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COOPERATIVE FORESTRY RESEARCH UNIT 
Research Proposal 

Date of Proposal 

April 14, 2010 

Project Title 

Early Commercial Thinning Harvest Systems: A Silvicultural and Operational Assessment 

Abstract 

Due in part to regenerating clearcuts from the budworm era, there are over 2 million acres 
forestland in Maine dominated by dense spruce and fir saplings with a small component of 
hardwood.  Another half million acres are expected to grow into this condition in the next five years.  
According to six-year results from the CFRU’s Commercial Thinning Research Network, these areas 
would benefit from thinning, but they are decades away from being commercially operable with 
traditional harvesting systems involving small cut-to-length processors.  The presence of an active 
energy wood market provides an opportunity to further utilize small stems and tops harvested in an 
early commercial thinning.   
 
Contractors are hesitant to conduct such a harvest with their current mix of equipment which is 
typically not designed to handle and process small-diameter stems.  Specialized equipment for 
harvesting small diameter trees is commercially available; however, given current market realities, 
contractors are reluctant to invest heavily in specialized equipment.  There is a need to provide both 
landowners and contractors sound data on production and costs associated with harvesting small 
diameter stems in a commercial thinning context, using a combination of existing equipment and 
newer technology in partnership with local equipment dealers. 
 
Using a factorial combination of two stand conditions (PCT and No-PCT), two harvest methods 
(CTL and WT), and two products (pulpwood and biomass, and biomass only), the objectives of this 
study are to investigate the operational and silvicultural effectiveness of early commercial thinning 
treatments in spruce-fir dominated stands in Maine. Silvicultural implementation will be measured in 
terms of final tree spacing, residual stem damage, and area in trails.  Operational performance will be 
measured in terms of productivity, cost, and product utilization. 
 
 

Principal Investigators 

Name Organization Phone Email 
Jeffrey Benjamin University of Maine 581-2727 jeffrey.g.benjamin@maine.edu  
Robert Seymour University of Maine 581-2860 rseymour@maine.edu   
Jeremy Wilson University of Maine 581-9213 jeremy.wilson@maine.edu  
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Principal Research Establishment 

University of Maine – School of Forest Resources 
5755 Nutting Hall  Orono, ME  04469 
 

Potential Cooperating CFRU Members or Other Research Organizations 

Name Organization 
John Bryant American Forest Management 
Kip Nichols Seven Island Land Management Co. 
Travis Howard  Wagner Forest Management 
Dave Dow Prentiss and Carlisle 
Marko Mattila Ponsse North America 
John Thebarge Chadwick-BaRoss 
Kevin Fowler Nortrax Equipment 
Jack Frost Tigercat Industries 
Dan Phillips The Oliver Stores 
Brian Souers Treeline Inc. 
Tony Madden A.W. Madden 
Jeannot Carrier EJ Carrier 

Start and Termination Dates of Study 

2 years (October 1, 2010 to September 30, 2012) 

Background 

There are 1.5 million acres of 20 to 39-year-old spruce-fir forestland in Maine and an additional 0.9 
million acres in the 40 to 59-year-old class (FIA 2004-2008).  Many of these areas are regenerating 
clearcuts from the budworm era and are dominated by dense spruce and fir saplings (< 6 in. dbh) 
with a small component of hardwood.  Some of these stands were pre-commercially thinned; others, 
however, have grown beyond the stage where brush-saw treatment is feasible.  Such stands are 
overstocked and would benefit from thinning, but they are decades away from being operable with 
traditional harvesting systems. The Maine Forest Service (2008) estimates that thinning these 
overstocked stands could provide an additional 1.4 million green tons of wood annually. 
 
The CFRU’s ongoing Commercial Thinning Research Network (CTRN) is monitoring growth 
response to commercial thinning trials across a variety of sites.  These trials were implemented on 
older sites where most stems had already reached commercial size.  Six-year results suggest that 
investment in commercial thinning may yield substantial returns. These treatments, however, were 
designed for a small cut-to-length system (e.g., a small Rottne harvester and forwarder) producing 
exclusively roundwood products. Given the presence of an active regional energy wood market, and 
because the dominant harvest method in Maine is still whole-tree, it is important to consider such 
commercial thinning treatments from a different perspective. 
 
There is no consensus within the industry as to how these young stands should be treated.  
Landowners feel growth will be improved with early commercial thinning, and that the economic 
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value of the harvested material should be adequate to cover harvest costs. This view has been 
enhanced with recent government initiatives such as the Biomass Crop Assistance Program.    
Contractors are unsure if they can conduct early commercial thinning treatments without subsidies 
from the landowners given their current mix of equipment which is not designed to handle and 
process small-diameter stems.  Local equipment dealers and manufacturers are eager to test their 
versions of specialized equipment that is commercially available for both harvesting and transporting 
this material to roadside.  This study will allow three sectors of the forest industry (landowners, 
contractors, and equipment dealers & manufacturers) to develop silviculturally effective, operational 
solutions for implementing early commercial thinning treatments. 
 
Specialized equipment is commercially available for both harvesting and transporting this material to 
roadside.  For example, Ponsse (2008) and Pentin Paja Oy (2008) in Finland have manufactured a 
series of harvester heads exclusively for energy wood (biomass) harvests.  There is potential to sort 
for both pulpwood and energy wood with these systems.  Logging residues can be transported in 
loose form using conventional forwarders (Anderson et al. 2002), but payloads can be increased with 
the addition of compaction technology (CBI 2006, Paiement 2008).  Composite residue logs can be 
produced by bundling and compacting logging residue into log form (Anderson et al. 2002, Turner 
2005, Schmidt 2009).  Mobile chippers are another possibility for increasing bulk density of logging 
residues prior to transport (Anderson et al. 2002, Turner 2005).  The shortcoming of all of these 
machines is that they represent significant capital investment and, given current market realities, 
contractors are reluctant to invest heavily in specialized equipment.  There is a need to conduct 
operational tests on the specialized equipment to allow contractors to make informed purchase 
decisions.  There is also an opportunity to provide both landowners and contractors with objective 
data on production and costs associated with harvesting small diameter stems in a commercial 
thinning context, using both current and new technology.   
 

Project Objectives 

The objectives of this study are to determine the effectiveness of early commercial thinning 
treatments using cut-to-length (CTL) and whole-tree (WT) harvest methods with respect to: 
 

 silvicultural implementation measured in terms of final tree spacing, residual stem damage, 
and area in trails; and  

 operational performance measured in terms of productivity, unit cost of production, and 
product utilization. 

 

Methods 

We propose installing a factorial combination of two stand conditions (PCT and No-PCT), two 
harvest methods (CTL and WT), and two product types (pulpwood and biomass, and biomass only) 
to investigate operational and silvicultural effectiveness of early commercial thinning treatments in 
spruce-fir dominated stands in Maine.   
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Site Selection 

Two sites with potential for good response to thinning treatments, based on preliminary results from 
the CTRN, will be selected from CFRU member lands.  Consideration will be given to sites that can 
be added into the CTRN for continued measurement and assessment.  An example of the initial site 
conditions targeted in this study can be found using Compartments 23A (includes the CTRN 
installation) and 23B of the Penobscot Experimental Forest (Figure 1).  Stand density, in stems per 
acre, is 2500 and 4355 for C23A and C23B respectively.  Merchantable volume, based on Honer’s 
equations, is 1510 and 900 cubic feet for C23A and C23B respectively.  

 

 
Figure 1.  Example of initial site conditions targeted in this study based on PCT and No-PCT sites within the 

Penobscot Experimental Forest. 
 
 
Figure 2 and 3 summarize estimated harvest removals from each compartment based on a uniform 
removal over all dbh classes from 4 to 12 inches for a target of 300 crop trees per acre. Removals 
were estimated to be 43 and 64 percent for compartments 23A and 23B respectively.  Table 1 
provides green weight estimates for both product options using assumptions of 85 cubic feet per 
cord and 4200 pounds per cord.  Weight estimates only include bolewood of living trees, so total 
weight will increase in actual operations with the addition of branches, foliage, and standing dead 
stems as appropriate.  Pulpwood is merchandized from stems greater than 4.5 inches dbh to a 3 inch 
top. Biomass is produced from tops and unmerchantable stems greater than 4.5 inches dbh.  
Unmerchantable weight in Table 1 includes stems from the 3 and 4 inch diameter class.  It is expected 
that some of that material will be processed as biomass, but that will be dependent on the harvest 
system selected. 
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Figure 2.  Diameter distribution of removed and residual stems per acre for PCT site. 

 
 
 

 
Figure 3.  Diameter distribution of removed and residual stems per acre for No-PCT site. 
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Table 1.  Removal estimates (thousand pounds per acre (green)) by site condition. 
 

Product Options Stand Condition 
Pulpwood & Biomass Biomass Only Unmerchantable 

PCT (23A) 32.0 & 7.4 39.4    8.2 
No-PCT (23B)  19.2 & 6.7 25.9 38.9 

 

Equipment Selection 

Two harvest methods (CTL and WT) will be compared for silvicultural and operational 
performance.  Specific equipment for each method, including roadside processing equipment, will be 
selected after consultation with local contractors and equipment dealers to match machine 
specifications to site conditions, landowner preferences, and silvicultural objectives.  In all cases, we 
will ensure the most fuel efficient equipment is being used. 
 
A preliminary investigation over the last year has revealed several options for system selection.  
Several local contractors have used existing WT systems (i.e., feller buncher and grapple skidder) to 
harvest stands of a similar condition to those described in this proposal.  The feller bunchers used 
often feature a high-speed saw with an accumulating pocket and a carrier with a low tail swing.  
These systems have been used to produce both pulp wood and biomass, and biomass only.  Several 
equipment dealers and contractors have previously spoken in favor of this option for conducting 
such treatments (Kneeland and Madden 2008, Collins 2009, Phillips 2010).  Our intent is to compare 
this high production system with equipment specially design to harvest and handle small diameter 
stems in a commercial thinning context. 
 
There are several CTL systems commercially available, featuring small thinning harvesters, which 
can be used to conduct early commercial thinning treatments.  Chadwick-BaRoss Inc. and Nortrax 
Equipment Ltd., representing forestry equipment manufacturers Ponsse and John Deere 
respectively, as well as Tigercat Industries, are in support of this project and they have several energy 
wood harvesting options within their product lines (Frost 2010, Heistand 2010, Thebarge 2010).   
Table 2 summarizes equipment specifications important to silvicultural and operational success of 
this project for each thinning machine under consideration.  All of the machines have a low width to 
reach ratio (less than 0.3) as compared to conventional feller bunchers (as high as 0.5).  The John 
Deere 1070E and Ponsse Buffalo Dual have been specially designed with a harvesting head capable 
of harvesting and processing multiple small stems simultaneously. The engines are smaller than 
other harvesting equipment (130 – 200 hp compared to 200 – 250 hp) so fuel consumption will be 
less which will have a positive impact on the carbon footprint of the operation.  
 

Table 2.  General specifications of thinning equipment under consideration for this initiative. 
Specifications Machine 

Width 
(ft) 

Weight 
(lbs) 

Reach 
(ft) 

Clearance 
(in) 

Gross Power 
@ 2000 (hp) 

John Deere 1070E 8.5 32,400 32-35 22 182 
Ponsse Buffalo Dual 9 37,000 33 27 206 
Tigercat H091 7 24,200 25 22 130 
 

                                                 
1 The H1135 has replaced the H09 as Tigercat’s thinning machine.  A prototype is currently being tested in Sweden.   
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Experimental Design 

The functional unit for this study will be a one-acre block.  Site conditions will vary by previous 
silvicultural treatment: PCT and No-PCT.  Each harvest method, producing two products 
(pulpwood and biomass, and biomass only), will be applied to each stand condition.  Three 
replicates for each combination will be installed for a total of 24 acres treated within this study 
(Figure 4).  Nested within each block will be 0.20 acre plots where all measurements will be taken.   

 

 
Figure 4.  Experimental design and sample size for site condition, harvest system, and product combinations. 
 

Measurements 

Pre-Harvest 
Pre-harvest measurements will closely follow procedures developed within the CTRN.  At each plot 
corner, an 8-foot radius sub-plot will be established where species and dbh of trees taller than 4.5 
feet and smaller than 2.5 inches dbh will be tallied.  These sub-plots will be used to monitor in-
growth of saplings over time.  Species and dbh will be recorded for all trees greater than 2.5 inches 
dbh within each plot.  The location of each stem will be referenced to plot center and a sub-sample 
of trees across the full range of diameter classes will be measured for total height and height to 
crown base.    
 

Operations 
Productive time to harvest, transport, and process plots for each site and system combination will be 
measured and compared with total weight of each product.  Product weights within each plot will be 
estimated using biomass equations (Young et al. 1980, Ter-Mikaelian and Korzukhin 1997), and 
compared to actual weights measured using a load cell at the yard.  Overall production within each 
block will be tracked using weigh-scale trip tickets.  Machine rates will be developed for each 
machine using standard forest operation principles as outlined by Brinker et al. (2002). A detailed 
operations assessment will be conducted to determine the effect of stem size on each phase of the 
harvest.  The functional unit for this assessment will be a single hitch for the whole-tree system, and 
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a single forwarder load for the cut-to-length system.  Stem size distribution and total weight of each 
unit will be measured.  Time and motion studies, including production analysis, will be conducted 
using both on-site data collection and video analysis. 
 

Post-Harvest 
Using the stem map prepared in the pre-harvest phase, final removals and effective tree spacing will 
be determined.  Following the approach outlined by Ostrofsky and Dirkman (1991), residual stem 
damage, including trail area, will be assessed and summarized per acre. Plots will be established so 
that they can be relocated and measured in the future to evaluate long-term forest dynamics and 
inform ongoing growth modeling efforts at the university. 
 
 

Analytical Approach 

Time and motion studies, including production analysis, will be conducted using on-site data 
collection and video analysis to compare the two harvest methods among each site condition and 
product combination.  System performance will be measured and compared on a green ton per hour 
basis for each machine and harvest system.  Differences in residual stand damage, area in trails, and 
final tree spacing between harvest systems will also be evaluated on each site and product 
combination using Analysis of Variance as appropriate. 
 

Anticipated Benefits to the CFRU 

A regional energy wood market and the presence of thousands of acres of small-diameter, 
overstocked stands regenerated during the budworm era have created an opportunity for investment 
in early commercial thinning throughout Maine.  Upon completion of this project, CFRU members 
will have baseline production and cost data for early commercial thinning treatments using CTL and 
WT harvest methods, and will thus be able to assess profitability of such treatments for the 
landowner.  Given the CFRU’s commitment to improving commercial thinning strategies, this 
project serves to increase opportunities for stand improvement on areas currently considered 
infeasible for such treatments. By partnering with motivated contractors and local equipment 
dealers, CFRU members will have a network of support to continue such treatments across their 
land base and within the CTRN. 
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Schedule of Deliverables  

 

Communications Plan 

Presentations harvesting system comparison results will be presented at CFRU meetings and 
workshops, as well as regional, national, and international scientific meetings. CFRU annual reports 
and technical reports will be submitted as appropriate and as required. All results will be submitted 
for publication in refereed forest engineering and forestry journals.  Target journals include: 
International Journal of Forest Engineering, Biomass and Bioenergy, Forest Products Journal, 
Journal of Forestry and the Northern Journal of Applied Forestry. 
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