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Abstract 

 

Demographic statistics of the timber harvesting industry are typically available only in states 

where researchers have devoted the time and effort to direct mail survey instruments. The 

prominence and ubiquity of internet access offers the possibility of web-based survey 

dissemination; however, there has been no evidence that a majority of the timber harvesting 

community is willing to participate in a purely electronic survey. We partnered with Hatton-

Brown Publishers to conduct an online survey publicized in Timber Harvesting magazine in the 

first quarter of 2014. The survey gathered data on basic, business-level details, such as the 

number and size of logging crews, number of employees, average production, harvest types, 

harvesting systems, etc. Responses from contractors in Georgia and South Carolina were 

compared against data from a direct-mailed survey conducted in those states in 2012 to 

determine the extent to which the web-based survey accurately represented the timber harvesting 

community. Regional data on nationwide respondents will be presented in addition to results of 

the validation of the web-based methodology. 

 

Keywords:  logging, business demographics, internet survey 

 

Introduction 

 

The U.S. logging industry has passed through a massive period of downsizing following the 

economic recession of 2008-2009 (Woodall et al. 2011). The impact has varied regionally within 

the US, based purely on employment statistics, but the condition and composition of the industry 

following these changes is largely unknown (Hodges et al. 2011; Keegan et al. 2011). While 

many efforts to quantify the logging industry on the state and regional level have succeeded in 

the past (e.g., Rickenbach and Steele 2005; Baker and Greene 2008; Bolding et al. 2010; Egan 

2011; Pelkki 2012; Greene et al. 2004; Allen et al. 2008; Leon and Benjamin 2013), relatively 

few efforts have been made to assess the entire logging industry of the US (Forest Resources 

Association 2001; Knight 2006, 2011). 

Most surveys of the logging population are still performed using paper forms sent through the 

US Postal Service; however, some initial efforts to include electronic survey submission have 

been attempted (Knight 2011). These have included the option to print off and submit a paper 

version for respondents who may not have email or prefer not to submit materials through the 
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internet. The lower response rate from internet surveys compared to mail surveys is a well-

documented phenomenon (Hoonakker and Carayon 2009).   

As the internet gains prevalence, more logging contractors are likely to be accessible through the 

internet. Unpublished results from a logging survey conducted in Georgia and South Carolina in 

2012 revealed that 65% of contractors reported use of email by their company. These 

respondents represented 78% of the total production represented in the survey. A targeted 

internet survey of logging contractors risks sampling only the most technologically advanced; 

however, it is clear that a majority of contractors are now available via internet contact.  

Our objective in this study was to determine if a purely internet-based survey of the logging 

industry in the US would yield results similar to a mailed paper survey. 

Methods 

We developed an online survey using SurveyMonkey® to gather basic business demographic 

information from logging contractors. In total, the survey consisted of 24 questions detailing the 

employment, production, and financial composition of the business. Detail on the harvest 

method, harvest system and predominant species were gathered about each crew for a given 

business (up to the three largest crews by production).  

In January 2014, we worked with Hatton-Brown Publishing to develop a brief article describing 

the purpose of our research and requesting readers to go online and complete a web-based 

survey. A web address for the survey was provided in the article. Hatton-Brown published the 

article in Timber Harvesting and Wood Fiber Operations and Southern Loggin’ Times magazines 

in January and February respectively (Figure 1). In addition, they placed a link to the survey on 

the Timber Harvesting and Wood Fiber Operations website. In April 2014, an email was sent to 

nine logging associations in the US South and the American Loggers Council requesting they 

forward an email to their members detailing the survey and a request for their participation.  

Figure 1. Promotional materials for the web-based survey 

In 2013 a mailed survey of logging contractors in Georgia and South Carolina was completed 

(Marchman et al. 2013). The results from 268 contractors served as a recent set of baseline data 

against which to compare the respondents from the web-based survey. The average web-based 
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survey respondent characteristics from Georgia and South Carolina were compared to the 

characteristics derived from the mailed survey results to determine the representativeness of the 

survey responses. Mean responses were compared with t-tests while categorical responses were 

compared with chi-square tests. If results of the web-based survey do not differ significantly 

from the mailed survey results, the web-based approach is a valid method of sampling the 

logging industry. 

Results 

The initial magazine advertisement yielded 23 total visits to the web survey. Only 13 visitors 

completed the survey to the final page. Emails sent by logging associations in April 2014 

produced an additional 19 visits, of which 10 completed the survey. As of mid-April, the survey 

had 42 total visits with 23 complete responses (Figure 2). Of the 42 visitors, four declined the 

initial participant consent form, two answered no questions beyond the initial consent form, and 

seven reported that they were not logging contractors. Six additional respondents answered some 

questions but did not fully complete the survey. 

The responses collected to date are insufficient to develop a reasonable assessment of the logging 

population. In addition the responses in Georgia and South Carolina have been too few to allow 

any comparison with previous results (Table 1). Of the 29 respondents who shared their business 

location, five were in the Northeast, three in the Lake States, one in the West, and the remaining 

20 in the South. 

Despite the very low response rate, data are available on roughly 50 logging crews. Production 

of crews from the Southern region (1010 tons per week) and the Northeast (920 tons per week) 

were similar. In addition, the majority of logging crews in the South and Northeast used a feller-

buncher and skidder harvesting system (89% and 75% respectively). The average crew size was 

comprised of four woods workers in the South and five in the Northeast. Response to these 

questions from Lake States and Western respondents was insufficient to provide a comparison. 
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Table 1. Survey response by state. 

State Responses 

AL 1 

AR 3 

GA 3 

ME 4 

MI 2 

MS 4 

NH 1 

NC 1 

TN 2 

VA 6 

WA 1 

WI 1 

Across all respondents, contract trucking was used to haul on average 38% of the loads 

produced. The median tract size being harvested by contractors at the time of the survey was 96 

acres, though the range of responses was between 20 and 5,000 acres. Among respondents 

operating an additional business (43%), the most common type of business was related to either 

trucking or road construction. 

Discussion 

While the survey is still ongoing, the initial results suggest that the methods used are not a viable 

alternative to mail-based surveys of the logging industry at this time. Print media is poorly suited 

to engage readers in online content through a web link unless the link address is very simplistic. 

Positioning and promotion of the survey in the magazines was of lesser prominence than earlier 

efforts by Hatton-Brown to survey their readers. Indeed a web-based survey emailed directly to a 

subset of their readers at roughly the same time as this effort yielded far greater results. It is also 

possible that the duplication of surveys sent simultaneously to the same population could have 

either confused or dissuaded readers from visiting the website referenced in the print magazine.  

Dissemination of the survey through logging association emails sent by the directors of the 

logging associations produced an increase in participants; however, the number of respondents 

was still far below the number needed to obtain a suitably representative sample. Confirmation 

of forwarding the message on to members was only received from three states and the American 

Loggers Council (with national coverage). Based on the responses received following these 

efforts, an increase in responses was only noted based on one state’s logging association and the 

American Loggers Council.  

While some preliminary results are presented here, the response from contractors in Georgia and 

South Carolina (three and zero, respectively) was far too small to allow for any comparisons with 

the results from the mailed survey.  The average production per crew for all southern respondents 

was lower than the Georgia/South Carolina survey results, but higher than a 2009 survey of 

Virginia’s logging businesses (Bolding et al. 2010; Marchman et al. 2013). The small sampling 
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of results from the Northeast does not represent the preponderance of small owner-operator 

contractors found in recent surveys of that region (Leon and Benjamin 2013).  

In the past, response rates to logging industry surveys have often been quite low (Milauskas and 

Wang 2006). The use of a technique which often results in low response rate had the possibility 

of resulting in very poor response. The method still holds promise, and targeted email 

distribution may prove to be a viable option in the near future. Regrettably, no single source of 

email addresses for logging contractors (even within a given state) is currently available. Lacking 

an infrastructure to facilitate the dissemination of web-based survey materials to a larger segment 

of the logging industry, mailed surveys appear to remain a more viable option. 
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ABSTRACT 

Virginia Tech has an active research program focused on BMPs for water quality and also has an 

active logger training Extension program (SHARP Logger Program).  While logger training 

programs often incorporate research findings into a variety of programs, workshops specifically 

focused on applied research results had not previously been offered in Virginia.  Loggers invest a 

substantial amount of resources implementing BMPs for water quality and could benefit from 

applied research results that help them to more effectively implement those BMPs.  Virginia 

Tech Forestry Extension and research faculty offered a series of workshops across Virginia, 

targeting loggers and foresters.  Workshops included presentations by Virginia Tech researchers 

highlighting results of applied forestry BMP research while Virginia Department of Forestry 

inspectors highlighted common issues associated with BMP implementation in the local region. 

Utilizing workshops specifically focused on applied research results provided an opportunity to 

reach operators directly involved in BMP implementation.  A total of 141 participants attended 5 

workshops throughout Virginia.  Ninety-Eight percent of participants indicated information 

provided in the workshop could help them improve BMP implementation.  Participants were 

asked how likely they would be to use information from the class to improve BMP installation 

on their jobs, or improve recommendations related to BMP installation.  On a scale of 1 to 5 

where 5 = very likely, the average response was a 4.26, indicating participants were likely to use 

the information provided in the workshops to improve BMP implementation and protection of 

water quality in Virginia.   

Keywords: Logger training, continuing education, water quality 
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Introduction 

Forest utilization is a vital component of Virginia’s economy however it is critical that harvests 

are conducted in a sustainable manner because improper harvesting practices have the potential 

to adversely impact water resources.  Therefore, Virginia’s Silvicultural Water Quality law 

(§10.1-1181.2) was developed to provide additional protection of water quality during

silvicultural operations such as timber harvesting.  The Virginia Department of Forestry (VDOF)

is responsible for inspecting all timber harvesting operations to ensure compliance with the water

quality law.  In 2013, 5,658 timber harvests were performed on over 233,714 acres (VDOF,

2013).  Virginia has an outcome based BMP enforcement program where there are often multiple

BMP options that could be utilized to achieve the desired result of protecting water quality.

Logging businesses and forest industries expend considerable resources implementing BMPs for

protecting water quality during timber harvesting.  Choosing the most appropriate BMPs to

utilize for protecting water quality can be a subjective decision.  These decisions can impact the

effectiveness of the BMP at protecting water quality and can also impact the costs required to

implement the BMPs.

Virginia is also currently experiencing a rapid growth in the use of woody biomass for energy.  

Five wood fired electricity generating facilities became operable in 2013 and have the capacity to 

produce approximately 300 Megawatts of electricity and utilize approximately three million 

additional tons per year of woody biomass.  Much of this new supply of biomass for energy will 

be produced by utilizing logging residues from ongoing harvesting operations.  As logging 

operations adapt to utilize logging residues for bioenergy, many loggers and forest managers are 

uncertain about the adequacy of current BMPs to protect water quality on sites where logging 

residues are harvested.  Providing research based information to professionals involved in 

decision making related to BMP installation could improve outcomes related to protecting water 

resources, minimize the associated cost, and support sustainability of the forest resources and 

forest industry.  

Virginia Tech has been active in conducting research on BMP effectiveness (e.g. Wade et al. 

2012, Aust et al. 2011, Lakel et al. 2010), however, existing Extension programming such as the 

SHARP Logger program (www.SHARPlogger.vt.edu) and training efforts by the VDOF 

typically do not focus on specific research results.  Inclusion of these recent BMP research 

efforts could help inform practitioners about efficacy and cost of various BMP options.  The 

Virginia SHARP Logger Program (www.SHARPlogger.vt.edu) is an Extension program 

coordinated through the Virginia Tech Department of Forest Resources and Environmental 

Conservation. The SHARP logger program has over 1300 active participants representing the 

vast majority of logging production capacity in Virginia.  As part of the program requirements, 

participants must earn 12 hours of continuing education (CE) credits every 3 years.  CE 

programs are offered on a variety of topics to meet the needs of a diverse audience.  Workshops 

often incorporate research results into the training materials, however applied research results 

have not been the main focus of logger training workshops. 

http://www.sharplogger.vt.edu/
http://www.sharplogger.vt.edu/


37th Council on Forest Engineering Annual Meeting.  2014.  Moline, Illinois 3 
 

Methods 

We developed a 3 hour workshop focused on applied BMP research results from nearly 20 years 

of applied BMP research conducted at Virginia Tech.  The workshop was delivered in the format 

of a SHARP logger continuing education workshop (3 CE credits) and was advertised through 

the SHARP Logger Program newsletter to all participants in the program.  The workshop 

included a brief overview of the history of BMP requirements including results from research 

focused on pre-harvest planning as well as general harvest research focused on implementation 

of BMPs on harvest sites across Virginia.  Additionally the presentation covered results from 

designed experiments related to forest roads, decks, stream crossings, and skid trails.  Results 

presented in the workshop focused primarily on the effectiveness of different BMPs at 

preventing erosion.  Results often included cost estimates for each treatment to help illustrate the 

relative cost for specific BMPs compared to their overall effectiveness.  Each workshop also 

included recent research related to BMP implementation of BMPs on biomass harvesting and 

discussion of considerations when harvesting biomass on integrated harvesting operations. 

 

Workshops were offered at a total of five locations across Virginia.  One of the five workshops 

was at the Virginia Tech Reynold’s Homestead Forest Resources Research Center.  Many of the 

BMP research projects discussed in the workshop were conducted at Reynold’s Homestead site.  

For this workshop, a field tour was also included to highlight research projects conducted at 

Reynold’s Homestead (Figure1).  At each of the workshop locations, the local VDOF field staff 

were invited to discuss common BMP implementation issues found during local harvest site 

inspections. 

 

Figure 1. Workshop instructor discusses recent research related to stream crossings at the 

Reynold’s Homestead Forest Resources Research Center in the Piedmont region of VA. 
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Results 

A total of 128 participants attended one of the five workshops.  Participants were primarily 

logging business owners (60%) but also included logging employees, VDOF employees, 

industry foresters, consulting foresters, and others (Figure 2).  A post-training evaluation was 

utilized to gauge the effectiveness of the workshop.  One hundred percent of participants 

indicated the workshop provided them with information that would be useful to them in their 

jobs and that it provided them with a better understanding of the research that supports the use of 

BMPs to protect water quality.  Ninety-Eight percent of participants indicated the workshop 

provided them with information that would either help them to improve BMP implementation on 

their jobs or to make better recommendations to those that implement BMPs to protect water 

quality. 

 

 

 
Figure 2. Occupation of participants attending applied BMP research workshops. 

 

 

We also used the post-training evaluation to determine how likely the participants would be to 

actually use the information from the workshop to improve BMP implementation.  Using a scale 

from 1 to 5 where 1 = Very Unlikely, and 5 = Very Likely, 72 of 123 participants (Figure 3) 

indicated they were very likely to use the information from the workshop to improve BMP 

implementation.  The post-training evaluation also included the option for participants to provide 

written comments related to the workshop or any suggestions to improve future trainings.  In 

general the comments were positive and indicated the participants found the workshops to be 

useful.  Comments related to the field exercise in particular indicated the field trip was especially 

beneficial. 

Logging business 
owner 
60% Logging employee 

14% 

VDOF employee 
7% 

Industry Forester 
6% 

Consulting forester 
3% 

Other 
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Figure 3. Participants’ reported likelihood of using information provided in the workshop to 

improve BMP installation on their jobs. Response mean =4.26, n=123. 

Conclusions 

Integrating applied BMP research results into a workshop for logging business owners was a 

unique and effective training format.  The SHARP logger program strives to offer a variety of 

Continuing Education workshops to meet the needs of a diverse group of participants.  While not 

all logging business owners would be interested in BMP related research, those that attended 

these workshops found them to be applicable to their harvesting operations and gained 

knowledge that will help improve BMP implementation and protect water quality on their future 

harvesting operations.  As additional opportunities arise to incorporate applied research results 

into logger trainings, logging business owners as well as other forestry professionals could 

benefit from applied research results related to BMP implementation.  Workshops that 

incorporate a field exercise in particular can be beneficial for communicating the concepts 

related to the most appropriate and cost effective implementation of BMPs to protect water 

quality. 
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Forestry Applications of Paired Bid Methodology 
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1
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2
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3 

Abstract: Researchers employed a field-based economic experiment in Minnesota to explore the 

impact of selected timber sale characteristics on stumpage prices. The experimental method, 

called paired bidding, assesses the impact of different timber sale attributes on a bidder’s 

willingness-to-pay for a tract of timberland. The paired bidding method requires that a given 

tract of timber be advertised for sale (via a sealed bid auction) in two ways – the only difference 

between the two sale versions being the variable of interest (i.e., harvesting guidelines). Four 

studies have employed the paired bidding methodology.  The first study looked at the impact of 

timber harvesting guidelines on a bidder’s willingness-to-pay. It found that stumpage prices were 

approximately 10% lower on average for timber sales requiring harvesting guidelines, compared 

to sales offered without harvesting guidelines.  The second investigation focused on reserve 

timber prices; it found that sales offered with a 50% reduction in reserve price had bids 

approximately 16% lower than tracts offered with the full reserve price. The third study’s 

variable of interest was timber sale contract length, and it revealed that bid prices only increased 

2% for sales offered with a 5-year contract compared to those sold with a 2-year contract.  The 

most recent paired bidding study evaluated how timber payment methods affected stumpage bids 

and found that timber prices did not significantly vary by payment method.  

Key words:   Timber harvesting guidelines, reserve price, contract length, and timber payment 

methods  

Introduction 

Forest economists and researchers have long understood that certain features of a timber sale 

influence bid prices. However, they have struggled to isolate the effects of individual timber tract 

attributes on stumpage price. Klemperer (1996) states that a general model for stumpage price 

can be expressed as delivered wood price less harvesting and transportation costs. However, this 

basic model does not give landowners a complete picture of the full array of drivers influencing 

stumpage prices, many of which are difficult to isolate. Researchers have employed complex 

models such as multiple regression analysis to help explain the impact of specific characteristics 

within a timber sale. And while regression models have been useful in identifying the direction 

and degree of impact certain variables have on stumpage prices, they may contain a significant 

amount of uncertainty.  
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Paired Bidding  

 

Regression methods only control for the variation of the included variables (independent / 

explanatory variables) and allow a portion of the variation to be left unexplained (error term). 

This unexplained portion is typically due to lack of available information or simply ignorance of 

the variables affecting the variable of interest. For this reason, regression models cannot 

completely control all sources of variability in a stumpage price model. Therefore, researchers 

have sought a model that can isolate a single variable of interest (e.g., requirement to use 

guidelines, method of timber payment), control for all other variation except for the variable of 

interest, and evaluate how the presence of this variable impacts a bidder’s willingness-to-pay. 

 

The paired bid method is an economic experiment that strictly controls each variable influencing 

price, except for a selected variable of interest (Kilgore et al. 2003). When applied to stumpage 

sold at auction, the method requires a timber tract to be offered to potential buyers under two 

scenarios and for the buyer to submit a sealed bid for each scenario. A tract is offered with the 

variable of interest and without the variable of interest, but all other attributes of the sale (e.g., 

tract size, volume per acre) remain unchanged. Each buyer interested in the “paired bid sale” 

must submit two bids for the timber tract – one for the tract with the treatment (e.g., harvesting 

guidelines) and one without the treatment (e.g., no harvesting guidelines) – and the sale is 

awarded to the highest bidder for the treatment selected. The selected treatment for each tract 

(pair) is randomly determined (e.g., through the flip of a coin).  Because the paired bid method 

efficiently controls for all variation in sale attributes, except for the selected variable of interest, 

researchers can isolate the effect of the variable of interest on stumpage bids.   Since the method 

will result in the actual sale of timber, the potential for strategic behavior on the part of bidders 

(i.e., bids not reflective of their true willingness-to-pay) will be minimized, if not eliminated 

altogether (Kilgore et al. 2003). 

 

The paired bidding methodology has been used in Minnesota to separately examine how timber 

harvesting guidelines, reserve prices, contract length, and timber payment method affect a 

bidder’s willingness to pay for stumpage. Below is a brief review of each of these studies. 

 

Timber Harvesting Guidelines 

 

The first empirical assessment that utilized the paired bid technique for forestry applications 

investigated the impact that requiring Minnesota’s forest management guidelines had on 

stumpage bids. Prior to this study, it was hypothesized that requiring the logger to apply forest 

management guidelines reduced stumpage prices because of increased logging costs and reduced 

timber revenue. One potential cost related to the implementation of guidelines is the foregone 

stumpage revenue associated with implementing “leave tree” guidelines. Leave trees are a main 

feature of forest management guidelines. Leaving residual trees onsite for ecological purposes 

was hypothesized to reduce revenue because without the requirement of guidelines these “leave 

trees” would be merchantable volume. Another cited logging cost associated with guidelines is 

harvest planning, which requires trained professionals to inspect the site for ecologically 

sensitive areas and recommend ways in which loggers can mitigate the damage (Blinn et al. 

2000). These additional costs may or may not be passed on to the timber purchaser or consuming 

mill, but it is an operative cost nonetheless. Therefore, in order to view the impact that 
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Minnesota’s forest management guidelines had on stumpage prices, a paired bid experiment was 

conducted to estimate how a bidder’s willingness-to-pay differs with and without the 

requirement to apply those guidelines.  

 

The timber harvesting guidelines paired bid experiment contained 27 tracts that were offered for 

sale through a sealed bid auction in the fall of 2002. The tracts were offered in two ways – one 

with selected timber harvesting guidelines and one without guidelines. The buyers were 

informed that the guidelines for the selected treatment would be required, the treatment would be 

drawn at random, and the sale would be awarded to the highest bidder for the selected treatment 

(guidelines; no guidelines).  This experiment generated eighty paired bids on twenty-three sales, 

as four of the offered tracts did not produce any bidding activity and were not sold. The study 

found that stumpage bids on tracts without guidelines were 10.1% higher on average, suggesting 

that bidders viewed the guidelines as imposing a real cost (Table 1) (Kilgore et al. 2003). 

Twenty-five percent of the paired bids that were submitted did not differentiate bid prices. These 

bidders applied this bidding strategy for all tracts they bid on, suggesting they did not perceive 

additional costs when a tract required timber-harvesting guidelines. 

 

 

 
The analysis found that the magnitude of discount that purchasers assigned to stumpage bids 

when guidelines were required was not significantly influenced by sale area, total appraised tract 

value, or appraised volume per acre (Kilgore et al. 2003). Furthermore, the study looked at the 

correlation between the level of bidding activity and bidder’s willingness-to-pay to see if buyers 

had information on the level of competition before they submitted their bids. If bidders did have 

a priori knowledge of the level of bidding competition, the paired bid results would likely 

generate different results. However, no statistically significant relationship was found between 

bidder’s willingness-to-pay and the level of competition for a given timber tract.   

 

 

 

 

Table 1: Descriptive Statistics for the 80 Paired Bids Submitted 
          

  

Without-
Guidelines Bid 

($ per cord) 

With-
Guidelines Bid 

($ per cord) 

With-Guidelines 
Bid Discount 

(premium)1 ($ per 
cord) 

With-Guidelines Bid 
Discount (premium) 

(%) 

Mean $27.22  $24.56  $2.66* 10.10% 

Maximum 41.15 41.15 10.45 38.4 

Minimum 16.92 12.24 (1.05) (5.0) 

          
1 Differences among individual paired bids.     
*Significant at p < .01. 

 Source: Kilgore et al. 2003       
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Reserve Prices 

 

The second study evaluated the impact of reserve prices (minimum bid price required by the 

seller) on bidder’s willingness-to-pay for a tract of timber (Brown et al. 2010). The reserve price 

experiment used two reserve prices for each timber product offered for sale on a tract – one 

based on the full reserve price established by the timber appraiser and the other equal to half the 

full reserve price.  Each bidder was required to submit a bid for the full reserve price version of 

the timber tract and one for the half reserve price version (50% reduction from the “full”). The 

paired bid experiment took place from November 2008 through January 2009 and offered 96 

tracts for sale at three separate sealed bid auctions.  A total of 293 usable paired bids were 

generated. 

 

The study found that the half reserve price version of the timber sale generated bids that were, on 

average, approximately 16% (or $3.06 per cord) lower than the full reserve price version of the 

timber sale. The study also found that roughly 43% of the half reserve price bids were between 

96 and 105% of the full reserve price, suggesting that reserve prices did not uniformly impact a 

bidder’s willingness to pay for stumpage (Brown et al. 2013). Overall, the analysis indicated that 

the level of reserve price does impact a bidder’s willingness-to-pay for a tract of timber.  

 

Contract Length 

 

The paired bid experiment for contract duration used two different contract lengths for each tract 

– one bid for a 2-year timber sale contract and one bid for a 5-year contract. The contract length 

experiment also took place between November 2008 and January 2009. Fifty-two tracts were 

advertised for sale over three sealed bid auctions and produced 145 usable paired bids (Brown et 

al. 2013). The paired bid auction results found there was no significant difference in stumpage 

price bids for the two contract lengths. Stumpage bids averaged only 2% less for a 2-year 

contract as compared to a 5-year contract. Furthermore, approximately 84% of the 2-year 

contract bids were within ±5% of the paired 5-year contract bids (Brown et al. 2013).  

 

In addition to the paired bid experiment, the research team conducted a survey in which the 

bidders were asked to provide their expectations about future stumpage prices and harvest dates. 

The survey responses indicated that approximately 72% of the bidders planned to harvest the 

tract within 2 years of purchase, regardless of whether it was sold as a 5-year or 2-year contract. 

When bidders were asked about their expectations of stumpage prices, they predicted flat or 

decreasing stumpage prices. In fact, bidders expected, on average, a 6.7% reduction in stumpage 

prices between the date of sale and the date they planned to harvest the tract (Brown et al. 2013). 

In this light, the relatively small variation between the two contract lengths is not surprising. The 

bidders expected stumpage prices to decrease or remain flat, and therefore they were going to 

harvest the tracts as soon as possible, regardless of the contract length. 

 

Payment Method 

 

The fourth paired bid study is evaluating how the method of paying for timber purchased impacts 

a bidder’s willingness-to-pay for stumpage.  The two stumpage payment methods used in 

Minnesota are consumer scale (pay-as-cut) and sold-on-appraised-volume (SOAV). For timber 
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sales that use the consumer scale payment method, the volume of wood removed from the tract is 

measured (scaled) by the seller or a third party and the purchaser agrees to pay a specific amount 

for each unit of merchantable volume removed (Brown et al. 2010). Purchasers of timber sold 

using the SOAV payment method pay a specific amount for the entire tract of timber, regardless 

of the amount actually removed from the tract (Brown et al. 2010).  

 

In February 2014, a paired bid experiment was administered to evaluate how the two payment 

methods impact stumpage bid prices. Fifteen timber tracts were sold through the auction, 

generating eighty-four paired bids. The majority of bidders did not differentiate their bids based 

on the method of timber payment (Figure 1).  Only seventeen of the eighty-four paired bids 

differentiated stumpage prices, with the SOAV payment method generating both higher and 

lower bids than the consumer scale payment method. The largest difference in paired bids was 

approximately $40,822 for the entire tract.  

 

The study is ongoing and further analysis of the bid data will be carried out in the coming 

months. 

 

 
 

Figure 1: Results for the February 2014 auction where the paired bid methodology was applied 

to assess how stumpage prices were impacted for tracts offered for sale under both the sold-on-

appraised volume (SOAV) and consumer scale payment methods. 

 

 

Discussion and Conclusions 

 

The primary purpose of this paper is to present the paired bid methodology and its forestry 

applications. The use of this particular experimental method within the context of forestry has 

provided valuable insight into bidding behavior and the impacts different timber sale features 

have on a bidder’s willingness-to-pay.  

  



37th Council on Forest Engineering Annual Meeting.  2014.  Moline, Illinois 6 
  

It should be noted that there are several limitations associated with using the paired bid 

methodology. Notably, the accuracy of the paired bid experiment is dependent on the bidders’ 

full understanding of how the variable of interest impacts their willingness-to-pay.  

 

Various factors need to be in place to successfully implement paired bidding. Implementation 

requires the cooperation of a forest management organization that is willing to modify its normal 

timber sale auction procedures.  The cooperator needs to provide clear, written instructions 

upfront and to answer follow-up calls from prospective bidders so they understand the 

requirements of submitting valid paired bids. It is also essential that all bidders are fully aware of 

the procedural requirements (i.e., submitting a pair of bids). Bidders also need to understand the 

criteria used to award a tract.  In all of the paired bidding experiments, the version of the tract 

selected to be sold (e.g., guidelines, no guidelines) was randomly determined after the close of 

sealed bidding, with the tract awarded to the highest bid for that version.  While the closing of 

each bidding process occurred at the end of one business day, the version that was not to be sold 

was withdrawn from the auction prior to the next business day, when the opening of the sealed 

bids occurred.   

 

While not pervasive, the paired bidding experiments have resulted in a few bidders expressing 

frustration with the requirement of having to conform to unusual bidding requirements.  For 

example, in the latest paired bidding experiment a few bidders felt there was not enough time to 

personally visit the individual tracts before submitting bids. Bidders were given the normal 

duration (30 days) to submit bids after the tract information became available online, but some 

bidders indicated the advance notice period wasn’t long enough to allow them to visit and cruise 

the tracts, especially when they planned to bid on multiple timber tracts. Bidders may be more 

inclined to cruise SOAV tracts prior to submitting a bid because there is greater risk to all parties 

from a volume estimation error. We recommend that future paired bidding experiments give 

careful consideration to assessing how the timber sale variable being studied impacts the 

information needed by prospective purchasers in order to formulate a fully-informed bid.  

 

One last potential limitation of the paired bid method is that the method only estimates the effect 

of observable timber sale features (e.g., use of guidelines, contract length, method of payment, 

etc.) on stumpage prices. Therefore, it can only be used to evaluate the tangible attributes of a 

timber sale and cannot evaluate any unobserved features (e.g., bidder’s demand for wood to 

harvest, logging skill, business acumen). One example of an unobserved feature of a timber sale 

is demonstrated when a bidder needs to fulfill a contract with a wood-consuming mill. Often 

times a bidder is willing to pay significantly more than the listed reserve price of timber to 

satisfy their contract. The landowner does not have access to bidders’ true value of timber, and 

therefore cannot adjust the minimum bid price (reserve price) upward to take advantage of the 

bidder’s maximum willingness-to-pay. This example illustrates that these unobserved variables 

do influence a bidder’s willingness-to-pay; however, the paired bid method does not provide a 

pathway to estimate these unobserved factors. The paired bid method only controls for factors 

that are part of a timber sale and known to both the seller and bidder. 

 

Despite the fact that there are several limitations to the paired bid method, it is important to note 

that paired bidding is a useful tool for assessing timber sales. The application of the paired 

bidding method does address specific economic questions regarding a prospective buyer’s 
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willingness-to-pay for stumpage, and each variable of interest that is studied has the capacity to 

provide invaluable information to timber sale program administrators.  The data generated from a 

paired bidding experiment can also help participating bidders better understand the tradeoffs 

associated with various timber sale attributes. If bidders understand the impact of different 

timber sale attributes on a bidder’s willingness-to-pay for a tract of timber, they could 

theoretically use the information to inform their bidding strategy. Future paired bid experiments 

might study how stumpage bids are impacted by the choice of timber sale administrator (cruiser), 

the percentage of appraised price required as down payment, timing of payments, or the season 

of harvest. By being able to isolate individual variables of interest through this method, public 

agencies are better able to understand the impact that each factor has on stumpage prices.  
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FVS-OpCost: A New Forest Operations Cost Simulator Linked with FVS 
 

Conor K. Bell1 and Robert F. Keefe2 

 

 

Abstract 

 

Increasing wildland-urban interface has pressured land managers to find innovative and cost-

efficient ways to reduce the threat from wildfire. Accomplishing this task will require a suite of 

management tools designed to account for a variety of geospatial and forest stand characteristics 

present on the landscape, providing accurate cost estimates on which to base their decisions. We 

are developing an expanded forest fuels treatment cost analysis program that enhances the 

capabilities of the Fuels Reduction Cost Simulator (FRCS) (Hartsough et. al. 2006). FRCS has 

been reprogrammed in R and linked directly to the Forest Vegetation Simulator (FVS) (Dixon 

2002) and the BioSum model (Fried and Christensen 2004). The new version of FRCS is called 

FVS-OpCost. FVS-OpCost makes it possible to choose between different harvest systems, and 

incorporates new production and cost equations from recently published literature. Gaps in the 

model are being filled with production and cost equations from recent literature. This work will 

deliver a finished product capable of interacting with BioSum and FVS, while covering a greater 

range of treatment options and cost algorithms, and improving the utility of the programs. After 

linking BioSum to FVS-OpCost, an array of simulations will be evaluated to characterize and 

map the cost-effectiveness of fuel treatments over the Pacific Northwest using the Forest 

Inventory Analysis (FIA) and other inventory data. The new simulator will also be able to 

simultaneously simulate a variety of prescription options and create cost estimations for future 

treatments, comparing real and ideal equipment options by region. 

 

 Keywords:  Modelling, Fuel Treatment, Programming, Simulation 

 

Introduction: Fires play an important role in North American forests. Fire events fundamentally 

shape the ecosystem and the communities within them. Some systems have naturally occurring 

fire intervals that can be allowed to run their course without interference, but in other 

environments (i.e. the wildland urban interface), fires need to be controlled. In post-World War 

II America, this control has traditionally come through reacting to and suppressing active 

wildfires. It is now known that this effective system of wildfire suppression has allowed forest 

fuels to accumulate unnaturally, resulting in catastrophic wildfires (Agee and Skinner 2005). One 

method that has been developed within the last few decades to address the accumulated fuel 

loading is an active reduction or manipulation of the pre-fire biomass within a forested stand. 

This practice is becoming increasingly common, motivated by evolving fire management 

practices and a better understanding of the benefits (Reinhardt et al. 2008). In many 

circumstances, it is cheaper, safer, and environmentally advantageous to treat the fuel loading in 

the stand before a fire occurs, rather than react to a wildfire with the full amount of available fuel 

to burn (Jain et al. 2012).  
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It has been demonstrated that manipulating the fuel loading in a forest stand prior to a wildfire 

event can reduce the fire intensity, which reduces the impact on tree mortality, offers greater 

control opportunities, and increases firefighter safety (Jain et al. 2012). However, these 

treatments can be expensive and forest managers need to understand the cost benefit associated 

with them (McHugh 2006). Often times, it can be difficult to estimate the cost of these 

treatments because of the variety of equipment, treatment methods, and biotic and abiotic 

variables (Robichaud and Ashmun 2013). Moreover, the extent to which costs change through 

the course of stand development, and the relative cost-effectiveness of fuel treatments, is poorly 

understood.  

One of the most commonly used cost simulation programs, the Fuels Reduction Cost Simulator 

(FRCS), provides effective estimates, but is due for improvement through the inclusion of 

updated algorithms and machine data. Further, coding of FRCS in an open source platform such 

as R and linking it with FVS will both expand the model’s existing capabilities and make it 

available to a wider audience.  We refer to this new simulation program as FVS-OpCost, because 

the model includes algorithms that estimate logging costs associated with silvicultural 

prescriptions within FVS as part of stand growth projections, and provides automated routines 

for choosing among available equipment options. The stand-alone version of FVS-OpCost will 

also incorporate a user-friendly graphical user interface (GUI) to make running the simulations 

as simple as possible. 

 

Figure 1. The R FVS-OpCost GUI closely resembles the existing FRCS GUI, but is being linked 

directly with FVS  

Objectives: Our primary research objective in this work is for FVS-OpCost to operate as a 

flexible, advanced cost simulator with the latest mechanized forestry systems incorporated into 

the FVS and BioSum models. Integrating FRCS into FVS will make it possible to estimate the 

net present value (NPV) of multiple future treatment alternatives, coupled with stand growth and 

yield projections.  

 



37th Council on Forest Engineering Annual Meeting.  2014.  Moline, Illinois 3 
 

 

Figure 2. Comparison of real (available equipment) and ideal (regionally unavailable, preferable 

equipment) costs  

 

FVS-OpCost is being designed to not only simulate the harvest system prescribed by the user, 

but also alternative systems in order to compare among treatment options and associated costs. 

This interface helps operations foresters and forest planners choose from among the range of 

possible harvest systems, and assigns rank based on the present value of future costs associated 

with possible silvicultural treatments. Additionally, FVS-OpCost also makes it possible to 

generate paired stand yield curves over time and the present value of both associated treatment 

costs and harvest revenue from the FVS-ECON extension. Together, the future revenue and cost 

data provide detailed estimates of net present value (NPV) that can be input into planning 

software such as SNAP for Arc-GIS (Sessions 1993).    

FVS-OpCost also provides the user a unique option for comparison of real and ideal treatment 

options. In this case, the ideal treatment scenario is based on all possible equipment represented 

in the model, while the real scenario is based on regional surveys of actual equipment 

availability.  

Methods: Currently, we are coding the available algorithms on forestry production rates into the 

FVS-OpCost simulator. The different forestry equipment is being organized and weighted by the 

machine type, horse power, and the harvest system that this equipment is generally utilized with. 

In the case of multiple studies showing different production rates for one piece of equipment the 

formulas are weighted equally, unless there is evidence in the literature that one formula is 

significantly more accurate than another.  
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Most productivity studies develop their formulas around the amount of mass removed per set 

amount of time. FVS-OpCost applies these kinds of formulas by using the estimated amount of 

removed or altered material within a forested stand, designated by FVS or by the user of the 

program, to predict the time it will take to complete an acre. Then the current regional labor and 

machine costs are applied to the amount of time per acre to estimate the cost to treat each acre. 

This information is saved within its own data matrix and can then be accessed by the operator or 

written back to the parent program. However, there are many productivity algorithms that 

express their outputs using different variables, and in these cases the algorithms are either 

directly adjusted or the outputs are used within a second formula to derive the required outputs. 

There are a small number of published algorithms that cannot be adjusted to work within this 

framework, and in an effort to keep the program user friendly and as simple as possible, those 

algorithms are not used within FVS-OpCost 

 

 

Figure 3. Illustration of currently coded publications and machines in FVS-OpCost 

 

Input data for the current version of FVS-OpCost is acquired from a Microsoft Access database 

that is created by the BioSum simulator. Those Access databases are called using the RODBC R 

package (Ripley and Lapsley 2002) and a few custom created drivers. Once the R program has 
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identified the driver linking it to Access, the cutlist data table is loaded and the information for 

the amount of the removed or altered material is used to estimate the cost associated with that 

operation. The estimated time required for each activity is used to predict cost on a per acre 

basis. The program then writes the cost estimations back into Access for further analysis in 

Biosum. 

Before FVS-OpCost is released to the public, extensive testing is being done to evaluate how 

cost estimates provided for stand treatments compare to those from FRCS and to identify 

possible prediction errors. For systems that have not been previously modeled, we will confirm 

acceptable accuracy through comparison with regional logging cost indices (Meek 2014).  

Our goal with FVS-OpCost is to represent as wide a range of current forestry equipment and 

harvest systems as possible. To accomplish this task, the latest production and cost estimates 

from published research need to be incorporated. Further, equipment and systems that have not 

been adequately studied will be identified. For 2-3 systems identified as being critical for fuel 

treatments, new work sampling or time and motion studies to characterize production are being 

completed during 2014 and 2015.  

 

 

Figure 4. Flow chart showing the objective dates for FVS-OpCost. 

 

 Further Work: OpCost will be operating with FVS and the BioSum framework by August, 

2014. Once the program is functioning within BioSum, the final design of the stand-alone system 

and the FVS system will be completed. The current goal is to have a functioning stand-alone 

system available by January 2015, including the addition of new published studies from the 

literature and 1-2 newly completed field studies. 
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Characteristics of Successful and Innovative  
Logging Contractors in the Northeast US 

Jeffrey G. Benjamin1, Steven Bick2, Wendy Farrand3, René Germain4 

INTRODUCTION 
Logging businesses in the Northern Forest face several key challenges that integrate social, 
economic, and ecological issues. Technological challenges related to logging equipment and 
environmental issues related to impacts from forest operations on soil, water quality, and 
biodiversity are well known. Social and organizational challenges related to communication and 
business interactions throughout the supply chain are less known, but equally important. 
Effective communication is critical both within individual logging companies and between each 
link in the supply chain. Financial challenges can be found with all of the above factors, 
including development of new technology, maintenance and operation of existing equipment, 
organizational changes, and the cost of implementing Best Management Practices. Each 
challenge represents an opportunity to improve the supply chain, providing research efforts are 
well coordinated and focused on high priority issues.  
 
Many logging contractors continue to succeed in the face of such challenges because they are 
committed to continuous improvement. They develop innovative solutions to a wide range of 
issues – from communication with employees to increasing machine productivity. Furthermore, 
they systematically seek to understand the impact of their decisions on operational costs and 
production rates.  Their approach to innovation and cost analysis is more important to the overall 
industry than the specific outcomes because each logging operation is unique.  This paper will 
profile a small group of logging contractors from the Northeast Region to characterize business 
practices, personality traits, motivational skills, and other innovative activities common to their 
success.   

BACKGROUND 

Condition of the Logging Industry 
The forest products supply chain in the Northern Forest states of Maine, New Hampshire, 
Vermont and New York is comprised of many independent contractors that provide a service to a 
diverse group of landowners and supply raw material to multiple wood-using facilities. It is well 
known that the logging industry faces an uncertain future with significant challenges aggravated 
by the most recent economic downturn. As result of a dramatic decline in downstream market 
demand, national logging industry revenues contracted 5% per year from 2005 to 2010. The 
average number of logging companies decreased at a rate of 4% per year during the same period 
(Moldvay 2010). In discussions at a recent logger symposium in northern New York5, it came to 
                                                 
1 Associate Professor of Forest Operations, University of Maine, jeffrey.g.benjamin@maine.edu 
2 Forest Economist, Northeast Forests LLC, steve@northeastsforests.com 
3 Forest Industry Consultant, wendyfarrand@gmail.com 
4 Professor of Forest Management, SUNY-ESF, rhgermai@esf.edu 
5 Organized by René Germain of SUNY-ESF, a logger symposium entitled Striving, Thriving, or Just Surviving: Issues and 
Answers for the Forest Products Community was held in Lyons Fall, NY on November 9-10, 2011.  René Germain, Jeffrey 
Benjamin, Steven Bick, and Wendy Farrand were among the 16 presenters. 
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light that many contractors have implemented short-term cash flow approaches to stay in 
business which uses their business equity to subsidize production costs. As a result, their returns 
on equity must significantly increase to achieve long-term success. The symposium also 
highlighted a need for models and cost benchmarks to analyze operational metrics and to manage 
rising equipment costs.  Many in attendance grudgingly admitted that they use unsophisticated 
forms of cost analysis, if any at all. Leon and Benjamin (2013) recently completed a baseline 
survey of logging contractors from the Northern Forest region related to logging capacity, logger 
demographics, and infrastructure. Industry-wide surveys and discussions provide context for the 
challenges facing the logging industry, but there is still a need to work with individual 
contractors and to study specific examples of success in these difficult times so the industry as a 
whole can be more competitive.  
 

Process Improvement 
Logging operations are basically the same as manufacturing plants with the obvious difference 
that in logging operations the factory (harvesting equipment) is mobile and the raw material (the 
forest) is stationary. This means that industrial engineering programs such as lean manufacturing 
and statistical process control are also applicable to forest operations. Although complex process 
improvement plans are not common in forest operations, Coup et al. (2011) have shown that 
these techniques can be effective if contractors are committed to process improvement and if 
they systematically collect key operational data.  Innovative logging contractors, who have the 
ability to maintain competitive advantage in the face of rising performance standards associated 
with Best Management Practices and various certification programs, serve as valuable role 
models for the industry. 
 

The Importance of People to Process Improvement and Innovation 
Innovation is the key to overcoming the significant challenges facing the logging industry and it 
all begins with a desire to improve. The success of these types of activities depends on people 
creating new ideas and their willingness to change. Fortunately, the Northeast Region has a 
dedicated and skilled workforce that harvests and transports forest products day in and day out, 
year after year. The loggers have an intimate knowledge of the strengths and limitations of their 
operations. Stone et al. (2011) found that logging contractors and their employees are critical in 
fostering innovation and developing a culture of continuous improvement.  They placed the 
individual firm at the center of the innovation system with connections to several organizations 
including other logging contractors, equipment dealers and manufacturers, mills, and 
landowners. Employees were found to be essential to innovation success because they 
participated in the development of new processes and practices, implemented and monitored 
innovations, and transferred knowledge gained outside the firm. Study results showed that 
successful firms have created a culture of innovation by encouraging open dialogue with 
employees on new initiatives.  
 
Successful contractors recognize the important role their employees have in fostering innovation, 
but there is a need to transfer that knowledge to the rest of the industry. A recent mail survey of 
Maine logging contractors indicated that innovation activities noted by Stone et al. (2011) are not 
common across the industry. Benjamin et al. (2012) found that although logging firms have a 
high degree of willingness to adopt and implement innovations to reduce unit cost and increase 
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production, over 50% of firms surveyed do not generate innovations internally. Modifications to 
equipment and changes in production practices are the most common type of innovations 
performed. The study also found that only 30% of logging contractors participate in productivity 
improvement programs which are expected to reduce production costs through decreased 
downtime, improved safety, and increased productivity.   Previous results from Maine clearly 
show that some contractors have been successful at creating a culture of change in their 
operations and this paper expands those efforts through a new set of contractors from the 
Northeast Region.   

METHODS 
Starting in the spring of 2013, we interviewed 18 successful and innovative logging contractors 
(Maine (5), New Hampshire (5), New York (6), and Vermont (2)) to determine how they have 
maintained a competitive advantage during these difficult economic times. We identified project 
participants by following a similar methodology as described in Stone et al. (2011) with the 
addition of an online survey of industry representatives. Survey participants were asked to list 
and rank the most successful and innovative logging contractors in their state and then to provide 
a reason why each contractor was identified.  We selected contractors for the study based on how 
often they were mentioned in the survey, their rank, and the uniqueness of their innovation 
activities. We also selected contractors to ensure a wide range in firm size (owner operators to 
full-service contractors), harvest operations (manual to fully mechanized), and business model 
(stumpage contracts to logging services). 

RESULTS 

Logging Contractor Profiles 
We were able to interview a diverse group of logging contractors as summarized in Table 1.  The 
majority of participants have been in business since the 1980s (44%), but there is a significant 
number who started in the 1960s and 1970s (34%) and after 1990 (23%).  Although we did 
interview the owner of a very large company by logging industry standards (100 employees for 
Contractor L), the remaining companies had 40 employees or less with an average of 15.  Over 
half of the contractors interviewed got started in the business either through a family history in 
logging or farming and approximately 25% received some level of advanced forestry training 
through either a technical program or an undergraduate degree.  Only one participant could be 
described as a first generation logger.  The majority of contractors interviewed (78%) used 
whole-tree harvest systems exclusively and over 75% of those also had chipping or grinding 
capabilities.  Although three contractors used cut-to-length harvest systems, one of them also had 
a whole-tree system (Contractor A).  The most unique business model in our sample was that of 
Contractor E where the company was only responsible for chipping (whole-tree at roadside) and 
trucking.  Harvesting and primary extraction were handled by a number of other contractors.  
Over half of the participants operated primarily on large industrial forests (often managed by 
TIMOs and REITs), followed by a combination of small private lands (or family forests) and a 
small amount of state and national forests.  
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Table 1.  Company profiles of logging contractors interviewed for this research.

 

ID State Year  
of Est.

No. of 
Employees

Business Type Background Harvest System Details Landowner Characteristics

A ME 1967 12 Not Provided Logging Family 1 WT (3 skidders), 1 CTL Private Industrial Forestland (2-3 Landowners / 
Managers)

B ME 1984 25 Corporation Logging Family 2-3 WT (1 chipper) Private Industrial Forestland (1 Landowner / 
Manager), Company Owned Land

C ME 1989 3 Not Provided Farming and Music WT (Feller Buncher, Grapple & 
Cable Skidder, Chipper)

Small Private Landowners, Family Forests

D ME 1995 11 Corporation Entrepreneurial 
Family

1 WT (2 shifts) Private Industrial Forestland (1 Landowner/ 
Manager)

E ME 2008 17 Not Provided Construction WT Chipping (Flail Chipper 
and Grapple Skidder)

Private Industrial Forestland (1 Landowner/ 
Manager)

F NH 1973 NA Not Provided Logging Family 1 WT (Feller Buncher, Grapple 
Skidder, Delimber Chipper)

Small Private Landowners

G NH 1975 22 Corporation Farming Mutiple WT (Feller Buncher, 
Grapple Skidder, Delimber, 
Chipper)

Small Private Landowners (85%), National 
Forest (15%)

H NH 1979 40 Corporation Forestry Degree 5 WT Skidding and Delimbing 
Crews with 3 Feller Bunchers

Private Industrial Forestland (75% 1-2 
Landowners / Managers), Small Private 
Landowners (25%)

I NH 1981 22 Not Provided Farming and Forestry 
Degree

2 WT (2 Feller Buncher, 3 
Grapple Skidder, 2 Slasher, 2 
Delimber, 3 Chipper)

Small Private Landowners (95%), Company 
Owned Land (5%)

J NH 1983 3 Partnership NA 1 WT (Feller Buncher, Grapple 
Skidder, Chipper)

Small Private Landowners

K NY 1961 10 Corporation First Generation 
Logger

1 WT (1 Feller Buncher, 2 
Grapple Skidders, 1 Slasher, 1 
Drum  Chipper)

Private Industrial Forestland, Small Private 
Landowners

L NY 1980 100 LLC Farming 3-4 WT (Feler Buncher, 3 Flail 
Chippers)

Private Industrial Forestland, Small Private 
Landowners

M NY 1982 0 sole proprietor Forestry Degree 1 Manual (Chainsaw, Cable 
Skidder)

Small Private Landowners, State Forestland

N NY 1983 26 Corporation Logging Family 2 WT (2 Feller Buncher, 4 
Grapple Skidder), 1 Flail 
Chipper

Private Industrial Forestland (95%), Small 
Private Landowners (5%)

O NY 1984 6 LLC Logging and 
Sawmilling Family

1 WT Private Industrial Forestland (75%), Small 
Private Landowners (25%)

P NY 1967 15 Corporation Farming 2 WT (Feller Buncher, Grapple 
and Cable Skidders, Loader / 
Slasher), 1 Grinder

Small Private Landowners

Q VT 2000 3 LLC Forestry Degree 1 CTL (Harvester and 
Forwarder) 

Small Private Landowners

R VT 2000 11 Corporation College Graduates 3 CTL (2 Harvesters, 1 Manual, 
3 Forwarders), 2 Subcontract 
CTL Crews

Small Private Landowners
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Ten Traits of Innovative and Successful Logging Contractors 
Several themes emerged from our interviews with respect to managing forest operations, general 
business practices, working with people, and outreach and service.  We summarized these into a 
list of traits as shown below in Table 2.  We have not ranked these traits in terms of order of 
importance as there is no “one size fits all” for anything in the logging industry, especially with a 
qualitative effort such as this.   
 

Table 2. Summary of key themes and associated traits arising from contractor interviews. 

 
 

Forest Operations Management 
The logging industry in the Northeast US is dominated by mechanization.  There are of course 
many loggers who still operate with a chainsaw and cable skidder, but based on the volume of 
wood produced, fully mechanized operations (whole tree and cut-to-length) are the highest 
producers (Leon and Benjamin 2013).  Therefore, it is no surprise that a group of contractors 
selected for their success and innovation activities would recognize the importance of properly 
maintaining equipment to avoid lost productivity.  For example, Contractor A consistently 
allocates a set amount of funds each year for spring maintenance.  The value of routine 
maintenance was stressed by Contractors B, H, M, P, and Q and recently, Contractors L and R 
began routine oil testing on all the equipment. 
 
As challenging as it is to keep equipment in operation and to maintain profitability, the 
contractors in our study all had tremendous pride in their work and a high degree of confidence 
in their ability to face whatever challenge was set before them. For example, Contractor P stated 
that he is “proud to be a logger” and then added that “there’s guys I’m not proud are loggers.” 
Contractor A would not even let his crews split wood in the rain stating “I don’t want my wood 
dirty.”  Contractor D tells his crew members that he considers cutting trees an art, and you are 
changing the landscape for the next 50 years and they must take a lot of pride in it. Upon leaving 
a jobsite, Contractor D said, “At night, when you are leaving, driving out you can look and say 
we did something today, a nice job and I’m proud of that.” 

Theme Trait

- Maintain Equipment to Avoid Lost Productivity
- Have Pride in Work and Confidence in Abilities

- Understand Key Financial Indicators
- Commitment to Continuous Improvement
- Understand the Importance of Diversification

- Identify, Hire, and Reward Good People
- Develop Long Lasting Business Relationships
- Manage Stress and Responsibilities

- Engage in Industry and Community
- Value Family

Forest Operations Management

General Business Practices

Working with People

Outreach and Service
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General Business Practices 
The technical aspects of forest operations are closely related to business management.  Most of 
the contractors interviewed were well aware of key financial indicators that determined their 
success. For example, half the participants agreed that capital and good credit are a necessity 
when managing a healthy business (e.g., Contractors Q, K, L, M, P, N, B, A, G, R) and they all 
made mention of their own good credit rating at some point in the interviews. Contractor D 
summed up his way of managing his business, “The day I have to take a line of credit to buy 
firewood or put money back in my machine, I’m not managing my business correctly. What am I 
doing wrong in those ten months that I can’t survive two months?”  Contractor Q also linked 
capital and credit to innovation. 
 
A natural outcome of hard work, confidence in abilities, and an understanding of financial 
performance measures is a desire to improve over time.  The logging industry is full of ups and 
downs, unpredictable events and a host of other challenges, but many of the contractors 
interviewed routinely evaluated systems and processes with the goal of improvement.  The 
performance measures used obviously differed among participants in the study, but the 
commitment to continuous improvement was consistent. For example, after attending a lean 
manufacturing workshop, Contractor M said, “I never realized how lean I was.  I won’t take a 
step in the woods unless it’s necessary.” He had been applying the principles of lean 
manufacturing unknowingly.  Contractors A and H in particular focused on improved processes 
(e.g. equipment specifications and harvest layout considerations) to increase production and 
ultimately reduce costs.   
 
With respect to innovation, Contractor R relates being innovative to being a contrarian by nature.  
He simply looks at things differently than others in the industry or even in his own company and 
he is not afraid to try something new – including diversification. He said that “if I have five new 
ideas, four are bad, my partner says try them all though.”  It is our belief that decisions to 
diversify from core business strategies arise from a culture of continuous improvement and in 
effect lowers operating costs by spreading certain fixed costs over multiple revenue streams.  
Scale of diversification is obviously linked to company size, but even the small businesses (i.e., 
less than 5 employees) were able to find ways to diversify.  For example Contractors C, Q, I, and 
F all have diverse revenue streams from the following: logging, sawing, trucking, music, 
excavation work, and forestry services. Contractor P noted, “If we were still just a logging 
company, we wouldn’t be here.” 
 

Working with People 
The technical and financial aspects of the logging industry are quantifiable, but an equally 
important and more intangible consideration is working with people.  In the age of 
mechanization it is easy to focus on cycle times, productivity, utilization, costs, and repairs, but it 
is critically important to remember that nothing can be accomplished in the woods unless there is 
a skilled, hard-working, and motivated operator in the cab.  This is why every participant in this 
study, even Contractor M who did not have any employees, recognized the value in identifying, 
hiring and rewarding good people even if it can be difficult to do.  For example, according to 
Contractor M, it is hard to gain experience as a logger, but entry level people need to find a way 
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of breaking into the business. Contractor P wishes he could easily hire another four man crew for 
winter work, but it is too difficult when potential employees cannot pass a drug test, do not show 
up on time, and do not have the skills they claim to have. As a result, he hires local people who 
are “limited in what they can do.” 
 
Keeping good people is crucial to keeping the wood flowing and there are many ways to do this. 
There is clearly value in soliciting input from employees in most decisions, especially when 
purchasing equipment (Contractors A, B, D, F, H, I, K, N, O, P, Q, R,).  Contractor D states, “It 
makes them feel a part of the team, if you are not part of the team, then how are you going to be 
a team player?” Turnover is a concern in any industry, but just under half of the contractors 
involved openly stated minimal or no turnover (Contractors A, B, D, F, G, H, R). Clearly, many 
of the participants have found ways to maintain a talented workforce including monetary 
bonuses as stated by Contractors D, P, and Q. 
 
Regardless how many employees a given contractor has, it is also vitally important for them to 
develop long-lasting business relationships within their own innovation system.  It was clear 
through our interviews that even though the contractors may not have been aware that they 
operated in an innovation system as described by Stone at al. (2011), they still recognized the 
value of strong relationships with other loggers, foresters, equipment dealers, landowners, and 
mills.  The strength of each relationship varied depending on the contractor, but they worked to 
improve those relationships.  For example Contractor Q and O have fostered long term external 
relationships that serve them well. Contractor Q has built his credit rating over time with his 
local bank by financing five pieces of equipment. He has a strong relationship with his loan 
officer of ten years and has even moved with him to his new bank. The same holds true for 
Contractor O.  As people move around in the industry, he finds his relationships stay strong. He 
has had landowners and foresters reach out to him to maintain their relationships. Some of these 
relationships come from within the company too.  People have to work as a unit, and if you break 
that unit up you have a problem. For example, Contractor K stated, “We don’t always all agree 
on everything, but we are able to sit down and talk about it. I always like to listen to the other 
guy. I may think I’ve got it figured out pretty good, but I like to listen to the other guy.” 
 
Logging contractors have arguably the most stressful job in the forest industry.  It is a highly 
capital intensive business with low profit margins in an environment where many costs (e.g., fuel 
and repair parts) continue to rise.  They have to hire, train and retain skilled workers from a 
shrinking pool of qualified applicants.  State and federal laws, as well as forest certification 
initiatives result in increasing amounts of paperwork for each harvest operation.  Although not a 
universal trait among our participants, many did seem to be successful at managing the stress and 
responsibilities of their profession.  For example, Contractor P reduces stress through hunting, 
fishing and traveling. Contractor I surrounds himself with good people who can help him make 
good decisions. Contractors B, C, F, H, N, and R all take the “put it into perspective approach” 
where they identify things they have suffered through, or tend to focus on the things in life that 
are really important like family and home life. Contractor C is proactive and eliminates 
potentially stressful situations before they happen, citing preventative maintenance as an 
example. 
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Outreach and Service 
The contractors involved in this study were, to varying degrees, actively engaged in the forest 
industry and in their communities.  On one hand this likely reflects a bias in the study given that 
one of the ways contractors would have been recognized as successful or innovative would be by 
their exposure to others in the industry.  Those that are active members of professional 
organizations, serve on industry committees, or are regular attendees of industry events would 
naturally be more likely to be nominated for this study.  That being said, many of those 
interviewed are strong supporters of the forest industry in their region as well as active members 
of their communities.  For example, Contractor C organizes an annual community and family 
friendly event at his place of business.  The intent is to get people engaged in the logging and 
sawmilling industry and over time this event has been widely successful.  Finally, service on 
boards and committees of professional logging organizations at the state and national levels 
cannot be understated (Contractors B, F, G, I, J, M, N).   
 
The importance of family was often mentioned throughout the interviews.  Clearly this is a 
personal issue and it was not even part of our original line of questioning, but after spending a 
couple of hours with these men it was clear that they value family – both their own and those of 
their employees.  Many participants have family members currently active in their business 
(Contractors A, B, F, G, H, J, K, L, N).  This takes the form of a spouse keeping track of office 
records to a son managing a portion of the day to day operations to a full scale family operation 
where up to five immediate family members play active roles in the business. 
 
The struggles and challenges they face each day in their businesses have an impact on their 
family life.  Logging contractors are people just like everyone else.  More than a few expressed 
some regret over long hours that kept them away from home, and several of our participants had 
been through difficult breakups and divorces.  Contractor B said of his first wife, “She wasn’t 
really into logging too much.  She thought because I owned the business I could come and go as 
I please.”  In most of those cases the long hours of work actually links back to pride in their 
work and a high degree of confidence in their abilities.  They do what it takes to get the job done.  
Some of the participants clearly worked hard to find a balance between their business and quality 
of life.  For example, Contractor Q clearly stated that “Sunday is a family day – if there is time 
away it is strictly with them.  If I’m away from work, it should be with them.”  Contractor R has 
created a relaxed or informal work environment where specific work goals are discussed and 
established week to week or month to month, but employees are left to their own as separate 
crews to meet the objectives.  The senior manager does not micro-manage each crew and said, 
“I’m not going to ask people to do things I don’t want to do.  I’m going to spend time with my 
family.”  This creates much more flexibility for family life and personal time than other business 
models.  Clearly there are many ways to run a successful logging operation. 

CONCLUSIONS  
This study has provided a unique perspective on what it takes to be a successful and innovative 
logging contractor in today’s forest industry.  The diverse nature of our participants in terms of 
company size, harvest systems used, backgrounds, and type of land base lends credibility to the 
similarities in themes and traits observed.  Clearly there is not a step-by-step guide to becoming a 
successful logging contractor, but a commitment to continuous improvement – either through 
technical issues with equipment, marketing strategies, or managing people – is the overall theme 
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among the contractors interviewed.  Future work will include using examples and data from the 
interviews to calibrate a harvest planning model with particular emphasis on hourly machine 
costs, harvest system balance and productivity indicators, ROI and other financial indicators of 
success and analysis of process improvement data.  Development of a series of workshops to 
transfer best business practices and innovation approaches to other logging contractors is also 
underway. 
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Abstract 

 

In this study, we evaluated the productivity and cost of each component in a unique biomass 

recovery operation to determine cost effective system logistics. Cost analysis determined a 

stump-to-truck cost of $26.59 per bone dry ton (BDT). The system was divided into three 

segments: collection, comminution, and transportation. Average costs per segment were $9.01, 

$17.58, and $10.97/BDT, respectively. Transportation cost was evaluated for a total one-way 

haul distance of 15 miles. To control overall cost it is imperative to maintain maximum 

productivity of processing, our most expensive component. Therefore, up- and downstream 

practices were examined to determine how they influenced the system. Analysis of the loader 

operation showed a 33 percent increase in cycle time when handling hardwood whole trees piled 

at a landing, compared to conifer slash piled within the unit. Regression analysis of the modified 

dump truck used in the pre-haul, confirmed that distance had a significant impact on overall 

centralized biomass grinding operations.  Sensitivity analysis showed that a 20 percent reduction 

in productivity due to increased travel time resulted in a 25 percent increase in grinding cost. A 

decoupled transport system used all-wheel-drive tractors to haul comminuted biomass from the 

grinder to a trailer landing, where regular highway tractors completed the trip to the power plant. 

This system reduced delays in loading and improved access to the grinding location. Through an 

understanding of the complete system, a manager could identify cost saving elements, adjust 

upstream productivity to meet demand, and reduce the overall cost of a biomass recovery 

operation. 

 

Keywords:  biomass energy, forest biomass, primary transport, system balance, logging slash 

 

Introduction 

The utilization of forest residues has great potential for expanding biomass electrical power 

generation on the north coast of California. Currently, processed sub-merchantable trees, limbs 

and tops from processing logs, and mill waste supply a third or 60 megawatts (MW), of 

Humboldt County’s electrical demand (SERC 2012). The availability of woody biomass within 

the county has been estimated to provide enough to support up to 220 MW (Williams 2007).  
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In addition to increasing the county’s power generation, the recovery of woody biomass in the 

form of logging residues benefits commercial timberlands by significantly reducing site 

preparation costs. The direct cost to remove piled residues is about the same as burning it 

without the added risk of an escaped fire and air quality issues (Alcorn 2012). In addition, the 

need to control fire stimulated “weed” species such as blueblossom (Ceanothus thyrsiflorus) and 

manzanita (Arctostaphylos manzanita) with herbicides is reduced. The total cost savings for 

reforestation activities can range from $350 to $800 per ac or more when consequent reductions 

in carbon emissions, fire risks, and herbicide application are considered in biomass recovery 

(Alcorn 2012). 

Benefits from biomass recovery can also be realized in the mechanical removal of slash piles 

created from fuel management practices. This method has been used in National Forests in 

northern California as an alternative to open pile burning, avoiding negative effects such as 

smoke production, residual tree mortality, and the risk of fire escape (Han et al. 2010). It also 

reduces the time required to proceed to the next step of understory burning, which often follows 

pile burning. 

Despite these benefits, forest residues remain underutilized due to economical and operational 

barriers related to the cost of collecting, processing, and transporting a product with low market 

value (Han et al. 2002). Pan et al. (2008) reported a total production cost to fellerbunch, skid, and 

grind small-diameter trees (< 5.0 in.) at $29.16/BDT. Productivity of primary transport of whole 

trees to the landing over an average distance of 884 ft was 17.41BDT/Productive machine hour 

(PMH) at a cost of $6.08/BDT. To improve productivity and reduce cost of the whole system, 

they suggested reducing operational delays by matching the productivities of each machine in the 

operation or “achieve system balance”.  

Transportation of biomass using hook-lift trucks has also been studied. Harrill et al. (2009) 

evaluated this method of pre-haul of bundled biomass from a landing to a centralized grinding 

area. The total production cost for this operation was $60.98/BDT. The productivity of loading 

and hauling bundles 4.5 miles to a grinder was 10.07 BDT/PMH at a cost of $16.62/BDT. 

Unfortunately, the bundler and loader were not decoupled, which resulted in a poor system 

balance. An improvement in the pairing of machine capacities and operational productivity could 

have resulted in a reduction of cost. In a similar study, hook-lift trucks were used to pre-haul 

loose logging slash to a centralized location for processing. The total production cost to load, 

haul, and grind was $32.98/BDT. The difference in productivity of loading (20.10 BDT/PMH) 

and hauling (9.93 BDT/PMH) the loose slash led to bottlenecks in the operation. To reduce cost, 

the authors suggested carefully planning a strategic logistical arrangement of machines with 

multiple hook-lift trucks at a minimal travel distance (Harrill & Han 2010). A hook-lift truck 

used to pre-haul hand piled slash from shaded fuelbreak treatments inaccessible by typical 

highway chip trucks was also studied. Collection and pre-hauling to a central grinding site costs 

were $31.25/BDT. It should be noted that pre-haul costs were sensitive to haul distance due to 

slow travel speeds on windy, mountainous roads and low slash weight per turn (Han et al. 2010). 

In a more recent study (Anderson et al. 2012), the transport of unprocessed slash to a 

concentration yard using 5th wheel end-dump trucks was compared to an in-woods grinding 

system using high-sided dump trucks to haul ground material to a concentration yard. System 

costs were comparable at $23.62 and $24.52/BDT, respectively. In both cases, the system was 

dependent on appropriately balancing productivity rates of individual machines.  
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In all of these studies, an understanding of individual machine productivity and cost was 

essential in determining an efficient system balance. To improve the knowledge of cost reduction 

methods and system balance techniques, our study investigated the production cost of collecting, 

processing, and transporting forest residues from mixed conifer even-age harvests on the north 

coast of California. The emphasis of this study was to identify key variables that influenced the 

productivity of individual components of the biomass recovery system. These findings could 

then be used to guide recommendations on ways to establish and manage system balance in an 

effort to control cost. 

 

Study Methods 

Study site and biomass recovery system description 

The study was conducted on private industrial timberland in northern California that typically 

utilizes even-aged management. Six harvested units ranging from 7 to 33 ac in size were selected 

for the study. Biomass recovery operations in all units followed the same system logistics. The 

vegetation was second growth mixed conifer consisting of redwood (Sequoia sempervirens), 

Douglas-fir (Pseudotsuga menziesii) and tanoak (Lithocarpus densiflorus). The units were 

previously harvested using either a shovel logging or cable yarding system, depending on ground 

slope. The amount of biomass and location of piles was dependent on the harvest method used. 

Biomass from processing trees was typically piled in the unit for shovel logging systems. 

Biomass from cable units was piled at the landing. We characterized the biomass material into 

three groups: slash, whole trees, or mixed. Slash was typically limbs and tops generated from 

processing logs. Whole trees were either non-merchantable conifer or hardwood, such as tanoak. 

The amount of biomass removed from a unit ranged from 12 to 55 BDT/ac and was dependent 

on harvest unit size, harvest method, and access (Alcorn 2012). 

The study observed the collection, comminution (i.e. grinding), and transportation of forest 

residues (Fig. 1). The collection segment of the operation started in the harvested unit with a 

loader (Linkbelt 3400) using a rotating 10 tine grapple. The loader collected biomass from piles 

at roadside landings, piles within the unit, or scattered residues. Its primary function was to load 

an all-wheel-drive (AWD) articulated dump truck (Volvo A35C or Caterpillar D300D) modified 

with additional side walls and a rear gate extension to increase the normal carrying volume to 50 

cubic yards or more. In addition, the dump trucks were outfitted with skidder tires for increased 

traction. This allowed the truck to haul material over native surface spurs and single lane roads 

with an average grade of ± 4 percent to a centralized grinding site. 
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Figure 1. Description of the biomass recovery system logistics and the major components 

characterized by this study. 

The comminution segment was the core of the biomass recovery operation. It incorporated a 

majority of the machines, beginning with the dump truck delivering material to a loader. The 

loader (Linkbelt 3400) used a rotating 7-tine grapple to swing dumped material onto the 

grinder’s (Perterson Pacific 5710C) infeed conveyer. After processing, the ground material was 

fed via conveyor into a positioned chip trailer. This segment of the operation required adequate 

space (approximately 10,000 ft
2
) to accommodate every machine, including passing log trucks 

from other operations (Morris 2013). 

The transportation segment was decoupled using tractors to haul chip trailers from the 

centralized grinding area to a trailer transfer site, where additional tractors would haul the 

material the rest of the distance to the power plant. AWD tractors, modified from cement trucks 

(Kenworth, Peterbuilt, and Oshkosh), were used to haul loaded chip trailers an average of two 

miles, each way, to the transfer site. Multiple trucks were used to ensure minimal delay in the 

grinder’s “hot-load” operation. The trailer transfer sites were typically located roadside on well 

traveled, two-lane, rocked roads. The final haul to the power plant was done using regular 

highway tractors. The total observed one way travel from stump to power-plant was 15 miles.  

Data collection and analysis 

Hourly cost for each machine was calculated using standard methods (Miyata 1980; Brinker et 

al. 2002). Cost factors including modifications were collected from the contractor (Table 1). 

Detailed time study data were collected to estimate machine productivity and delays using 

standard harvesting work study techniques (Olsen 1998). Cycle times and delays for each 

machine were recorded using centiminute (minute/100) stop watches. Independent variables 

hypothesized to have an influence on machine productivity were also recorded for each cycle. 

Predictive equations were developed using ordinary least squares regression and models 
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generated. Parameters were considered significant if the p-value was < 0.05. Moisture content of 

samples collected from chip trailers were used to calculate weight in BDT and determine 

production rates (BDT/PMH). Distance, rate of speed, and road grade data for transportation of 

slash and ground material were collected using a hand-held Garmin Csx60 GPS unit and 

analyzed using ArcMap 10.0 (ESRI 2011). 

Table 1.  Hourly cost ($/PMH
a
) for the machines used in the biomass recovery operation. 

Machine Initial price
b
 Utilization rate

c
 Total hourly cost

d
 

 

($) (%) ($/PMH) 

Linkbelt 3400 345,000 90 220.81 

Volvo A35C 75,000 90 111.59 

Peterson Pacific 5710C 650,000 85 448.02 

Kenworth tractor 80,000 50 117.62 

42 foot trailer 6,000 35 3.89 

Highway tractor 144,000 85 86.03 
a 
PMH: productive machine hour. 

b 
Modification cost included. 

c 
Rates estimated by contractor.  

d 
Labor cost included. 

 

Results and Discussion 

Table 2.  Productivity and cost of a biomass recovery system including centralized grinding 

operation in northern California. 

Machine Productivity Cost Average distance
a
 

 

(BDT/PMH) ($/BDT) (miles) 

Loader in unit 46.57 4.74 - 

Dump truck 26.16 4.27 0.48 

Loader 38.04 5.80 - 

Grinder 38.04 11.78 - 

AWD
c
 chip van 26.47 4.59 2.13 

Highway chip van 14.08 6.38 13.00 

Total stump to truck  26.59 (71%)
b
 0.48 

Total transportation   10.97 (29%)
b
 15.61 

Total 38.04 37.56
d 

15.61 
a 
One-way distance. 

b
 Percent of total cost. 

c 
AWD: all-wheel-drive. 

d 
The total cost does not include other costs such as supporting equipment (fuel, water, 

maintenance trucks), overhead, and risk/profit allowance. 
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Loaders in the unit 

From regression analysis whole tree piles were found to increase cycle time compared to slash. 

This may be due to tree size and length, making it more difficult to handle. Pile location also had 

an influence on cycle time. Scattered material in the unit increased cycle time more than piles 

along the roadside and more so for material piled in the unit. Cases with mixed material were not 

found to be significant (p-value = 0.81).  

Dump truck  

The dump truck round-trip cycle time averaged 12.69 min. traveling an average one-way 

distance of 0.46 miles on a grade of ± 4 percent. It traveled at an average speed of 9.30 miles per 

hour (mph) carrying 5.63 BDT per trip. Sensitivity analysis shows production cost starting at 

$2.65/BDT at a quarter mile one-way distance with an increase of $0.40/BDT for every quarter 

mile (Fig. 2) 

 
Figure 2. Sensitivity analysis on dump truck production cost at varying distances. 

Centralized grinding 

The rate of production was assumed to be the same for the loader and grinder. The grinder 

processed an average of 17.15 BDT in 26.05 min. Samples taken from chip trailers and analyzed 

in the lab determined a moisture content range of 14 to 38 percent.   

Transportation of ground materials to a power plant 

The AWD tractor and chip trailer had an average cycle time of 47.99 min. on an average one-

way distance of 2.13 miles. Sensitivity analysis shows that production cost increases $0.44/BDT 

for every additional quarter mile one-way distance (Fig. 3). One significant advantage to using 

modified AWD tractors is their capability of hauling loaded trailers over adverse forest road 

conditions. This reduced the need to put a centralized grinding site on a main haul road that 

could be accessed by normal highway tractors. This dramatically increased the overall effective 

range of the operation. 
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Figure 3. Sensitivity analysis on production cost of an all-wheel-drive tractor and trailer at 

varying distances.  

The standard highway tractor and chip trailer traveled an average of 13 miles one-way with a 

cycle time of 73.08 minutes. The truck’s route to the power plant was over two-lane rock and 

paved roads only. The average speed on two-lane rock road was 27 mile per hours (mph) for a 

one-way distance of 9.5 mi. The average speed on two-lane paved roads was 31mph at a distance 

of 3.4 mi. A single observation of transport on a highway averaged a speed of 55 mph for a one-

way distance of 39 mi. Two-lane rock and paved-road speeds were averaged together and 

compared to highway travel speeds (Fig. 4). Increased travel time when using two-lane rock and 

paved roads resulted in a production cost 2.3 times greater than highway travel. 

 
Figure 4. Sensitivity analysis on production cost of highway tractor and trailer at various 

distances on two different road types.  

System balance directly affecting productivity and cost 

This biomass recovery operation involved a combination of machines to collect, process, and 

transport material. The balance of production within the system is important as it has a direct 

effect on the overall production cost. Unused capacity resulting from an imbalanced system will 

reduce units of output, increasing fixed costs of under-utilized functions which in turn drive up 

per unit production costs (Rummer 2008).  
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The highest per unit production cost observed was the grinding operation ($17.58/BDT for both 

loader and grinder). To minimize total production cost, an operation would maximize processing 

productivity by reducing any delay created between the loader and grinder. Four percent of the 

total time observed was characterized as operational delay (Table 3). Of the four percent, 71 

percent represented waiting on the dump truck to deliver more material. Delay in delivering 

biomass to the grinder could have come from either the loader or the dump truck. Observations 

of the loader revealed a very efficient operation with less than one percent delay overall. The 

dump truck on the other hand experienced 17 percent delay. This occurred when waiting for 

another dump truck to finish being loaded (51%) or while waiting for the loader to compile 

biomass (43%). These findings suggest that compiling scattered material is leading to 

inefficiencies down stream and therefore piling material during harvesting activities could reduce 

costs in biomass recovery operations.  

Table 3. Delays observed for machines used in the collection and comminution segments of a 

biomass recovery operation. 

Machine(s) Total time 

observed 

(centimin)
a 

Total delay 

observed 

(centimin) 

Delay by type 

(centimin) 

Reason 

Loader 22,799 106 (< 1%)
b
 106 (100%)

c
 operational 

Dump truck 95,152 16,373 (17%) 

7102 (43%) waiting on loader 

8329 (51%) waiting on dump truck 

145 (1%) waiting on grinder loader 

682 (4%) operational 

115 (1%) personal 

Loader and 

grinder 
138,900 5,050 (4%) 

3600 (71%) waiting on dump truck 

500 (10%) remove choker 

550 (11%) operational 

400 (8%) personal 
a 
Centimin: minutes/100. 

b 
Percent delay of total time observed. 

c 
Percent delay of total delay. 

 

Balancing the collection segment to match grinding production can also be challenging when 

considering the spatial diversity of material influencing travel time and productivity. To assist in 

balancing upstream functions, a sensitivity analysis was conducted to calculate the productivity 

of different truck combinations at various distances (Fig. 5). A single dump truck could travel 

0.38 mi. one-way and meet the 38 BDT/PMH grinder demand. At 1.25 mi. its productivity drops 

to 19 BDT/PMH or 50 percent of the demand, requiring an additional truck to keep the system in 

balance and the overall operational cost at a minimum. 
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Figure 5. Sensitivity analysis of productivity of one to four dump trucks at different travel 

distances meeting a 38 BDT/PMH grinder demand.  

Analysis on the effects of dump truck productivity on loader and grinder cost revealed that a 20 

percent drop in dump truck production would result in a 25 percent increase in comminution cost 

or $3.86/BDT (Fig. 6). 

Figure 6. Loader and grinder cost as a function of one or two dump truck production.  

On the down-stream side of the operation a decoupled transportation system was successfully 

used to minimize potential delays between the comminution and transportations segments. The 

“hot” load operation required a minimum of two chip trucks to ensure an empty one was 

available for loading. During the operation only two percent of the total time observed was in 
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delay. Managing downstream productivity required matching the right amount of chip trucks to 

the distance traveled to the transfer location. 

Conclusion 

This study evaluated the productivity and cost of collecting, comminuting, and transporting 

biomass to better understand a biomass recovery operation’s logistics. Each component in the 

system was analyzed to identify key variables that influence overall system balance. Productivity 

for different machines varied from 14 to 47 BDT/PMH with a cost range of $4.27 to 

$11.78/BDT. The total stump-to-truck system cost was $26.59/BDT with an additional 

$10.97/BDT for transportation to the power plant. 

The collection segment of the operation used loaders and modified dump trucks to pre-haul 

biomass at a cost of $9.01/BDT. The type of material and location influenced loading cycle 

times. Whole tree material and material scattered within the unit both increased cycle times. In 

addition, the harvesting system was found to be a major factor affecting the amount and location 

of residuals. Our findings suggest that how and where a harvesting contractor leaves residuals 

can have an impact on a biomass recovery operation.  

Pre-hauling with dump trucks (26.16 BDT/PMH) over an average one-way distance of a half 

mile was more productive than other methods found in the literature. Analysis varying the 

number of truck and one way travel distance determined that a second truck would be needed at 

1.25 mi. to meet the grinder’s production rate. This type of analysis can be important when 

designing a work plan to achieve system balance.  

The comminution segment was the hub of the operation. It provided the demand from which 

upstream and downstream production had to meet. The loader and grinder produced 38.04 

BDT/PMH at a combined cost of $17.58/BDT. The variability of dump truck productivity (due 

to distance and number of trucks used) on comminution costs revealed that a 20 percent drop in 

dump truck production would result in a 25 percent increase in comminution cost or $3.86/BDT. 

This is mainly due to high operating costs for the grinder and suggests that a careful planning of 

pre-haul distances can reduce potential delay and control cost. 

The transportation segment was successful in limiting operational delays while “hot” loading 

with a decoupled system. This system required two to three AWD tractors, a trailer transfer site, 

and additional highway tractors to haul the remaining distance to the power plant. The AWD 

tractors were capable of hauling loaded trailers over adverse forest road conditions at a rate of 

26.47 BDT/PMH for $4.59/BDT. The final transportation to the power plant was the least 

productive at 14.08 BDT/PMH with a cost of $6.38/BDT. Downstream production efficiency 

was clearly due to a de-coupling of the transportation from comminution segment. The use of 

AWD tractors reduced the need to put a centralized grinding area on a main haul route 

significantly increasing its range of operation. A similar system configuration is recommended if 

the equipment is available. 
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Abstract 

 

Quantifying the operational cost and actual amounts of biomass recovered from different 

harvesting methods used in mechanical fuel reduction thinning is not fully understood. To 

broaden our knowledge on this topic, we established a replicated study in three mixed conifer 

stand units that were thinned using whole tree(WT) integrated harvesting and tree-length (TL) 

thinning without biomass removal. We conducted pre- and post-treatment timber cruises along 

with downed-woody debris surveys to determine the amount of standing and forest floor biomass 

before and after the treatment. Detailed time studies were conducted to compare productivity and 

cost of each harvesting system. Actual amounts of forest products (i.e. sawlogs and wood chip 

fuel biomass) delivered ranged from 43 to 71 percent of the estimated total removed. The actual 

amount of wood chip fuel delivered to the market from the three WT plots ranged from 16 to 37 

percent of the potential biomass estimated. Low recovery was due to machine selection for 

comminuting biomass. Material left at the landing ranged from 29 to 61 percent of the total 

forwarded to the landing. The stump-to-truck cost to harvest sawlogs and small diameter biomass 

trees in the WT plots ranged from $80.17 to $137.58 per thousand board feet, and $38.00 to 

$73.00 per bone dry ton, respectively. The cost to harvest sawlogs in the TL plots ranged from 

$156.38 to $168.38 per thousand board feet. Our results show that the current method of 

estimating biomass may overestimate the actual recovered amounts leading to an overestimation 

of harvesting productivity and an underestimation of cost. 

Keywords:  biomass energy, integrated harvesting, forest biomass recovery 

 

Introduction 

 

One of the many challenges of utilizing woody biomass from fuel reduction or pre-

commercial thinning is the high cost associated with harvesting, processing, and transporting the 

product to market (Han et al. 2002). There have been many studies examining which factors 

influence its feasibility. Harvesting systems, road access, haul distance, and market price of 

product, were all reported to have an effect on economics (Watson et al. 1986, Han et al. 2004). 
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One area that needs more attention is the actual amount of biomass that can be removed from 

forest thinning operations. A more accurate estimate could improve how managers evaluate the 

economic feasibility of a project. 

Research on biomass recovery has resulted in a wide range of actual recovery rates. Early 

research of WT harvesting in the Southern United States reported up to 92 percent estimated 

recovery amounts (Stokes 1992). More recently, Perlack et al. (2005) assumed that 65 percent of 

logging residues could be recovered with current harvesting technologies. Smeets et al. (2007) 

reported values for two separate recovery ratios: residue generation ratio as the fraction of 

residues recovered to the amount harvested (65 to 82 percent), and residue recoverability ratio as 

the fraction of residues that can be realistically recovered (25 to 50 percent). In a study 

examining slash piles in north east Washington, an average of 20 percent of the total biomass 

harvested was recovered (Oneal 2009). Relevic et al. (2007) estimated between 5.5 and 50 

percent recovery from WT clearcut harvesting. They suggested that variation in recovery could 

be from the harvest system utilized, species, stand conditions, and operators’ skill level and 

experience. This wide range of results in similar studies shows how important it is to have an 

accurate and well defined method of estimating the actual amounts of biomass harvested. 

Selecting the appropriate harvesting system is important in reducing overall cost of 

harvesting biomass. Similar studies conducted have shown that biomass harvesting integrated 

with merchantable sawlogs removal can be cost effective. In a study which compared 

conventional harvesting with WT integrated harvesting in two fuel reduction thinning operations, 

it was found that by utilizing biomass from the integrated harvest, they could offset additional 

operational costs and reduce treatment costs by $872.00 per ac (Bolding et al. 2009). 

Furthermore, to realize a positive balance, the merchantable to non-merchantable tree harvest 

ratio would need to be higher. WT harvesting was also found to be more productive than cut-to-

length (CTL) when harvesting sawlogs and biomass (Adebayo et al. 2007). In this study, 

machine productivity and stand variables increased CTL costs over WT. Vitorelo et al. (2011) 

estimated WT integrated harvesting production costs of $0.42/ft
3
 for sawlogs and $52.41 per 

bone dry ton (BDT) for biomass. The integration of biomass with sawlog harvesting can be cost 

effective when key factors influencing productivity are controlled. 

This study examined the actual amount of biomass removed from a fuel reduction 

thinning operation utilizing WT integrated harvesting operations and TL thinning operations 

where logging residues were not recovered. The actual amounts of forest products delivered (i.e. 

sawlogs and wood chip fuel) were compared to the estimated total amount harvested. In addition, 

the amount of wood chip fuel delivered was compared to the estimated potential available. This 

information would provide a better estimate of the actual amounts of biomass handled and sold 

to markets, and the factors influencing removal. The study also determined the cost of biomass 

removal in a mixed conifer forest following two mechanical fuel reduction treatment methods: 

WT and TL thinning. This information is important as it can guide future fuel reduction 

management plans that require sawlog and biomass removal while remaining economically 

feasible. 
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Methods 

Study site and harvesting system 

  e e peri ent  as  ond  ted on a   el red  tion t innin  operation in t e  al on-

  ott  an er  istri t o  t e  la at   ational  orest,  iski o   o nt ,  ali ornia   at      

  ’   ,  on          ’   ,  levation 5,600 feet). The stand, initiated from a wildfire about 100-

115 years ago, consists of natural mixed-conifers dominated by white fir (Abies concolor), with a 

mix of Shasta red fir (Abies magnifica), Douglas-fir (Pseudotsuga menziesii), incense cedar 

(Calocedrus decurrens), and western white pine (Pinus monticola). Three units (33, 34, and 37) 

totaling 69 acs were proposed to be treated by the Ranger District. We installed two 10-ac 

research plots in both units 33 and 34 and two 4-ac plots in unit 37 for the study. For each unit, 

two plots were randomly assigned a treatment; WT harvest (WT) or TL harvest (TL).  A buffer 

was established between the two plots. (Fig. 1, and Table 1).  

 

Figure 1. Geographic location of three fuel reduction thinning units used in the study. 

The prescription called for a variable density thinning to promote stand health and 

growth.  A Timbco self-leveling feller-b n  er  it  a Q ad o  i   speed “ ot  sa   as  sed to 

fell and bunch sawlogs (trees > 10 in. diameter at breast height (dbh)) and small diameter  trees 

(3 to 9.9 in. DBH) in the WT plots.  Rubber-tired (Caterpillar 525C) or track (John Deere) 

grapple skidders were used to skid both sawlogs and small diameter trees to a landing where a 
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Komatsu stroke delimber processed the trees into logs. The delimber sorted out small diameter 

trees and piled them with the limbs and tops generated from sawlog processing. A loader sorted 

and piled the processed logs at the landing and loaded trucks. Due to dangerous conditions from 

high tree mortality in unit 33TL, a WT harvesting system using the feller-buncher was necessary. 

The plots were identified as 33WT(1) and 33WT(2).  

 

Table 1.  A summary of plot characteristics of three fuel reduction thinning units. 

Unit Treatment Acs 

Avg. slope 

(%) 

Avg. DBH 

sawlog (in.)
1
 

Avg. DBH small 

diameter trees 

(in.)
1
 

Avg. skid 

distance (ft)
3 

33 
WT(1)

2
 10 

16 
15.9 6.4 3080 

WT(2)
2
 10 17.6 5.5 1870 

34 
WT 10 

25 
18.0 6.1 1400 

TL 10 16.8 5.5 1700 

37 
WT 4 

37 
26.2 6.1 1960 

TL 4 27.7 5.3 1700 

1 
Diameter at breast height. 

2
 TL treatment was converted into a WT treatment in unit 33 because hand-falling in this plot 

was dangerous due to high tree mortality.  

3 
Round-trip distances. The skidder used different routes to make a round trip. 

A professional sawyer was used to fell sawlog and small diameter trees in the TL plots. 

Sawlogs were limbed and topped and occasionally bucked into log lengths. The processed logs 

where skidded to the landing for additional processing with the stroke delimber, sorted, and piled 

for loading. Biomass collected from processing TL logs were piled and kept separated from other 

WT biomass piles. The same machinery was used in all three units.  

The biomass comminution was de-coupled from the harvest operation. The logging 

residues recovered from plots 33WT and 34WT were piled and left over winter due to 

operational restrictions from weather. Small diameter WTs and tops from sawlog processing 

were chipped the following summer with a loader, medium size disc chipper, and chip van. The 

biomass from plot 37WT was chipped immediately following harvesting to finalize the 

operation. All chips were transported approximately 50 miles, one way, to a local biomass power 

plant. 
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Data collection and analysis 

Actual amounts of biomass removal 

A pre-harvest cruise using a systematic sampling method was conducted to estimate 

standing biomass.  Ten, 1/10
th

 ac fixed area plots were installed in the 10 ac research plots and 

four in the four ac plots to sample all trees greater than one inch (dbh). Tree species, DBH, and 

height were recorded. DBH and height of dead trees and snags were also noted. Above ground 

biomass in BDT for each individual sample tree was calculated with species specific allometric 

equations (Jenkins et al. 2003, 2004, 2013). The total standing biomass for each sample plot 

were averaged and used to estimate the total amount of biomass per ac (BDT/ac). Standing small 

diameter trees (1 to 9.9 inch DBH) and sawlog tree biomass (>10 inch DBH) were inventoried 

separately. Plot averages were used to determine the number of trees and basal area per ac for 

each species. Pre- and post-estimates of the standing biomass were compared and percent change 

was calculated. 

The amount of biomass (BDT/ac) in the form of downed woody debris (DWD) in each 

plot  as esti ated  sin  a planar inter ept  Bro n’s transe t)  et od (Brown 1974). A 75 foot 

transect length was used.  

Both standing biomass and DWD were sampled after the treatment using the same 

sampling techniques. A comparison was made between pre- and post-treatment to determine the 

change in standing and DWD biomass amounts.  

Biomass removal was considered from two different perspectives: the actual amount of 

forest products (sawlogs and wood chip fuel) removed (Fig. 2), and the actual amounts of wood 

chip fuel removed (Fig. 3).  

 

Figure 2. Actual amount of forest products removed from fuel reduction thinning treatments. 

 

 

                                         ( )  
                   

                         
 

 

1 amount of sawlog and wood chip fuel actually delivered, scaled at power plant. 

2 total amount of biomass (whole trees > 1 inch DBH) harvested from unit, estimated from 

allometric equations, minus the net accumulation of DWD. 
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Figure 3. Actual amount of wood chip fuel removed from fuel reduction thinning treatments. 

 

Machine productivity and cost  

Machine cost ($/productive machine hour or PMH) for each machine was calculated 

using a standard machine rate calculation method and values reported in Brinker et al. 2002. 

Harvesting productivity (thousand board feet (MBF)/PMH for sawlogs and BDT/PMH for 

biomass) for each harvesting activity was determined based on the outcomes of detailed time 

study method (Olsen et al.1998). In the time study, cycle components for each function (felling, 

skidding, processing, and loading) of the thinning operation were timed using centi-minute stop 

watches. Independent variables for each cycle were recorded to understand their effect on 

operation productivity. Delay times were recorded and identified as operational, mechanical, or 

personal.  

Data analysis 

Predictive equations were developed from adjusted R-squared regression analysis with 

SAS statistical analysis software (SAS 1999). They were used to identify key factors influencing 

productivity for each machine. Sensitivity analysis on variables that influenced productivity was 

done to determine changes in cost.  

 

Results 

Actual amounts of biomass removed from WT harvesting units 

The actual amounts of forest products (sawlogs and wood chip fuel) delivered ranged 

from 43 to 71 percent of the total removed. The actual amount of wood chip fuel removed ranged 

from 16 to 37 percent of the estimated potential amount (Table 2).  

  

  

 

                                        ( )   
                          

                              
 

 

1 delivered wood chips scaled at the power plant. 

2 includes small diameter trees (< 10 inch BDH) and limbs and tops from sawlog processing minus 

the net accumulation of DWD. 
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Table 2. A summary of biomass inventory analysis and actual amounts of forest products 

removed from fuel reduction thinning operations in three WT harvesting plots. 

WT plot 33 34 37 

 

-------- (BDT/ac) -------- 

Total above ground biomass pre-

treatment 
142.37 195.15 178.88 

Total above ground biomass post-

treatment 
54.23 113.29 112.42 

Total forest products harvested 88.14 81.86 66.46 

Biomass generated from sawlogs 

processing 
45.55 (75%)

1 
40.51 (83%)

1 
21.65 (71%)

1 

Biomass harvested from small 

diameter trees 
18.51 (25%)

1 
8.39 (17%)

1 
8.80 (29%)

1 

Total potential wood chip fuel  61.06 48.90 30.45 

Net accumulation of biomass on 

ground  
2.63 (4%)

2 
4.99 (5%)

2 
- 1.43

3
 (- 2%)

2 

Total forest products forwarded to the 

landing
4 85.51 76.87 67.89 

Total wood chip fuel forwarded to the 

landing 
58.43 43.91 31.88 

Total sawlog delivered 27.08 32.96 36.01 

Total wood chip fuel delivered 15.51 6.83 11.93 

Total biomass left at the landing
5 

42.92 (50%)
6 

61.39 (61%)
6 

19.95 (29%)
6 

Percentage of actual forest products 

removed 
50% 43% 71% 

Percentage of actual wood chip fuel 

removed 
27% 16% 37% 

1
 Percentage of total estimated potential wood chip fuel. 

2 
Percent of total forest products harvested, from downed woody debris surveys. 
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3 
Net loss of biomass on the ground after treatment. 

4 
Total forwarded = total forest products harvested – net accumulation of biomass. 

5 
Total biomass left at the landing = total forward to the landing – total sawlog and wood chip 

fuel    delivered. 

6 
Percentage of total forwarded left at landing. 

 

Productivity and cost of fuel reduction thinning treatment 

The productivity and cost for each machine to produce sawlogs and biomass are 

summarized for (Table 3, 4, 5, and 6). 

Table 3. Productivity and cost of harvesting biomass in WT units. 

 

33WT(1) 34WT 37WT 

Machine or 

function 

BDT/ 

PMH 
$/BDT 

BDT/ 

PMH 
$/BDT 

BDT/ 

PMH 
$/ BDT 

Feller-buncher 21.05 10.43 13.00 17.55 14.21 15.45 

Rubber-tire 

skidder 
6.39 25.88 7.93 20.83 2.34 0.20

1 

Track skidder NA NA 10.52 13.24 NA NA 

Combined 

skidder
2 NA NA 7.93 30.45 NA NA 

Loader for 

chipper 
14.04 9.22 10.15 12.76 11.36 10.13 

Chipper 14.04 8.85 10.15 12.24 11.36 10.94 

Total biomass 
 

54.39 
 

73.00
3 

 
38.00 

1 
Biomass and sawlogs were skidded simultaneously. Therefore, a joint product allocation 

method of calculation was used for skidder. 

2 
Cost to skid material using two machines simultaneously. Productivity and machine rate for 

each machine used to calculate total. 

3
 Total cost with combined skidder cost 
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Table 4. Productivity and cost of harvesting sawlog in WT units. 

 33WT(1) 34WT 37WT 

Machine or function MBF/ PMH $/MBF MBF/ PMH $/MBF MBF/ PMH $/MBF 

Feller-buncher 9.34 23.50 10.77 20.38 17.64 12.45 

Rubber-tire skidder 2.28 72.38 6.34 26.07 4.97 33.97
1 

Track skidder NA NA 5.32 26.18 NA NA 

Combined skidder
2 

NA NA 5.32 54.69 NA NA 

Processor 6.01 22.51 8.27 16.36 9.59 14.11 

Loader for sorting 10.54 12.29 12.83 10.10 10.91 11.87 

Loader for loading 18.76 6.90 13.91 9.31 16.67 7.77 

Total sawlog  137.58  110.84
3 

 80.17
1 

1 
Biomass and sawlogs were skidded simultaneously. Therefore, a joint product allocation 

method of calculation was used for skidder. 

2 
Cost to skid material using two machines simultaneously. Productivity and machine rate for 

each machine used to calculate total cost (Fig. 4). 

3
Total with combined skidder cost. 
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Table 5. Productivity and cost of thinning small diameter and sawlog trees in plot 33WT(2). 

Machine or function BDT/ PMH $/ BDT MBF/PMH $/ MBF 

Feller- 

buncher 

biomass 10.80 20.34 NA NA 

sawlog NA NA 10.55 20.81 

Hand-processing 21.61 4.17 NA NA 

Rubber-tire skidder NA NA 2.85 57.93 

Processor NA NA 6.86 19.73 

Loader for sorting NA NA 12.82 10.11 

Loader for loading NA NA 13.76 9.41 

Total biomass / sawlog 24.51 
 

117.99 

 

Table 6. Productivity and cost of harvesting sawlogs in TL units. 

 34TL 37TL 

Machine or function MBF/PMH $/ MBF MBF/PMH $/ MBF 

Hand-felling sawlogs 2.24 40.21 1.13 79.52 

Hand-felling biomass 4.89 18.42 2.34 38.39 

Rubber-tire skidder 1.88 88.09 3.82 43.28 

Processor 5.94 22.77 9.34 14.48 

Loader for sorting 14.09 9.19 14.94 8.67 

Loader for loading 15.94 8.13 12.41 10.44 

Total sawlog 
 

168.38 
 

156.39 
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Discussion 

Actual amounts of biomass removed from WT harvesting units 

The actual amounts of forest products removed ranged from 43 to 71 percent of the total 

removed. The results show that a portion of the harvested material is left on-site (4 to 5 percent) 

to re-enter the nutrient cycle, while the remainder is left at the landing (29 to 61 percent). When 

we compared the actual amount of wood chip fuel delivered to the estimated potential available, 

only 16 to 37 percent was recovered. This estimate falls within the range (5.5 to 50 percent) 

reported by Ralevic et al. (2010). 

The low recovery of biomass in this particular study could be due to machine selection. 

The disc-chipper used to comminute biomass was only capable of chipping tops from processing 

whole sawlog trees and small diameter WTs. Therefore, biomass that was difficult to feed into 

the chipper (i.e. limbs and small chunks) was left at the landing, accounting for 29 to 61 percent 

of the total amount forwarded to the landing.  

Because the chipper was sensitive to feedstock, the potential biomass from sawlogs and 

small diameter WTs was evaluated separately. We found that potential biomass generated from 

sawlog processing, ranged from 71 to 83 percent of the total. This is similar to Smeet et al. 

(2007) who reports a range of residue generation ratios from 65 to 82 percent. However, only a 

portion of this amount would make it into the chipper. In fact, we observed that the plot with the 

greatest reduction in small diameter trees resulted in higher biomass recovery. This implies that 

feedstock procurement is sensitive to the type of biomass harvested (i.e. WT, tops, or limbs) 

when using a chipper to process. 

The wide range of forest products recovery (43 to 71 percent) between the three WT plots 

may be from stand variation and thinning intensity. Stand characteristics such as average DBH 

for sawlogs and biomass trees, the number of trees per ac, basal area per ac, and slope all varied 

between plots. Plot 37, with the least recovery, had a greater average sawlog DBH compared to 

Plot 33 (Table 1). The average DBH for biomass trees was not significantly different. The ratio 

of biomass trees to sawlog trees is the same for both plots, but the number of trees per acre for 

plot 33 was over 1.5 times greater than plot 37. When we considered slope, plot 34 had the least 

average slope and a greater recovery unlike plot 37, which had the highest average slope and the 

least recovery. This may infer that stands with lower average DBH and more stems per ac on 

gentle slopes yield more forest products than those with larger average DBH with fewer stems 

per ac on steeper slopes. 

Differences in the amount of DWD left after harvesting may also be a result of stand 

variation and the effectiveness of the operation. High mortality in plot 33WT(2) leading to more 

breakage during harvesting may be a reason for the 109 percent increase in DWD. Because limbs 

and tops where left in the plot after harvesting, it was expected that there would be more debris 

in the TL plots. The data shows there was only a small increase in DWD in plot 34TL and a 

decrease in plot 37TL. The unexpected decrease in DWD may be attributed to plot size and stand 

characteristics. Plots in unit 37 were narrow four ac strips, increasing the likelyhood that a 

sample plot would fall on a skid trail. Plots in unit 37 also had fewer trees per ac, higher basal 

area per ac, and a greater average DBH compared to units 33 and 34. This indicates that the stand 
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was more mature with fewer small diameter trees in the understory to leave behind. For future 

research, a more robust sampling method for DWD may provide a better estimation. 

Productivity and cost of harvesting biomass and sawlogs in fuel reduction thinning 

The feller-b n  er’s avera e dela   ree    le ti e to   t s all dia eter bio ass trees 

was longer compared to cutting sawlogs but the distance traveled to a bundle was greater for 

biomass compared to sawlog. This, combined with the need to pile more pieces to make a full 

biomass bundle, increased delay free cycle time. This suggests that bundling like material 

(biomass or sawlog) when using an integrated harvest system is not cost effective. 

Skidding operations in this study were influenced by distance and harvesting method. 

The average round trip skidding distance in the three WT plots and two TL plots was 2186 feet 

and 1700 feet, respectively. However, the average cycle times for skidding WT material was less 

than TL. This difference may be from the advantage of using a feller-buncher, which made 

bundles ready for skidding. Hand-felling in the TL plots left unorganized arrangements of log 

pieces, increasing the time needed to position and grapple. 

During the operation the skidder grappled both sawlog and biomass trees at the same time 

in plot 37WT. Therefore, we applied a joint product allocation method to determine the cost. In 

this method, input costs are not separable and apportioned between the two products (Hudson 

1990, Puttock 1995). A ratio of biomass to sawlog harvested was used to determine apportioned 

cost. Sawlogs comprised 95% of the harvest. In many cases a track skidder would operate a 

certain distance and then a rubber-tire skidder would pick up the bundles and skid them the rest 

of the way to the landing. This meant that operations were being conducted simultaneously. To 

calculate a more accurate cost we applied a separate calculation (Fig. 4). The total productivity in 

this equation is dependent on the lowest productivity of the system. Therefore, productivity of 

the combined skidders was the least of the two. 

 

      ((
 
   ⁄

          
   ⁄

    
 
   ⁄

              ⁄
)            )  (

 
   ⁄

          
   ⁄

           ) 

 

Figure 4. Total cost calculation when combining two different skidders in the forwarding of 

biomass or sawlogs to the landing. Percent utilization included because skidder combo was not 

used 100 percent of the time.  

Processing was more productive and cost effective in the WT plots. This difference may 

be a result of landing logistics. Due to limited landing availability, both units 33 and 37 utilized 

the same landing for WT and TL operations, where unit 34 had a separate landing for each 

treatment. For units 34 and 37 the WT harvest was initiated first and then TL, giving WT 

operations the advantage of having more space. This was not the case with unit 33. Therefore, 

higher productivity in WT processing may be a result of more space to operate in the landing. 

Rubber tire Rubber tire Track 
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Overall our stump-to-truck cost for small diameter biomass tree harvesting was between 

($38.00 and 73.00/BDT) which is higher than the reported range from $30.00 to $52.41/BDT 

(Hartsough et al. 1997, Han et al. 2004, Harrill and Han 2010, Vitorelo et al. 2011). Higher costs 

could be a result of long skidding distances.  

 

Conclusion 

This study quantifies the actual amounts of biomass collected from fuel reduction 

thinning operations utilizing a WT integrated harvest system. Actual amounts of forest products 

delivered to the market from the three WT plots ranged from 36 to 69 percent of the total 

removed. Results showed that between 4 and 5% of harvested material was left on-site and that 

29 to 61 percent of forwarded material was left at the landing. The actual amount of wood chip 

fuel delivered was 10 to 43 percent of the estimated potential amount. WT sawlog processing 

generated 62 to 93 percent of the total wood chip fuel potential, implying that feedstock 

procurement is sensitive to the amount of sawlog volume harvested. Variation in recovery was 

attributed to stand conditions and operational effectiveness. The stump-to-truck cost to harvest 

sawlogs and small diameter biomass trees in the WT plots ranged from $80.17 to $137.58 per 

thousand board feet and $38.00 to $73.00 bone dry ton, respectively. The cost to harvest sawlogs 

in two TL plots was $156.39 and 168.38 per thousand board feet. Differences in productivity and 

cost were attributed to stand variation and skidding distances. Based on our results, the current 

method of using allometric equations to estimate the amount of biomass produced may lead to an 

overestimation of productivity and an underestimation of cost. Our findings can refine how 

managers evaluate the actual amounts available, actual productivity, and a more realistic cost. 
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Abstract 
A time and motion study was performed on a skid steer equipped with a 14-inch tree shear 

attachment.  The machine was used to install initial coppice harvesting treatments on three stands 

across the south.  The study included one willow and two cottonwood sites.  The stands averaged 

from 2 to 4 years old.  Approximately 200 trees were shear harvested from each of the stands.  

This paper examines the operational characteristics for the felling operation. 

 
Keywords:  harvesting, felling, coppice management, SRWC 

 

Introduction 
Woody biomass is a renewable form of energy with multiple industrial uses.  These could be 

applied as feedstock for pulp, paper industry, but also planted to feed the energy and biofuels 

industries.  Wood biomass energy has some advantages over fossil energy, the most important is 

that woody biomass is a renewable resource. 

 

Coppice management is a common method used for short rotation woody crop silviculture.  

Under a coppice management system, stems re-sprout from the stumps, and are harvested on a 

planned schedule, such as every 2 or 3 years.  After several such rotations, a final harvest is 

planned followed by site preparation and replanting.  Management costs are reduced as 

compared to single-stem management because site preparation and planting doesn’t occur 

between rotations, only after the final harvest.  Environmental impacts associated with site 

preparation, such as tilling and removing stumps, are less frequent with coppice management 

systems than they are with single-stem management.   

 

Initial felling is required to move a stand from single stem management to coppice management.  

Once young stems are cut, multiple stems emerge from each stump.  Given the short time 

between rotations, multiple stems per stump should result in a higher volume per acre as 

compared to single stem management.   

 

With the growing demand for woody biomass, a high production with low cost method will be 

essential for producing a cost effective product.  Traditionally, initial coppice felling is 

accomplished with manual labor and saws or machetes.  Alternatives to manual felling are 

desired.  This is primarily driven by safety regulations regarding manual labor and a declining 
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workforce.  Traditional logging equipment is generally unsuitable for this work task because of 

the size and weight of the equipment, the low production rates associated with harvesting tiny 

stems, and the high cost of traditional equipment.   

 

For this study, a small machine with a tree shear attachment is tested for installing initial coppice 

harvests on short rotation woody crops.  This combination of a smaller, less expensive machine 

with an attachment has the versatility to be used with other attachments for other uses when not 

harvesting short rotation woody crops.  This paper provides a time-and-motion study using a 

small machine to perform initial coppice felling of short rotation woody crops.    

 

Methods 
 

Study Sites 
The study was installed in March, 2014.  The study sites are located in two different places, one 

is in Stoneville, Mississippi in the Mississippi River Delta and the other site is near Scott, 

Arkansas close to the Arkansas River.  The Arkansas site was very wet, which is typical of 

harvesting short rotation woody crops during the dormant winter seasons found in the southern 

United States.  Two stands were located on the Mississippi site; Stand 1 was planted with 

Cottonwood (Populus spp.), and had been in the ground for four growing seasons (4 years old).  

Stand 2 was planted with Willow (Salix spp.) and was also 4 years old.  Both Stands 1 and 2 

were planted in single rows on a 5 feet x5 feet spacing.  The Arkansas site contained just one 

stand (Stand 3) of Cottonwood that was 4 years old.  This stand was planted in dual rows with 

2.5 feet between the dual trees.  Spacing between the rows was 6 feet and spacing within a row 

was 2 feet between each set of dual trees.  The cruise summary is included in Table 1.   

 

Table 1. Stand Descriptions 

Site Stand No. of 

Plots 

(n) 

Species Avg. 

DBH* 

(inches) 

DBH 

Range 

(inches) 

Avg. 

Height 

(feet) 

Height 

Range 

(feet) 

Mississippi 1 11 Cottonwood 3.0 0.6-6.2 23 9-33 

Mississippi 2 7 Willow 1.5 0.4-3.0 19 7-33 

Arkansas 3 3 Cottonwood 1.4 0.5-2.6 29 15-40 

*Diameter at breast height (DBH) 

 

All stands were located on flat terrain, but the numbers of treatment trees available per site were 

not equal.  Stand 1 contained a high level of mortality and a few trees had previously been 

removed for research purposes, leaving just 47% of the 180 stems available for this study.  Of 

the 140 stems that should have been available in Stand 2, only 74% were actually on the site for 

the shear treatment.  Stand 3 had the lowest amount of mortality and testing, resulting in 

approximately 91% of the 206 stems available for treatment.   

 

Operation 

This study utilized a Fecon 14 inch Shear Head attached to a Caterpillar Skid Steer 279D and a 

289C.  Different prime movers were used on the two sites because the same equipment model 

was not available in both locations.  The same shear head attachment was used on all sites.  

These machines have rubber tracks, and a ground pressure (with shear attached) of 4.86 lbs/in
2
.  
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The shear head was selected for this study because it has an accumulation pocket and should also 

have lower maintenance costs as compared to a saw head.  In addition, the shear should cause 

less impact on the root system because it slices through the trees rather than using a pushing or 

sawing mechanism.   

 

The operational felling characteristics were different when felling single versus dual rows.  The 

single rows were harvested by cutting each tree, accumulating stems, and placing accumulations 

into bunches.  The dual row was harvested by essentially zigzagging between the dual rows.  The 

first tree on the left would be cut, then the machine would back up and move to the first tree on 

the right.  Next, the machine moved to the second tree on the right, then back to the second tree 

on the left.  Using a small machine was crucial for harvesting the dual rows in this cutting pattern 

because the small machine was easily maneuvered.  Accumulating and bunching was the same 

between all stands.  The same operator was used on all study stands.   

 

Data Collection 

A digital video recorder was used to gather data for the time-and-motion study.  Video data were 

collected for the entire mechanical felling operation on all three stands.  The data were analyzed 

using TimerPro software (Applied Computer Services, Inc. 2014. TimerPro Professional, 

Version 10. Englewood, CO).   

 

Results and Discussion 
A cycle was identified as the time it takes to cut, accumulate one or more trees, and dump them, 

essentially dump to dump.  Cycle elements were identified and analyzed.  The elements 

identified were: 
 

Table 2.  Cycle Element Descriptions 

Cycle Element Description 

Move to first tree This element began when the machine tracks begin to move to a 

plot, or when the tracks move after dumping.  This element ends 

when the tracks stop at the first tree.   

Fell/Accumulate This element begins when the tracks stop and the shear head 

positioning begins and ends when the tracks begin to move. 

Move between trees This element begins when the tracks begin to move and ends when 

the tracks stop at the next tree.  Several occurrences of this element 

may occur within a single cycle. 

Move to dump This element begins when the tracks start to move after cutting the 

last tree in an accumulation and ends when the tracks stop moving.   

Dump This element begins when the tracks stop and ends when the tracks 

begin to move away from the bunching site. 

Delay This element is used to account for delays that occur in association 

with the operation.  This element does not include administrative 

delays caused by study implementation.   
 

The elemental cycle analysis is displayed in Figures 1, 2 and 3.  The move between trees element 

on Stand 3 was much larger than that same element in the other two stands.  This can be 

explained by the dual row planting.  The zigzag pattern that was used in harvesting the dual rows 

requires more moving than the single row straight pattern used in Stands 1 and 2.   
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The move to dump element took more time in Stands 1 and 2 than in Stand 3.  In Stands 1 and 2, 

the skid steer travelled to a nearby dumping location rather than dumping next to the rows as was 

done in Stand 3.  This dumping location also explains why the move to first tree cycle element 

was longer on Stands 1 and 2 as compared to Stand 3.   

 

The total time spent performing the felling operations in the three stands was similar.  Felling 

took 56.48 minutes in Stand 1.  In Stand 2, felling took 64.28 minutes.  Stand 3 was felled in 

65.09 minutes.  Due to mortality, prior research removals, and a machine trial in Stand 3, the 

number of trees felled per stand varied.  Stand 1 contained 84 trees, Stand 2 contained 104 trees, 

and Stand 3 contained 188 trees.   

 

An Analysis of Variance (ANOVA) was used to determine if there was a significant difference 

between the stands in the time it took to cut a tree (Table 3) using total time / number of trees for 

the average time it took to cut a tree.  Using SAS (SAS. 2013. SAS Version 9.4. Cary, NC), a 

significant difference (α=0.05) was found and additional analyses were performed.  A Duncan’s 

Test found that the two Mississippi plots were similar in the total time it took to fell a tree.  The 

average time for felling a tree in Stand 1 was 0.67 minutes and Stand 2 was 0.62 minutes.  In 

contrast, the time to fell a tree in the Arkansas stand (Stand 3) was different.  The average time to 

fell a tree in Stand 3 was 0.35 minutes.   

 

Table 3.  Analysis of Variance between the Treated Stands 

Source DF Sum of 

Squares 

Mean Square F Value Pr>F 

Model 2 0.28213900 0.14106950 15.28 0.0001 

Error 18 1.16615785 0.00923099   

Corrected 

Total 

20 0.44829685    

 

The time to fell a tree in Stand 3 is nearly half (52 – 56%) that of the time it took to fell trees in 

Stands 1 and 2.  However, the operational characteristics help explain this difference.  As stated 

earlier, the move to dump and move to first tree cycle elements in Stands 1 and 2 accounted for 

much more of the total cycle time as compared to Stand 3.  In Stands 1 and 2, these cycle 

elements accounted for 27-32% of the cycle time.  In Stand 3, the move to dump and move to 

first tree cycle elements only accounted for 4.8% of the total cycle time.  Even when the move to 

dump and move to first tree elements in Stands 1 and 2 are adjusted to match those observed in 

Stand 3, the average time per tree is still faster in Stand 3 as compared to Stands 1 and 2.   

 

Single row Stand 2 and dual row Stand 3 contained similar sized trees, but still differed in the 

time to cut a tree.  The willows in Stand 2 had many branches that extended nearly to ground 

level.  These branches impacted the move between trees element because the equipment operator 

was much more cautious in moving to the bole of a tree in order to avoid branches that could 

poke into the open cab.  In addition, the numbers of trees per accumulation in these two stands 

also differed.  In Stand 3, the average number of trees per accumulation was 23 (range 14 – 37).  

In Stand 2, the average number of trees per accumulation was 7 trees (range 4 – 12).  The larger 

accumulations in Stand 3 contributed to faster felling cycle time per tree because fewer move to 
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dump and move to first tree elements were needed.  This, combined with the branch effect 

further explains the felling time variability between Stands 2 and 3.   

 

Conclusion 
We performed a time-and-motion study in three different stands.  Stand 3 was planted in dual 

rows and Stands 1 and 2 were planted in single rows.  The time to cut a tree was significantly 

faster in the dual row stand (0.35 minutes/tree), however this was confounded by both 

operational and stand characteristics.  Operationally, two cycle elements were impacted by the 

distant dumping location on Stands 1 and 2.  Even after adjusting for these operational 

differences, the time per tree was still lowest in the dual row stand (Stand 3).  Stand 

characteristics, such as willow branches, also negatively impacted the cycle time for trees in 

Stand 2.  The stand with the largest trees, Stand 1, required the most time to cut a tree.   
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Adapting to a Changing Landscape: 
How Successful Wisconsin Loggers Persist in an Era of Parcelization 

 

Joseph L. Conrad, IV1 
 
Abstract 
 
The average forest landowner in Wisconsin owns less than 30 acres and landowners with as few 
as 10 acres of forestland are currently eligible to enroll in a preferential tax program that requires 
periodic timber harvests. This creates a need for loggers capable of profitably harvesting small 
tracts of timber. This study conducted a series of in-person interviews with representatives of 
fifteen Wisconsin loggers that profitably harvest small tracts to identify the range of tract sizes 
harvested and strategies employed by these loggers. The loggers in this study used three 
equipment configurations: 1) cut-to-length, 2) chainsaw and skidder, and 3) specialized small 
scale equipment. Ninety-three percent of participants had harvested tracts that were ten acres or 
smaller within the past year. Seventy-three percent of participants were willing to harvest tracts 
as small as five acres assuming that only a short move (< 5 miles) was required. The average 
direct moving cost for mechanized loggers was $406 per move versus an estimated $778 when 
the costs of idle employees and equipment are included. Eighty percent of participants purchased 
the timber that they harvested and 73% performed services other than timber harvesting, such as 
establishing food plots, as a procurement tool. This study demonstrated that properly equipped 
Wisconsin loggers are profitably harvesting small tracts of timber; however, loggers and other 
timber buyers must recognize the additional costs associated with these harvests and adjust 
stumpage rates to compensate for these costs. 
 
Keywords:  Timber harvesting, moving costs 
 
Introduction 
 
The USDA Forest Service’s 2010 Resource Planning Act Assessment listed the combination of 
urbanization and low-density development as one of seven major challenges facing the forest 
resource (USDA Forest Service 2012). The size of forest parcels in the U.S. has been declining 
for many years as a result of a growing population, intergenerational transfers of forestland, and 
the divestment of forestland by the forest products industry. In Wisconsin, the average forest 
landowner owns just 26 acres (Perry et al. 2012), which is close to the national average of 25 
acres (Butler 2008). 
 
Harvesting costs are typically higher on small tracts of timber than large ones because fixed 
costs, such as moving costs, are spread across small harvest volumes (Cubbage 1983, 
Rickenbach et al. 2005). Cubbage (1983) suggested that costs increase rapidly on tracts smaller 
than 50 acres and costs may become prohibitive on tracts smaller than 20 acres. Rickenbach et al. 
(2005) advised that, in Wisconsin, a timber sale may need to be at least 20 acres to attract the 
attention of most harvesting firms.  
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Wisconsin’s Managed Forest Law (MFL) program was open to landowners with at least ten 
contiguous acres that are 80% forested at the time of this writing (Wisconsin Department of 
Natural Resources [WDNR] 2013). The MFL program reduces tax rates for enrolled landowners 
from a statewide average of $42.70 per acre to either $10.68 or $2.14 per acre depending on 
whether the land is open to the public. The MFL program requires landowners to have a 
management plan and conduct active management, including timber harvesting. The relatively 
small minimum acreage required for enrollment in this program may create difficulty if loggers 
cannot profitably harvest tracts ten acres and smaller because landowners are subject to non-
compliance fees and other penalties if harvests are not conducted.  
 
Clearly, there is a need for loggers that are willing and able to harvest small tracts of timber. 
Urbanization and parcelization will continue and landowners enrolled in the MFL program need 
to have their timber harvested to comply with the law. Therefore, the purpose of this study was 
to identify the characteristics of and strategies employed by Wisconsin loggers that profitably 
harvest small tracts of timber.  
 
Methods 
 
A successful small tract logger was defined as a logger that regularly harvests parcels of timber 
smaller than 40 acres and is capable of profitably harvesting parcels smaller than 20 acres. 
Successful small tract loggers were identified by contacting procurement foresters, mills, and 
other forest industry experts and requesting a list of loggers that profitably harvested small tracts 
of timber. These contacts yielded a total of 80 logging firms from across Wisconsin. From this 
list, 19 loggers were selected for further study and 15 agreed to participate. All loggers that were 
identified by multiple foresters or mills were included in the study.  
 
In-person interviews were conducted during the summer and early fall of 2013. In most cases the 
interview was conducted with the owner of the logging firm, but in three cases the interview was 
conducted with another individual familiar with the logging firm’s structure and operations such 
as a staff forester or timber buyer. During the interviews data was collected relating to the size of 
tracts harvested, harvesting equipment, moving costs, and timber purchasing strategies.   
 
The direct cost of moving equipment between harvest sites was provided by loggers during the 
interviews. In addition to the cost of a truck and low-boy, the cost of wages paid to idle 
employees and the fixed costs of idle equipment should also be included as components of 
moving costs (Cubbage 1982). The cost of owning and operating equipment was estimated using 
the machine rate method (Miyata 1980) with published assumptions (Brinker et al. 2002). Labor 
costs were estimated to be $15.31 and 22.79 per hour for equipment operators and chainsaw 
fellers, respectively (U.S. Department of Labor Bureau of Labor Statistics 2012). Labor overhead 
and fringe were assumed to cost 40% of the base rate.  
 
A simulated thinning of a 50-year-old red pine (Pinus resinosa Ait.) stand was conducted to 
demonstrate the impact of tract size on harvesting costs. The hypothetical stand was planted with 
436 trees per acre and was thinned at ages 30 and 50 (Ek et al. 2006). The thinning volume was 
estimated using the RPYLD growth and yield model (Hansen 2008). The thinning yielded 47 
tons per acre. Logging costs were estimated using LogCost version 13.1 (Rheinberger 2013). 
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Results and Discussion 
 
Harvesting Systems and Capital Investment 

 
Loggers in this study used three harvesting systems: cut-to-length (13), chainsaw and cable 
skidder (1), and specialized small scale equipment (1) (Table 1). Capital investment among study 
participants ranged from $51,000 to $900,000. Seven of the thirteen cut-to-length crews had a 
higher capital investment than the statewide median ($480,000) for fully mechanized crews 
(Traver et al. 2013). Nonetheless, a brand-new set of cut-to-length equipment can easily exceed 
$1 million; however, none of the participants in this study invested this much capital in 
equipment. Logger O suggested that loggers with $600,000 harvesters cannot be profitable on 
small tracts of timber. This makes sense because loggers with brand-new equipment have 
significant fixed costs and may have difficulty producing enough volume on small tracts to be 
profitable because of frequent moves.   
 
Of the thirteen cut-to-length loggers, seven used rubber-tired harvesters and six used tracked 
harvesters (Table 1). Rubber-tired equipment can be advantageous when harvesting small tracts 
because it can be driven on the highway between harvesting sites, which reduces moving costs 
and increases a logger’s flexibility in scheduling moves. For these reasons, Logger H stated that 
he was willing to drive his equipment on public roads for up to ten miles between harvest sites.  
 
Several loggers used retrofitted tracked excavators to fell and process timber. Logger D 
purchased a John Deere 490E excavator with a Fabtek harvester head for $120,000 and Logger F 
purchased a Link-Belt excavator with an Upton harvester head for $80,000. These machines may 
be less productive than new purpose-built machines; however, for loggers harvesting small tracts 
of timber, accepting reduced productivity in exchange for lower fixed costs may be worthwhile. 
 
One logger in the Driftless Region of southwestern Wisconsin used a chainsaw and cable skidder 
to harvest timber. The Driftless Region contains steep slopes and it is common for loggers to 
construct bladed skid trails and winch logs to the skid trails with cable skidders. Chainsaw 
systems typically require lower capital investments than cut-to-length systems, which reduces 
overhead costs and may allow chainsaw-based loggers to be competitive with mechanized 
loggers on small sales. Logger M invested only $51,000 in equipment, whereas the smallest 
capital investment by fully mechanized loggers was $115,000 by logger F (Table 1). 
 
Logger C harvested timber with a Kioti Forester DK35SE tractor, a Metavic forwarder trailer 
pulled and powered by the tractor, a Metavic Wheeler for transporting logs to the mill and 
moving equipment, and chainsaws for felling. This system cost $128,000 (Table 1), which is 
twice as high as the median investment for chainsaw/skidder systems in Wisconsin (Traver et al. 
2013). However, this system does allow the logger to perform all harvesting functions, whereas 
many loggers contract with outside entities for hauling timber and moving equipment. Logger C 
specializes in harvesting small tracts on non-industrial private forestland. He produces 500-800 
tons per year and has not made a profit in 12 years in business. For him, logging is considered to 
be his contribution to land stewardship rather than a money-making enterprise.   
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Table 1: Harvesting equipment, capital investment, annual production, 2012 harvest sizes, and 
minimum required volumes when moving to a new harvesting site as reported by small-tract 
loggers in Wisconsin.  

ID 
Harvesting 
Equipment 

Capital 
Invested 

Annual 
Production 

(tons) 

Average 
Harvest 

2012 
(ac) 

Smallest 
Harvest 

2012 
(ac) 

Minimum 
Required  
Harvest 

Size 
Average 
Moving 
Distance 

(ac) 

Minimum 
Required  
Harvest 
Size < 5 

Mile 
Moving 
Distance 

(ac) 

A CTL - rubber-tired $649,000 29,094 30 1 0.5 0.5 

B CTL - tracked $525,000 23,375 40 5 10 5 

C 
Specialized Small 
Scale Equipment 

$128,000 653 5 2 0.5 -- 

D CTL – tracked $193,000 7,425 20 10 20 3 

E CTL – tracked $610,000 18,656 18 10 5 5 
F CTL -  tracked $115,000 14,100 50 5 10 4 
G CTL - rubber-tired $600,000 8,706 30 20 15 2 

H CTL - rubber-tired $500,000 18,800 20 <1 10 5 

I CTL - rubber-tired $500,000 30,875 30 3 1 1 

J CTL -  tracked $410,000 19,900 40 5 20 5 

K CTL -  tracked $425,000 15,438 20 3 10 10 

L CTL - rubber-tired $900,000 21,825 28 1.5 10 5 

M Chainsaw/skidder $51,000 8,250 40 5 20 -- 

N CTL - rubber-tired -- 24,250 20 3 10 10 

O CTL - rubber-tired $270,000 6,045 10 3 3 2 

 

Timber Harvest Size 
 
The average harvest size for participants in this study was just 27 acres in 2012. Fourteen of the 
fifteen study participants harvested tracts that were 10 acres or smaller during 2012 (Table 1). 
Eleven of the fifteen loggers in this study were willing to harvest tracts as small as five acres if 
only a short move (<5 miles) was required. In terms of volume, nine of the fifteen loggers were 
willing to harvest tracts with as few as 150 tons of timber available for harvest.  
 
Previous research indicated that non-mechanized firms had an advantage on small tracts over 
mechanized firms (Rickenbach and Steele 2005). However, this study found that mechanized and 
non-mechanized firms alike are capable of profitably harvesting small timber tracts. This is 
encouraging for Wisconsin because tract size continues to decline and the trend of greater 
mechanization in the logging industry is continuing (Rickenbach et al. 2005, Traver et al. 2013)  
 
This study also suggests that properly equipped Wisconsin loggers are capable of profitably 
harvesting Managed Forest Law (MFL) mandated harvests. Since landowners must enter a 
minimum of ten acres into the program, loggers should be able to profitably harvest these tracts 
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as long as plan writers do not split ten acre tracts into multiple prescriptions requiring separate 
stand entries. Logger L stated that during the early days of the MFL program, plan writers had a 
tendency to layout harvests that were as small as two or three acres. However, he suggested that 
progress had been made and most MFL harvests were operable today. Logger N agreed, stating 
that the MFL program was “wonderful” for both landowners and loggers.  
 
Moving Distance and Cost 
 
The average moving distance for mechanized loggers in this study was just 30 miles (Table 2). 
The average direct moving cost was just $406 per move (one-way); however, this cost increases 
to $778 when the costs of idle equipment and employees are included. The chainsaw/skidder and 
specialized small scale equipment cost approximately one-half and one-third as much to move, 
respectively, as the cut-to-length systems.  
 
Table 2: Moving distance and cost for small-tract loggers in Wisconsin. Direct moving cost 
includes only the cost to transport equipment from one site to the next, while total moving cost 
includes the cost of wages paid to idle employees, the fixed cost of idle equipment, and the cost 
to move the equipment to the next harvest site. 

  Cut-to-length Chainsaw/skidder 
Specialized small 
scale equipment 

Average moving distance (miles) 30 20 30 

Average Direct Moving Cost $406 $200 $100 

Average Total Moving Cost $778 $446 $251 

 

Timber Purchasing Strategies 

 
Eleven of the fifteen participants in this study purchased at least half of the timber that they 
harvest, and ten purchased at least 80% of their harvest volume themselves. Loggers have 
historically been the primary purchasers of stumpage in Wisconsin (Rickenbach et al. 2005); this 
strategy may benefit loggers harvesting small tracts because it provides them with more 
flexibility in scheduling harvests, greater ability to group small sales together, and higher profit 
potential on small tracts than if a third party purchased the timber. 
 
Eleven of the fifteen participants in this study performed services in addition to timber harvesting 
such as food plot establishment, land conversion, brush removal, and yard-tree removal. For 
most participants, these services were a small part of their business; nonetheless, these services 
did help them purchase timber from some landowners.  
 

Simulated Harvest 

 
In order to demonstrate the impact of reduced tract size on harvesting costs, a simulated thinning 
of a 50-year-old red pine stand was conducted. On a 40-acre tract, the delivered cost of timber 
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was $33.10. On a 40-acre tract, the logger could break-even if he paid stumpage prices of 
approximately $8, $19, and $23 per ton for pulpwood, saw bolts, and sawtimber, respectively at 
recent delivered prices (Prentiss and Carlisle 2012). As tract size is reduced, moving costs per 
ton increase, which necessitates lower stumpage prices if the logger is to remain profitable. In 
this scenario, the delivered cost of timber does not exceed the delivered price of pulpwood until 
tract size reaches one acre (Figure 1).  
 

 
Figure 1: Delivered cost and sawtimber, saw bolts, and pulpwood delivered prices for red pine at 
tract sizes ranging from one to forty acres. 
 
Conclusion 
 
This study demonstrated that both cut-to-length and chainsaw loggers are profitably harvesting 
small tracts of timber in Wisconsin. All of the loggers that participated in this study suggested 
that they were willing to harvest tracts that are ten acres and smaller, which is the minimum 
acreage to be enrolled in the Managed Forest Law program. Loggers should be cognizant of the 
impact of tract size on their harvesting costs and adjust their stumpage payments accordingly. 
Many of the loggers in this study performed services in addition to timber harvesting to persuade 
landowners to sell their timber. If loggers are properly compensated for these services, these 
services could simultaneously increase landowner satisfaction and increase logger profitability; 
on the other hand, if loggers are not compensated for these services, they will further increase the 
costs of harvesting small tracts of timber. 
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Abstract 
 
There is an increasing interest in the establishment of plantations in the Southeast region with the 
objective of producing biomass for energy and fuel.  Establishment of these plantations will 
require the development of a feasible way to harvest them.  These types of plantations are called 
Short Rotation Woody Crops (SRWC).  Popular SRWC species are Eucalypt (Eucalyptus spp.), 
Cottonwood (Populus deltoids) and Black Willow (Salix spp.).  These species have in common 
strong growth rates, the capability to adapt to several weather conditions, the ability to coppice 
(generation of new stems after harvest) and rotations of 2-5 years.  SRWC have generated 
interest to many forest products companies and timber producers in the Southeast region in the 
last few years.  Although they are a big promise to the bioenergy market, there are still several 
concerns about the best way to harvest them without damaging their ability to coppice and when 
is the best season to harvest them so the sprouts regrow.  Plots were installed at several locations 
in Florida, Mississippi and Arkansas. The plots were cut using a typical shear-head feller-
buncher and a chainsaw; also two harvest seasons were scheduled: winter and summer.  Each 
plot was divided in 4 treatments: winter-shear, winter-saw, summer-shear and summer-saw.  
Winter harvest occurred in December and March, while summer harvest occurred in May and 
June.  Plots will be evaluated for mortality of the stumps and the number of stems regenerated. 
 
Keywords:  Biomass, Bioenergy, Short rotation woody crops, Eucalypt, Cottonwood 
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Introduction 

There is an increasing interest in finding different alternatives to produce fuel and energy 
in the U.S. The continuous population increment and the dependence on foreign oil make the 
production of biofuels and bioenergy from biomass very attractive. Furthermore, according to 
Gonzalez et al., 2010, the U.S. Energy Secretary proposed the replacement of almost 30% of 
ground transportation fuel by some type of alternative clean energy by the year 2030. 

Short Rotation Woody Crops (SRWC) are defined as plantations established to grow 
biomass to produce biofuel and bioenergy. Due to the recent concerns about the fuel and energy 
replacement, and also the development of several bioenergy and biofuels mills in the Southeast 
region, several companies, universities and private landowners have been encouraged to  
research the SRWC area and even to start planting SRWC at commercial scale. 

There are several SRWC species already being used in U.S., such as Cottonwood 
(Populus deltoides) and Black Willow (Salix spp.), which are native species and adapted to the 
Southeast region. Also, the introduction of the Eucalypt (Eucalyptus spp.), which is one of the 
most planted species in the world, is being tested in parts of the U.S. These species have in 
common strong growth rates, rotations between 2 and 6 years and coppicing ability. The 
coppicing, which can be defined as the ability a tree has to generate new stems from the stump 
after the harvest, is one of the most important characteristics of SRWC; since it will allow using 
the same plantation for up to 5 rotations, without the need of establishing a new one, and thus 
reducing the costs. The establishment of these plantations is on-going, but there is still concern 
on how to efficiently harvest them and maximize the utilization of the coppiced stems. 

The equipment designed to harvest SRWC already exist and they are common in Europe, 
but have high capital costs.  Such an investment wouldn’t be justified for a developing market 
like SRWC is in U.S. According to Langholtz et al., 2011, this equipment is designed to harvest 
dense plantations and materials between 0.5 and 4 inches in diameter. 

Crist et al., 1983, compared the effect of harvesting method (shear-head and chainsaw) on 
the ability to coppice Populus spp.in Wisconsin; they concluded that neither the chainsaw nor the 
shear-head significantly affected coppicing as long as the stumps were not excessively damaged 
during the original harvest.  The most popular harvesting system used in southeastern U.S. is the 
circular saw-head feller-buncher, which has been extensively used to harvest Eucalypt in South 
America.  However, it is used in plantations intended for pulp and paper and there are no 
concerns about the possible effects it has on the coppicing ability. On the other hand, the shear-
head feller-buncher has considerable lower maintenance and capital costs compared to the saw-
head. However, this equipment is used to harvest trees with larger diameters (>6 inches) and in 
plantations intended for pulp, paper and sawtimber markets.  
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There are also several doubts about the effect of the season of year in which the harvest is 
done on the ability to coppice with these species. Theories indicate that harvesting during 
dormant season (winter) will result in more coppiced stems, restricting the harvest only for that 
season. Ducrey and Turrel (1992) found that, after harvesting every 2 months for a 1 year period, 
the stumps of Holm Oak (Qercus ilex L) harvested during dormant season resulted in minimum 
stool mortality, and maximum new sprout number, height, and diameter growth. However, this 
study was performed in France, which has different weather conditions, and with different 
coppicing species than those that are commonly used in U.S. 

Project Description 

 As previously mentioned, there are uncertainties about the most adequate method to 
harvest SRWC in the U.S. due to the absence of equipment designed to harvest these plantations 
and when is the best season to harvest them. For these reasons, this project has the following 
objectives: (a) compare the effects of felling methods used in short rotation woody biomass 
plantations on its ability to coppice, and (b) determine if the ability to coppice may be affected 
by the season of year in which the harvest is done. 

 The project consists of five one acre size study sites (Figure 1). Two sites are located in 
Fort Pierce and Sebring, FL, and are planted with Eucalyptus urograndis, two and three year old, 
respectively. One site is located in Little Rock, AR, and consists of a Populus deltoides 
plantation that is three years old. The remaining two sites are located in Greenville, MS, and are 
planted with Populus deltoides and Salix spp, both five years old. Each plot was divided so they 
consist of four different treatments: shear-winter, saw-winter, shear-summer, and saw-summer. 

 

 
Figure 1. Locations of study sites: two Eucalypt sites in Florida, one Cottonwood site in 
Arkansas and 1 Cottonwood and Black Willow site in Mississippi. 
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The felling methods used on the project were a shear-head mounted on a skid steer 
(Figure 2) and a chainsaw to simulate the effect of the circular saw-head on a feller-buncher. 
Depending on the topography of the site and the layout of the plantation, the felling method 
treatment was established in alternating rows, to avoid possible site and soil effects; however, 
due to the small size of the plots, site and soil effects would not be a problem, hence if it wasn’t 
possible to alternate rows, the plot was divided in identical size for each treatment. 

 

 
Figure 2. Shear-head mounted on skid steer. 

 

Each plot was divided in two equal size plots for the season treatment. The winter harvest 
was performed during December 2013 in the two Eucalypt sites in Florida, and during March 
2014 in the Black Willow and Cottonwood sites in Arkansas and Mississippi. The summer 
harvest in the Florida sites will occur during May 2014 and in June 2014 in the Arkansas and 
Mississippi sites. 

 After each harvest an evaluation of bark damage on the stumps is performed. Depending 
on the site and the species the bark damage varies, it also varies among the equipment used. Bark 
damage may be important, since it may have an effect on the coppicing ability, as Crist et al., 
1983, determined in their study. For this study the bark damage of the stumps was classified in 
five categories (Figure 3): (0) no bark damage, (1) bark damage between 1 – 25%, (2) bark 
damage between 26 – 50%, (3) bark damage between 51 – 75%, (4) 75% or more bark damage.  
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Figure 3. Bark damage classification: (a) 0%, (b) 1-25%, (c) 26-50%, (d) 51-75%, (e) >75% 

 

The results of the project will be determined depending on the number of stems 
regenerated. Difference in number of stems will be determined between harvesting methods and 
season of year. 

Preliminary Results 

 The preliminary results indicate that the bark damage among the species varies; which 
can cause better coppicing in the less damaged species. Also, preliminary results show that bark 
damage between equipment varies. The shear-head is causing more damage to the bark of the 
stumps, showing a normal distribution between the 5 classes; while the bark damage caused by 
the chainsaw is predominantly less than 25% (Figure 4). 
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Figure 4. Percentage of Bark Damage Caused by Equipment: chainsaw damage is 
predominantly in classes 0 and 1, while shear-head damage is normally distributed between 
classes. 
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Abstract 

 

An effort is underway to collect detailed baseline logging costs from logging contractors 

throughout Oregon, Washington, Idaho, and Montana following comparable methodology to the 

University of Georgia (UGA) Southern Logging Cost Index.  These costs will be used as the 

foundation for one or more western logging cost indices.  Logging expenditures will be 

compared between contractors west of the Cascade Range in Oregon and Washington with 

contractors east of the Cascade Range in Oregon, Washington, Idaho, and Montana to determine 

if these two regions are distinct and thus warrant separate cost indices.  Results from this effort 

will also be compared with the cost breakdown for southern logging contractors as surveyed by 

UGA.    

 

Keywords:  Logging expenditures, cost categorization 

 

Introduction 

 

In 2012, the University of Georgia (UGA ) developed a Southern Logging Cost Index as a 

replacement for the logging cost index generated by Bill Stuart and Laurie Grace. UGA’s 

methodology relies on publicly-available data for a quarterly computation of changes in cut and 

load logging costs.  While costs were collected for five regions of the US, sufficient data was 

only available to develop an index for the Southern US.  Figure 1 shows the breakdown of 

average $/ton costs for the South and West regions.  As can be seen in Figure 1 there are 

substantial difference between the distributions of costs in the two regions, therefore a separate 

index for the two regions is warranted.  The College of Forestry and Conservation (CFC) and 

Bureau of Business and Economic Research (BBER) will be collecting baseline logging cost 

information for the western states (ID, MT, OR and WA) during calendar year 2014 to serve as a 

basis for a western logging cost index. 
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Figure 1: Comparison of average $/ton for standard cost categories in the US South and West 

(west of the Cascade Mountains) (Baker et al. 2013). 

The BBER has tracked logging costs in Montana and Idaho since the 1990s using an “expert 

opinion survey” approach (Keegan et al. 1995 a & b).  In 2000, the approach was used to update 

predictive equations estimating costs of harvesting stands with trees ranging from 6” to 10” dbh 

(Keegan et al. 2002). At the request of USFS Northern Region, additional data were developed in 

2007 to update costs estimates to 2006 dollars, provide cost estimates for larger trees, and 

provide costs for cut to length (CTL) logging systems. Since 2009, BBER has been conducting 

the stump-to-loaded-truck cost survey every two years, asking logging contractors in the two 

states to “develop a bid” for a timber sale with a given  set of variables (unit size, average tree 

size, volume per acre, etc.).  The results of these expert opinion surveys 

(www.bber.umt.edu/FIR/F_Logging.asp) are used to calibrate logging costs for the USFS’s 

internal timber sale appraisal program.  While this method provides a good means of tracking 

changes in logging rates ($/MBF and $/ton) over time, reasons for changes in rates are not 

obvious.  Changing log markets, external economic forces (i.e. fuel costs), productive capacity of 

individual firms, perceived scarcity of work, and other factors may all have an influence on 

survey results; however teasing out the specific influence of each factor is not possible given 

current methods.   

Meek et al. (2031) developed regionally-appropriate machine rates and compared these with 

costs developed 20 years prior by a regional industrial timber company and found that costs had 

increased substantially beyond inflation (Table 2).  In part, this points to the inadequacy of using 

a single index (Consumer Price Index) to adjust logging costs over time.  The Southern Logging 

Cost Index, and the Western index as proposed here, uses various publically-available economic 

indices to adjust each element of total logging costs separately. 
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Table 1: Comparison of daily equipment rates for western Montana, all reported in 2013 dollars 

 1993 Total 

$/Day  

(2013 dollars) 

2013 Total  

$/Day 

Change in 

$/Day  

(2013 dollars) 

20-year 

Change in 

Percent 

Feller-Buncher $1,191 $1,460 $270 +23 

Skidder $710 $1,167 $457 +64 

Track Skidder $850 $1,278 $428 +50 

Stoke-Boom Delimber $1,110 $1,533 $423 +38 

Loader $793 $1,125 $332 +42 

 

Objectives 

This project has the following objectives: 

 Evaluate the stump-to-truck (cut and load) logging cost for the most common logging 

systems in the western US following closely the methods developed by UGA; 

 Compare cost structures for contractors on the west-side versus east-side of the Cascade 

range to determine if these two regions can be combined into a single logging cost index; 

and 

 Develop the basis for a logging cost index for the western US working closely with UGA 

to ensure the validation methods they are proposing to develop will also work in the 

refinement of a western logging cost index over time. 

Methods 

Logging Industry Interviews:  We plan to follow the protocol developed by UGA to gather 

stump-to-truck cost per ton data from logging professionals in the western US.  However, based 

on thorough discussion between the teams at UM and UGA, it has been identified that we will 

need to develop two sub-regions to account for the variability between operations west of the 

Cascades Mountains (west-side) versus operations in the Inland Northwest (east-side).  This 

geographic distinction is largely accepted as the dividing line between very discrete regions of 

the west with different forest types, moisture regimes, mill infrastructure, and logging systems 

(Table 2).  Thus, we will develop west- and east-side logging cost information to establish the 

appropriate breakdown of logging costs into major cost categories e.g., contracted services, 

labor, depreciation, repair & maintenance, fuel, other consumables, administration, insurance, 

and mobilization, similar to those shown in Figure 1.  It should be noted that all “West” 

respondents to the 2012 UGA study were from west of the Cascade Mountains.  Stump-to-truck 

logging costs will be collected for the most common logging system in each region: cable with a 

mix of shovel logging on the west-side, mechanical whole-tree on the east-side.   
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Table 2: Comparison of factors influencing logging costs west of the Cascade Mountains versus 

east-side. 

Factor West-side East-side 

Predominant silviculture Clear-cut Partial cut 

Major logging system Cable with some ground-based 

(shovel) 

Mechanical whole-tree 

Distance to mill/market Generally less than 50 miles 30-250 miles 

Number of 

sorts/destinations 

3-7 1-2 

Work year 11-12 months 8-9 months 

Cutting Most often contracted Most often in-house, some 

contracted 

Skidding, processing, 

and loading 

In-house Mix of contracted (to individual 

owner/operator) and in-house 

 

Twenty to 25 contractors in each western region (west-side and east-side) will be interviewed to 

determine costs for their firm for 2012 and 2013.  We anticipate needing a minimum of 10 to 15 

complete logging contractor cost profiles from each of the two regions for an adequate sample 

that captures the range of variability in logging contractors.  Interviews will be in two parts; first, 

either in person or over the phone, interviews will gather information about basic, business-level 

details, such as the number and size of logging crews, number and types of employees, average 

production, daily hours worked, and weeks worked per year. Basic operating information will 

also be gathered for regional comparisons on harvest types (clear-cut/partial cut), species and 

stand (planted/natural) characteristics, harvesting systems, etc. Interviewees will next be asked to 

provide detailed cost information per standardized cost category for 2012 and 2013.  All data 

will be kept confidential and no revenue or profit information will be collected.  Contractors are 

currently being sought out to participate in interviews. 

Index Development:  The UGA Logging Cost Index relies on publicly-available data to adjust 

the index value to account for changing economic conditions, which is an advantage in terms of 

speed of updating and participation of contractors. Ensuring the trends are accurate, however, 

requires periodic validation with actual cost data from contractors. Regional differences in 

harvesting technology or techniques, which can significantly impact costs, require region-

specific baseline cost information and cost trend data. We aim to develop and maintain a sample 

of contractors representative of the western logging industry to track these detailed stump-to-

truck logging costs through time. The development of western logging cost indices are at a 

distinct disadvantage as compared to the southeast where long-term logging cost data is available 

to validate how the index responds to changing economic conditions over time.  No such long-

term data set is available for the west.  Therefore the data collected through this effort will be 

baseline data which can serve as the basis for a western logging cost index.   

Discussion 

Through initial discussions with contractors throughout both the west- and east-side regions of 

the west, several questions have arisen, primarily dealing with the impact of production on costs.  

It is hypothesized that there are two main types of production variation that will have a 
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significant impact on costs: work stoppages and wide swings in volume concentration.  Work 

stoppages include mill quotas, inclement weather, fire restrictions, and break-up.  With work 

stoppages, variable cost per unit produced will remain relatively constant while fixed costs will 

be spread over fewer hours, days, and/or tons.  Our initial assumption is that work stoppages are 

the main cause for swings in production in the South and West-side regions.  While the East-side 

sub-region experiences work stoppages, many contractors also report wide swings in harvest 

volume per acre (by a factor of 15 or more between jobs) as having a major impact on their 

production.  When considering production impacts from volume concentration, daily or hourly 

costs remain relatively constant while the volume produced per time (day or hour) varies 

considerably.  This may have an impact on the suitability of an index with a $/ton basis.  In order 

to partially answer this question, contractors in both the West and South will be asked to provide 

weekly production records for the past year, if available.  This will help to determine the reasons 

for swings in production and any differences that may exist between regions.  However, data 

collection is not set up to determine specific costs associated with given production levels for an 

individual contractor. 
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