at Mill Thin 2 to $38.69/CCF for the 
HT at Tap Thin (Table 12). Two factors primarily controlled the range of skidding and loading 
costs between sites: skidding distance and volume/log. The greater skidding distance at Tap 
Thin (Tables 8–10) and resulting increase in total travel time (“travel out empty” + “travel in 
loaded”, Table 7) accounted for most of the delay-free cycle time difference among the sites. 

Volume per log also was a driver in determining skidding and loading costs. In each case, 
skidding and loading cost was inversely related to log volume. Log volume was highest at the 
lowest cost site (Mill Thin 2) and lowest at the highest cost site (Tap Thin) (Table 12). 

Table 11. Felling productivity rates and costs in the light thin (LT), heavy thin (HT), and both 
treatments at Mill Thin 1, the light thin with openings (LTO) treatment at Mill Thin 2, and the LT 
treatment at Tap Thin.

   Predicted delay- Volume/  Felling
  Effective hour free cycle timea tree Productivityb costsc

Site Treatment (min/hr) (min/tree) (CCF/tree)  (CCF/hr)  ($/CCF)

Mill Thin 1 Both 40.92 4.61 0.26 2.30 16.28
 LT 40.92 4.96 0.26 2.11 17.73
 HT 40.92 3.79 0.26 2.84 13.16
Mill Thin 2 LTO 32.40 2.50 0.40 5.20 7.20
Tap Thin LT 38.40 3.06 0.24 3.00 12.48

aFrom regression equation.
bNet scale volume; includes all delay time.
cOwning, operating, and labor cost was $37.02 at all sites.
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Individual sites

At Mill Thin 1, the HT treatment was 31.0% more costly than the LT (Table 12). The differ-
ence can mostly be explained by the 20.7% difference in machine costs (Table 12; Appendix, 
Table A2). Costs for landing equipment and personnel were included in skidder cost calcula-
tions for one “loading and skidding” cost. Using three skidders made the total machine cost 
per hour at LT less than that at HT. The delay-free cycle time from the regression equation 
for skidding productivity was the same for both treatments at Mill Thin 1. The only other 
factor contributing to the different costs is the volume per turn of the two treatments (Table 
12), driven by the significant difference of number of logs per turn (Table 6).

At Mill Thin 2, skidding and loading cost on the LTO treatment averaged $15.42/CCF. The 
controlling influence at Mill Thin 2 seemed to be volume/turn, which is driven by volume/log 
and logs/turn. Here the difference was in volume/log; Mill Thin 2 averaged the highest volume 
per log of any site (Table 12), and logs/turn for Mill Thin 2 (4.27) was a median value of the 
sites (Mill Thin 1, 4.01; Tap Thin, 4.89).

Skidding and loading cost at Tap Thin averaged 32.6% higher in the HT treatment than in the 
LT (Table 12). The treatments differed statistically, and machine operating costs were the same 
for both treatments. Thus, the harvesting cost difference between treatments is meaningful and 
is attributable to differences in treatment. Because treatment was used as an indicator variable, 
it was difficult to pinpoint specific controls, but cycle times were affected by the treatment 
unit of origin for each turn.

Skidding distance differences accounted for some of the difference as well. Although the overall 
percentage of skidding cycle time at Tap Thin for travel (“travel out empty” and “travel out 

loaded”) was similar to that at Mill Thin 1 
and Mill Thin 2, the actual time consumed 
in these two activities was significantly more 
at Tap Thin (Table 7). This difference alone 
is responsible for the large difference of skid-
ding and loading costs at Tap Thin. The use 
of swing roads, instead of new road construc-
tion, exaggerated average skidding distance 
here. The impact of skidding distance on cost 
is discussed further in the “Standardization” 
section, below. 

totAL.hArvesting.costs

Total harvesting costs (stump to truck) ranged 
from a low of $23.40/CCF at Mill Thin 2 to a 
high of $46.81/CCF at Tap Thin (Table 13). 
An average of $0.78/CCF was determined for 
move-in/out costs at all sites.

Table 12. Skidding productivity rates and costs in the light thin (LT), heavy thin (HT), and both treatments 
at Mill Thin 1 and Tap Thin and the light thin with openings (LTO) treatment at Mill Thin 2.

   Predicted       
  Effective delay-free   Productivity Machine Skid and
  hour cycle timea   Volume  rate  costb load
Site Treatment (min/hr)  (min/tree) CCF/turn   CCF/log  (CCF/hr) ($/hr) ($/CCF)

Mill Thin 1 Both 50.94 7.47 0.61   0.153 4.18 86.55 21.68
 LT 50.94 7.47 0.64    4.37 78.44c 18.91
 HT 50.94 7.47 0.58    3.98 94.66d 24.78
Mill Thin 2 LTO 46.20 7.65 0.89   0.209 5.39 78.14e 15.42
Tap Thin Both 47.10 10.59 0.66   0.134 2.92 94.58 33.55
 LT 47.10 9.47 0.68    3.36 94.58d 29.17

	 HT 47.10 11.79 0.63    2.52 94.58f 38.69

aFrom regression equation.
bOwn, operate, labor; includes 40% fringe benefits.
cLoader and chaser costs were divided by three (three tractors were used).
dLoader and chaser costs were divided by two (half the costs were shared with another operation offsite).
eSelf loader @$60/hr; pro-rated to 2 hr/day of loading (2 truck loads–shift level) = $12/hr.
fLoader and chaser costs were divided by two (two tractors were used).
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At Mill Thin 1, the HT treatment cost 3.5% more than the 
LT (Table 13), which offset the lower felling cost of the HT 
treatment and made stump-to-truck costs of the two treatments 
nearly the same. The LTO treatment at Mill Thin 2 averaged 
$23.40/CCF stump to truck. This site also had the lowest cost 
components for felling and for skidding and loading of any 
site/treatment combination. The LT total harvesting costs at 
Tap Thin were the highest of any site/treatment combination. 
Had the felling data been collected, the HT would have had 
the highest stump-to-truck cost, considering that skidding and 
loading alone cost $38.69/CCF. As discussed above, the use of 
tractor swing roads significantly increased the average skidding 
distance at Tap Thin and resulted in higher skidding and load-
ing costs than at other sites.

sTandardizaTion

Comparing sites and treatments across sites in this study was difficult. Mill Thin 2 had only 
the LTO treatment, which was not duplicated at the other sites. Further, felling data were not 
collected for the HT at Tap Thin. The only site/treatment combinations that can be compared 
are the LTs at Map Thin 1 and Tap Thin. Even here, differences in initial stocking levels and 
volume harvested in stands (Table 2) make intersite comparisons difficult. Standardizing por-
tions of the data, however, provides a better idea of the factors controlling productivity and 
costs without drawing specific site/treatment comparisons.

To compare costs more evenly across the sites, we used standardized values (550 ft skid distance, 
0.160 CCF/log) to eliminate the differences in skidding distance and CCF/log. These variables 
exerted the most control on cost sensitivity and did not result from treatment differences. 

Dividing the effective hour by the predicted delay-free time, we calculated that 8.9 trees/hr 
were felled at Mill Thin 1, 113.0 trees/hr at Mill Thin 2, and 12.6 trees/hr at Tap Thin. 

Standardizing the average number of limbs cut per tree in 
the regression equation for each site to 30.0 showed a similar, 
though less dramatic, trend for felling productivity across sites: 
13.1 trees/hr at Mill Thin 2, 11.6 trees/hr at Tap Thin, and 
10.8 trees/hr at Mill Thin 1. Felling efficiency may have been 
influenced by differing amounts of experience within felling 
crews, the subcontracting of felling at Mill Thin 2 and Tap 
Thin, or both.

Volume per log affected both felling and skidding costs, whereas 
skidding distance affected only skidding costs. Table 14 shows 
costs with skidding distance for each site standardized to 550 
ft and volume/log standardized to 0.16 CCF for both felling 
and skidding. 

Table 14. Standardized felling, skidding and loading, and stump to truck cost figures 
($/CCF) for each site/treatment combination.

   Skidding & Move in/ Stump to 
Site Treatment Felling loading Move out  truck

Mill Thin 1 Both 15.57 20.09 0.78 36.44
 LT 16.95 17.43 0.78 35.16
 HT 12.59 23.07 0.78 36.44

Mill Thin 2 LTO 9.40 19.96 0.78 30.14

Tap Thin All 10.45 26.24 0.78 37.47
 LT 10.45 22.62 0.78 33.85
 HT -- 30.50 0.78 --

Table 13. Total harvesting costs ($/CCF) in the light thin (LT), heavy thin (HT), and 
both treatments at Mill Thin 1 and Tap Thin and the light thin with openings (LTO) 
treatment at Mill Thin.

   Skidding & Move in/ Stump to 
Site Treatment Felling loading Move out  truck

Mill Thin 1 Both 16.28 21.68 0.78 38.74
 LT 17.73 18.91 0.78 37.42
 HT 13.16 24.78 0.78 38.72

Mill Thin 2 LTO 7.20 15.42 0.78 23.40

Tap Thin Both 12.48 33.55 0.78 46.81
 LT 12.48 29.17 0.78 42.43
 HT -- 38.69 0.78 --
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Mill Thin 1 costs were hardly affected by standardization. The standard values used were close 
to the actual average values of Mill Thin 1 (Tables 8, 12), so one would not expect much dif-
ference. The significant treatment difference for felling held for costs (Table 12). The difference 
in skidding costs is related to the difference of operating costs per hour, as discussed earlier.

In contrast, standardization increased the cost of Mill Thin 2 to $30.14/CCF, a 28.8% increase. 
This site had both the lowest average skidding distance (Table 9) and the largest log volume 
(Table 12). Of the $6.74/CCF stump-to-truck increase, the felling differential accounted for 
$2.20/CCF and the skidding component, $4.54/CCF.

The same standards reduced the stump-to-truck costs for the LT at Tap Thin substantially, by 
20.2% (Table 9). Since the lowest volume/log and the highest average skidding distance were at 
Tap Thin, it is reasonable that increasing CCF/log and decreasing the average skidding distance 
would lower the stump-to-truck costs at Tap Thin. The significant effect of treatment shows 
its influence on skidding and loading costs here (Table 12). The cost figures for Tap Thin are 
similar to those at Mill Thin 1 and Mill Thin 2 when skidding distance is standardized.

sEnsiTiviTy of log volumE and skidding disTancE on 
ProducTiviTy

The regression model and actual volume per log for each site were used to generate informa-
tion on sensitivity of productivity rate to increased skidding distance (Figure 8). In all cases, 
productivity decreased as skidding distance increased. The productivity at Mill Thin 2 seemed 

to have the most potential to be affected by skidding 
distance increases.

Volume per log (CCF/log) can also have a major impact 
on skidding productivity (Figure 9). A skidding distance 
standard of 550 ft was used in the regression equation 
for each site. All sites responded similarly to the increase 
in log volume.

To show the interaction effect of skidding distance and 
log volume on skidding and loading cost, we chose Mill 
Thin 1 as an example. Both skidding distance and log vol-
umes affected skidding costs (Figure 10). As log volumes 
increased, costs were less affected by skidding distance 
increases. This figure also shows the dramatic effect of 
very small logs (<0.15 CCF/log) on production costs at 
various skidding distances.
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discussion
Although initial site differences and irregularity of silvicultural prescriptions made specific 
site/treatment comparisons difficult, some interesting observations are possible.

feLLing

The largest component of the felling cycle time at each 
site was “limb and measure”, accounting for no less than 
26.3% of the time (Table 3). All other felling cycle com-
ponents required similar relative percentages of time across 
all sites. The time allotted for “limb and measure” alone 
at Mill Thin 1 was longer than the total delay-free cycle 
time at Mill Thin 2 and almost as long as the delay-free 
time at Tap Thin. The difference in the time required for 
“limb and measure” at each site accounted for the major-
ity of the difference in the actual delay-free cycle times of 
each site. “Limb and measure” required 1.56 min longer 
at Mill Thin 1 and 0.63 min longer at Tap Thin than it 
did at Mill Thin 2; delay-free cycle time was 2.06 min 
longer at Mill Thin 1 and 0.55 min longer at Tap Thin. 
Number of limbs cut drove these results. Mill Thin 1 
averaged 72.8 limbs cut per tree, by far the highest total 
of any site (Table 4). 

skidding.And.LoAding

There is little doubt that skidding distance significantly 
affected skid cycle time and, therefore, production rate. At 
each site, “travel out empty” and “travel in loaded” collec-
tively dominated the cycle time (Table 7). The only other 
component that required a significant percentage of time 
(>10%) at all sites was “winch-out”, which was actually the 
most time-consuming component at Mill Thin 1.

Interestingly, skidding and loading costs at Mill Thin 1 
were higher for the HT than the LT (Table 12), although 

the LT skidding distance average was more than three times greater (Table 6). Our methodol-
ogy used one regression equation per site, not per treatment, to determine delay-free cycle 
times, with treatment as an indicator variable. Since treatment was not significant and the 
equation used the same value for skidding distance (the average value of the site, 540.05 ft), 
the predicted delay-free cycle time used for cost calculations was the same for each treatment. 
The drastic difference in skidding distance between treatments at Mill Thin 1 was somewhat 
obscured by this methodology. In contrast is the cost difference at Tap Thin, where average 
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Figure 10. Relative effect on cost as skidding distances and log volumes 
increase (Mill Thin 1).
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skid distance at LT was 69.7% of that at HT (Table 10). The significance of the treatment 
variable at Tap Thin led to a different predicted delay-free cycle time for each treatment, 
showing the influence of skidding distance on cost and productivity. Costs for LT and HT at 
Mill Thin 1 were different (Table 12), but the difference was related more to operating cost 
per hour and volume/turn.

Although machine costs for skidding and loading varied by site, only Mill Thin 1 had different 
machine costs per hour between treatments. Since this study made no specific comparisons 
across sites, the difference in operating costs among sites was not evaluated further. The operat-
ing cost difference at Mill Thin 1, however, warrants some exploration. 

Total harvesting costs at Mill Thin 1 were relatively similar between treatments. The HT treat-
ment however, was more cost efficient in regard to felling costs, whereas the LT treatment was 
more cost efficient in regard to skidding and loading costs. Felling costs were truly comparable, 
since both treatments were operating based on the same cost structure. The cost of skidding 
and loading for each treatment, however, was quite different. The difference in skidding cost 
per unit volume is somewhat exaggerated by the different machine costs associated with each 
treatment, determined by the equipment spread of separate logging contractors.

The key is the productivity rates of each treatment. For felling, the HT had the higher pro-
ductivity (Table 11), and thus the lower cost per unit volume. For skidding and loading, the 
LT had the higher productivity (Table 12), and the lower cost per unit volume. With similar 
operating techniques, and thus operating costs per hour, the LT still would have been more 
cost efficient because of the higher productivity rate, but the difference in skidding and loading 
costs per unit volume would have been less, specifically $1.76/CCF vs. $5.87/CCF (using the 
LT operating costs as a standard). In other words, in looking at total harvesting costs at Mill 
Thin 1, one could reduce the HT treatment by $4.11/CCF for a more fair comparison between 
treatments. The difference in cost after such comparison is solely reflected by the productivity 
rate, driven in the calculation by logs/turn, for each treatment. Using similar skidding and load-
ing operating costs among treatments would provide a total harvesting cost of $34.61/CCF for 
the HT, 7.5% lower than the $37.42/CCF for the LT. With this reasoning, the HT treatment 
appears more cost efficient from stump to truck than does the LT. This result is reasonable, 
since tpa removed and volume harvested were both highest in the HT treatment. 

summary
Productivity and costs of crawler tractor harvesting systems were evaluated for three silvicultural 
prescription applications. Comparisons across sites were not possible because treatments were 
not replicated at each site and preexisting stand conditions differed among sites. Because treat-
ments were defined as part of a larger multidisciplinary study, this analysis could not define 
treatment definitions. Treatments were defined for the overall study by residual tpa and not by 
the portion of the stand removed. As a result, the same treatment had inconsistent outcomes, 
in terms of tpa removed or volume removed, across sites. Stand conditions and environmental 
factors, however, provided an opportunity to examine variations in key variables and operat-
ing practices of the harvesting contractor. In that vein, this paper focuses on harvesting costs 
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of different silvicultural regimes without drawing firm comparisons or conclusions about cost 
effects of treatments across sites.

At all sites, felling productivity and costs were most influenced by the amount of time spent 
delimbing and, more directly, by the number of limbs removed per tree. In all cases, delimbing 
was the most time-consuming component of the felling cycle. This could indicate the need to 
mechanize delimbing in these operations.

The independent variables common to regression equations to determine delay-free felling cycle 
time at all sites were DBH, number of cuts, and number of limbs cut. The only treatment 
comparison possible at any site showed that felling in the LT treatment cost more than in the 
HT at Mill Thin 1. With one exception, treatment felling costs decreased per unit volume as 
tpa removed increased. In the LTO at Mill Thin 2, the much lower percentage of cycle time 
spent delimbing than at either Mill Thin 1 or Tap Thin offset the lower tpa removed value.

Across sites, the average skidding distance controlled productivity and costs more than any 
other factor. This was evidenced most by the fact that the travel components of the skidding 
cycle, “travel out empty” and “travel in loaded”, required the most time at each site.

“Skidding distance” was the only independent variable that appeared in every regression model 
for predicting delay-free skidding cycle times. Treatment differences were significant only at 
Tap Thin. In cases such as Mill Thin 1, however, where treatment differences of a dominant 
variable were large, use of treatment as an indicator variable seemed to obscure real informa-
tion when that equation was used to predict costs of different treatments.

The interactions of skidding and loading costs across sites and within sites were somewhat 
complicated due to extraneous factors, such as differing operating costs resulting from different 
equipment spreads and large discrepancies in volume per log. In general, though, skidding and 
loading costs increased as skidding distances increased.

Total harvesting cost is simply the sum of the felling, the skidding and loading, and the move 
in/out costs (held constant at all site/treatment combinations). Therefore, the drivers of those 
individual cost components also drive total harvesting costs. It is apparent from this study that, 
independent of treatment, certain sites cost more to harvest than others. Factors influencing total 
harvesting cost at each site include tpa removed, limbiness of timber, average skidding distance, 
and volume per log.

In general, this study indicated that logging costs per unit volume decreased under any of the 
following conditions: tpa removed increased, number of limbs decreased, average skidding distance 
decreased, or volume per log increased. As expected, treatments removing the most tpa and the 
highest total volume per acre generally resulted in a lower total harvesting cost per unit, shown 
best by comparing the cost differences of the HT and LT treatments. When the regression equa-
tion was used to model similar operating conditions and costs, total harvesting cost of the HT 
treatment was lower than that of the LT. A silvicultural treatment that favors one of the above 
conditions over another could lower logging costs.

Although this study does not allow firm conclusions on cost differences between treatments, the 
results do reinforce the basic cost controls of forest harvesting: the interaction of skid distances 
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and removal volumes on harvest productivity and costs. It is imperative that unit layout minimize 
skid trail distances, especially when activities involve removal of smaller trees and relatively low 
volumes. It is important for forest managers to take these factors into account when considering 
alternative silvicultural management regimes that entail harvesting in young stands.
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aPPEndix. logging cosTs: 
aPPraisal TablEs

Table A1. Tractor-felling costs ($/hr) for all sales in the Willamette Young Stand Study.

Item Ownership Operating Labor Total

Stihl 044 with 28-in. bar 0.27 1.31 31.36 32.94
Used backup saw 0.18 0.00 0.00 0.18
Chevrolet ¾ ton 4 x 4 1.76 1.68 0.00 3.44
Miscellaneous supplies 0.46 0.00 0.00 0.46

Total felling cost for one cutter    37.02

Table A2. Tractor logging costs ($/hr) in the Mill Thin I sale, Willamette Young Stand Study.

Item Ownership Operating Labor Totala	 HTb LTc

Case 550 crawler with winch line 9.94 11.03 25.06 46.02	 46.02 46.02
Chaser 0.00 0.00 23.30 23.30	 11.65 7.76
Chevrolet crew-cab pickup 4 x 4 2.76 2.09 0.00 4.85	 2.42 1.61
Used 1500-gallon fire truck 0.41 0.08 0.00 0.49	 0.25 0.16
Case 125B Tract-Mount loader 22.79 12.38 26.74 61.91	 30.95 20.64
Chevrolet extended-cab pickup 4 x 4 2.89 1.84 0.00 4.73	 2.36 1.58
Landing supplies    2.00	 1.00 0.67
Total cost/hr
 Skidding    76.66 61.34 56.22
 Loading	    66.64 33.32 22.22
 Skidding and loading    143.30 94.66 78.44
aCosts calculated for 1 tractor only.
bCosts calculated for 1 tractor. The cost of the chaser and loader was halved because of work done on an offsite operation.
cCosts for 3 tractors.
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Table A3. Tractor logging costs ($/hr) in the Mill Thin II sale, Willamette Young Stand Study.

Item Ownership Operating Labor Totala	 Proratedb

Case 850G crawler with winch line 12.55 13.21 25.06 50.82	 50.82
Chaser 0.00 0.00 23.30 23.30	 11.65
Chevrolet crew cab pickup 4 x 4 2.76 2.09 0.00 4.85	 2.42
Used 1500-gal fire truck 0.41 0.08 0.00 0.49	 0.25
Self-loader log truck   60.00 60.00	 12.00
Landing supplies    2.00	 1.00
Total cost/hr
 Skidding    81.46 66.14
 Loading    60.00 12.00
 Skidding and loading    141.46 78.14
aCost charged to one machine with self-loader on landing 100%.
bCost charged to two machines with self-loader on landing 2 hr/day or 20 min/hr, based on 10-hr workday.
Self-loaders charged $60/hr
1 hr loading time + 2 hr highway time, for total of 3 hr for complete cycle
*Costs are divided by ½ to share the costs of the operation per machine.

Table A4. Tractor logging costs ($/hr) in the Tap Thin sale, Willamette Young Stand Study.

Item Ownership Operating Labor Totala Proratedb

John Deere 550 crawler with winch line 11.34 10.91 25.06 47.31	 47.31
Chaser 0.00 0.00 23.30 23.30	 11.65
Chevrolet crew cab pickup 4 x 4 2.76 2.09 0.00 4.85	 2.42
Used 1500-gal fire truck 0.41 0.08 0.00 0.49	 0.25
Koehring 6630 Tract-Mount loader 24.32 12.74 26.74 63.80	 31.95
Landing supplies    2.00	 1.00
Total cost/hr
 Skidding 77.95 62.63
 Loading 63.80 31.95
	 Skidding and loading 141.75 94.58

aCosts for 1 machine 
bCosts for 1 machine and ½ loader costs

NOTE: The HT treatment used two machines, with one chaser and loader. The LT treatment used one machine, but 
shared the cost of a chaser and loader with an off-site operation. Thus, the skidding and loading cost per machine 
was the same for the HT and LT treatments.
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