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An assessment of fuel, soil and industrial sorbent applications of
biochar produced from forest biomass using distributed scale
thermochemical conversion

Nathaniel Anderson*, Woodam Chung?, Wilfredo Perez, Deborah
Page-Dumroese and Zhengrong Gu

Abstract

As a component of supply chains in the forest sector, distributed scale thermochemical
conversion systems can produce heat, power, biochar, liquid fuels, and other products
from woody biomass byproducts including logging residues, sawdust, chips and
shavings. In addition to offsetting mill energy and waste disposal costs, biomass
conversion has the potential to reduce air pollution from open burning and generate
revenue from the sale of value added products. However, many conversion systems
have not been deployed in commercial settings and the products they produce from
forest biomass have not been adequately described or characterized with regards to
chemical properties, possible uses, and markets. Markets for biochar are especially
difficult to access because of the lack of standardization and commodification in this
nascent industry. This study used a 700 kg hr -1 gasification system and a 225 kg hr-1
pyrolysis system to produce biochar from coniferous forest and mill residues. The
biochars produced by the two systems from multiple feedstocks were characterized for
three possible end uses: 1) a substitute for coal in utility boilers, 2) a soil amendment
intended to improve soil properties and plant growth, and 3) a precursor in the
manufacture of activated carbon (AC). The biochars had similar particle size
distributions and bulk density, but varied in pH, carbon content, and other properties.
With energy content above 30 MJ kg -1, the biochars produced had higher energy
content than torrefied wood and slow pyrolysis biochars, but lower energy content than
medium and high quality fossil coal. Compared to raw biomass, biochar has improved
handling and storage characteristics for co-firing applications. As a soil amendment,
biochar can sequester carbon and improve soil properties, but may have a negative
liming effect in low pH forest soils. In this case, we believe low application rates of 1 to 2
Mg ha-1 biochar, which mimic the amount of biomass removed during harvest
operations, may have little impact on soil pH, but would alter water holding and nutrient
cycling conditions enough to improve forest growth. Most commercial ACs have surface
area between 400 and 1600 m2g-1. Biochars from both systems were successfully
activated to 500 to 1200 m2g-1 using steam activation. Proprietary chemical activation
methods yielded AC with surface area as high as 2071 m2g-1. Results are discussed in
the context of co-locating these systems with forest industry operations and producing
marketable products from logging residues and mill byproducts.

! Rocky Mountain Research Station
% Associate Professor, College of Forestry and Conservation, University of Montana
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Planning Systems, Agility and Customisation in Wood Supply
Chains — Results from Six International Case Studies

Jean-Francois Audy®, Luc LeBel?, Matheus Pinotti*, Karin Westlund®, Sophie
D’Amours’, Mikael Rénnqvist*

Abstract

This paper is based on wood supply chain (WSC) data collected in six countries
(Canada, Chile, France, Poland, Sweden, and USA) where a total of 94 local actors
and experts were consulted. For each WSC studied, the processes for the opera-
tional planning and execution of the procurement activities were mapped. Descrip-
tions of the information, material and financial flows were also completed. Three
basic designs of planning systems were identified, and for each design, a decision
matrix was devised. WSC agility capabilities were assessed according to a four di-
mensions reference model and compared with those theoretically required by the
environment’s uncertainties. When comparing location of the decoupling point, agility
capabilities, and average order fulfilment cycle time of each WSC, it was possible to
reinforce results found in the literature which state that supply chain agility is linked
to shorter order fulfilment cycle time. Finally, the personalisation capabilities of each
WSC were assessed and two key processes were identified where most of the prod-
uct differentiation activities along a WSC occur.

Introduction

Aqility is increasingly recognised as a key characteristic of high performing supply
chain. Yet, for forest operations, it remains unclear how to measure and assess agili-
ty. We therefore set to develop a framework for describing different wood supply
chains (WSC) in a generic and standardized way with the objective of assessing
their agility and personalisation capabilities. This work was conducted within the
Flexible Wood Supply Chain research project (www.flexwood-eu.org). The frame-
work was applied in six international case studies (Canada, Chile, France, Poland,
Sweden and USA). Field visits and interviews allowed us to collect information from
94 local actors and experts. Complete results and methodology are provided by
Audy et al. (2012). This paper highlights selected results collected from six different
supply chains located in as many countries. More specifically, in next section we in-
troduce key elements of the framework and discuss findings on the WSC planning
systems. Then, the following sections discuss the agility and personalisation capa-
bilities of the cases, respectively. Concluding remarks are then provided.

Planning systems

The processes for the operational planning and execution of the procurement activi-
ties were mapped for each WSC studied. This included all activities from selling
agreements to delivery at mill yard. Process mapping also included the identification

! FORAC Research Consortium, CIRRELT, Université Laval, QC G1V 0A6, Canada
% Faculté de foresterie, géographie et géomatique, Université Laval, QC G1V 0A6, Canada
®The Forestry Research Institute of Sweeden (Skogforsk), Swwden
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of the actors involved, the location of the decoupling points (i.e. the boundary be-
tween forecast driven and order driven planning), and the information, material and

financial flows.

Table 1: Planning and execution processes.

thgfaisp)sroggg:s% Planning (P) and execution (E) processes
Procurement - Select block (P)
- Buy block (P)
- Schedule harvesting (P)
- Pre-harvesting preparation (E)
Harvesting - Harvesting in the full tree (FT) or cut-to-length (CTL) method (E)
- Primary transport in the FT or CTL method (E)
- Merchandising at roadside landing (E)
- Measuring at roadside (E)
- Schedule secondary transportation (P)
Secondary - Secondary transport (E)
transportation - Measuring at the mill (E)
- Reception (E)
Sales - Value commitment (E)

Table 2: Decision matrix for the three identified designs of planning systems.

Design of the planning systems

Planning Planning decisions 1 5 3
process (operational level)
Select or This decision is | This decision
buv block Harvest units sourcing planned indi- is planned
y vidually. individually.
Harvest units scheduling The decision
Assortments to produce by | ‘Harvest units
harvest unit and allocation | sourcing’ is, at No decision in
to demand least, jointly the ‘Schedule
Harvest equipment selec- | planned with harvesting’
Schedule tion by harvest unit one of the de- process can
harvestin Harvest unit assignment to | cisions in the At be jointly
9 | contractors/teams ‘Schedule har- dt east, pnfh planned with a
Harvest unit layout vesting’ pro- ( Seé:rzselgnllenharei decision in
Bucking/merchandising cess. vestin y o- another pro-
instructions and sorting '9 P! cess.
. cess is jointly
rules by harvest unit .
. planned with a
Harvest crew scheduling .
Assortments (re)allocation decision in the
t0 demand No decision in | ‘Schedule sec- | No decision in
- ‘ ondary trans- :
Balance transportation the ‘Schedule y the ‘Schedule
: L secondary portation’ pro- secondary
with harvesting, inventory L L
Schedule and reception transportation’ | Cess. transportation
secondary . process can process can
Transportation quotas - e
transpor- . be jointly be jointly
. assignment to contractors , ,
tation Transportation equipment planned with a planned with a
routinp and sche?tlul?n decision in decision in
g . 9 another pro- another pro-
Transportation crew cess cess
scheduling ] '
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Table 1 depicts a standard of 17 generic processes based on an adaptation of the
Supply Chain Operations Reference (SCOR) model (Supply Chain Council, 2008). It
accounts for the main planning and execution processes at the operational level in a
WSC. These processes are grouped within meta-processes: “procurement” of stand-

ing/harvested timber, “harvesting”, “secondary transportation” and “sales” of harvest-
ed timber.

When applied to each of the six cases studies, the description of the plan obtained
from each aforementioned planning process allows proposing 13 generic planning
decisions at the operational level in a WSC (

Table 2). The “Select or buy block”, “Schedule harvesting” and “Schedule secondary
transportation” processes were associated to one, seven and six decisions, respec-
tively. Then, by identifying the main actor(s) taking the decision(s) in each process,
three basic WSC planning systems designs were identified: (1) integrated sourcing
and harvesting planning (observed in: Canada, Poland, and Sweden), (2) integrated
harvesting and transportation planning (observed in: USA), and (3) decoupled sourc-
ing, harvesting and transportation planning (observed in: Chili, and France).

In a supply chain, the decoupling point corresponds to the point where production
shifts from being forecast-driven to become customer order-driven. It also corre-
sponds to a point where decisions are made with much less uncertainty. Seven de-
coupling points locations were identified in the cases: Buy block-to-order, Select
block-to-order, Bucking-to-order (only for CTL method), Primary transport-to-order,
Merchandising-to-order (only for FT method), Measuring-to-order and Secondary
transport-to-order. The location of these decoupling points along the material flow of
the WSC is illustrated in the upper part of Error! Reference source not found..
Each case uses more than one decoupling point located within at least two of the
three main sections of a WSC (i.e. procurement, harvesting, secondary transporta-
tion). The proportion of the total demand satisfied per decoupling point is uneven,
and roughly half of all the demands are satisfied using more than one decoupling
points, which means that inventories located at different steps along the WSC are
used to plan demand fulfilment.

Audy et al. 2013 Council on Forest Engineering Annual Meeting page 3
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Figure 1. Location of the seven decoupling points and the two main product differentiation activities.
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Agility capabilities

The agility capabilities of each WSC were assessed according to the four dimensions of
supply chain agility proposed by Christopher (2000): customer sensitivity, process inte-
gration, information drivers and network integration. On a 0-4 scale, the developed
methodology rates how well different enablers and practices, identified in each of the
four aforementioned WSC meta-process, contributed to each of these four dimensions.
For instance, Figure presents the evaluation of agility capabilities per meta-process (left
side), and the average results per dimension (right side) for the USA case. The agility
dimension of information drivers obtained a slightly lower evaluation compared to the
three other dimensions but overall the agility capabilities of the USA case were as-

sessed “high”.

Procurement  Harvesting

Sec. transp. Sales

O Customer sensitivity
OProcess integration

B Information driver
ONetwork integration

Network
integration

Customer
sensitivity
4

Information
driver

Process
integration

Figure 2: USA case agility capabilities by meta-process (left) and in average (right).

A WSC should strive towards proper agility capabilities in response to uncertainty in
their environment. Based on an appraisal of the level of supply and demand uncertainty

in each case, three clusters of cases can be made according to their levels of supply
(Figure -left) and demand (Figure -right) uncertainty.

High| - Canada ™,
\, /
. Poland ~  ___-- ‘
e France ~™~~=~._ .
Supply 7 A
uncertaint \ ;
Y Sl Sweden us .-
'f"'_-‘x
Low {Chile }
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Demand
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7 SN,
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High / Canaga .-~ -
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/Poland v/ N
] 1V \
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\ Y !
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Figure 3: Clusters of cases with similar levels of supply (left) or demand (right) uncer-
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For each case, to improve their agility capabilities, it appears important to first close the
most significant gaps and/or the ones judged priority. The enablers and practices of the
cases that stand above average can serve as benchmark. Attention should be paid,
however, to the level of uncertainty in the environment of the cases to be used as a ref-
erence for others. If their supply and/or demand uncertainty differs considerably, then
extra care should be used to adapt and adjust enablers and practices to different condi-
tions. Thus, a case aiming to improve its agility capabilities in respect to one or several
of the meta-process associated to the supply side of a WSC (i.e. “procurement”, “har-
vesting” and “secondary transportation”), should first review the enablers and practices
of a case with high agility capabilities and located within the same cluster of supply un-
certainty (Figure -left). The same comment applies for a case aiming to improve its agili-
ty capabilities on the demand side of a WSC (meta-process “sales”) by searching for the
same cluster of demand uncertainty (Figure -right).

According to the generally accepted idea found in the literature on supply chain agility,
an environment with high uncertainty calls for a supply chain with high agility capabili-
ties. Thus, if we compare agility capabilities evaluated in the cases and those theoreti-
cally required according to the level of uncertainty (in demand and supply), our analysis
shows a case (Chile) with high agility capabilities not required by the level of uncertain-
ty. We also observe cases where the uncertainty level calls for higher agility capabilities
(France, Canada and Poland for the supply level) and, finally, cases with agility capabili-
ties relatively well balanced with their level of uncertainty (Sweden and USA).

In the literature (e.g. Agarwal et al. (2007); Carvalho et al. (2011)), supply chain agility is
also linked to shorter order fulfilment cycle time (i.e. the time from the placement of an
order by a customer to the fulfilment of the order by the supplier). The SCOR model
splits Order fulfilment cycle time into two parts: order fulfilment process time (OFPT)
and order fulfilment dwell time (OFDT). OFPT is defined as the time from the first pro-
cess to fulfil the demand to the fulfilment of the demand by the supplier. This time in-
cludes possible ‘idle time’ and ‘non-value-added lead time’ caused by inefficiencies in
the organisation. OFDT is defined as ‘any lead time during the order fulfilment process
where no activity takes place, which is imposed by customer requirements’ (Supply
Chain Council, 2008). Self-reported and deducted data on order fulfilment cycle time
were obtained for each case. Table 3 presents the OFPT and OFDT by case (ranked
from the highest to the lowest agility capabilities).

The three cases with the highest agility capabilities did not present a decoupling point
located at the end (downstream) of the WSC (secondary transportation section), while
the two cases with the lowest agility capabilities did not present a decoupling point lo-
cated at the beginning of the WSC (procurement section). For the decoupling points
located in the procurement and harvesting sections, in general, the higher the agility
capabilities, the shorter the average fulfilment cycle time in the section. This is due ba-
sically to shorter times in the OFPT, while higher agility capabilities do not impact the
OFPT for the decoupling points located in the transportation section. In summary, when
comparing location of the decoupling point, agility capabilities and average order fulfil-
ment cycle time of each WSC, it confirms results found in the literature stating that
greater supply chain agility is linked to shorter order fulfilment cycle time.

Audy et al. 2013 Council on Forest Engineering Annual Meeting page 6



Table 3: Order fulfillment cycle time in the cases.

Procurement Harvesting Secondar%/i‘;l'r:ansporta-
OFPT OFDT OFPT OFDT OFPT OFDT
A few
usa | 0315 yeeks to 0515 | 21day(s)to | o\ ceq Not used
+ days days a few weeks
months
A few A few
Chile | 10 days 10 days weeks to Not used Not used
months
months
2 A few
= Swe- =1 weeks to | <1 month Afew <1day | Afew weeks
o) den month weeks
© months
= Many
XS 3-4 weeks to a A few
O | Canada 3-4 weeks <1 day A few weeks
- weeks few weeks
_g__ months
> Not 2-3 days to
P | France Not used | 3.5-7 days a few <1 day 1-3 day(s)
used
months
A few
>
! Poland Not Not used 3-9 days weeks to <1 day 21 day(s) to a
used few weeks
two months

Personalisation capabilities

Personalisation refers to a supplier's design of its value proposition (i.e. the product and
logistics services specifications) to meet specific needs of customer segments. Person-
alisation capabilities of each WSC were assessed based on the location of the decou-
pling points and their respective order fulfilment cycle time. It is assumed that the closer
the decoupling point is to the sourcing of standing timber, the easier the specifications
of the value proposition can be personalised to a customer.

For the product specifications personalisation, two key processes were identified where
most of the product differentiation activities along a WSC occur: merchandising at road-
side landing for the FT method or harvesting in the CTL method. Indeed, the process
represents the main activity along the WSC where a felled tree is processed in one (FT
method) or a set (CTL method) of specific products to be delivered to the mills. Special-
ising the work-in-progress inventory into specific end products is a process designated
as product differentiation activities (PDAS) in the concept of form postponement (Forza
et al. 2008). Thus, form postponement consists in delaying one or more PDAs along the
manufacturing and distribution process. As illustrated in the lower part of Figure 1, the
potential capabilities to tailor product specifications before a PDA are superior to the
tailoring capabilities after a PDA. The localisation of the two main PDAs along the WSC
is illustrated in Figure 1.
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Conclusion

A qualitative framework was developed and applied to rate agility of forest WSC. It was
tested on WSC observed in six forest regions of different countries. By providing a de-
scription of their WSC and an assessment of its agility and personalisation capabilities,
the proposed framework can support an organisation in an exercise of self-diagnosis to
identify improvement opportunities and to anticipate the impact of a change in its WSC
(e.g. the introduction of a new technology, a new value proposition for a customer). The
framework introduced a common vocabulary to be used by researchers and practition-
ers in different disciplines. It represents an original attempt to develop a reference mod-
el for future research addressing WSCs. Our results indicate that WSC in Sweden, USA
and Chile benefit from high agility capabilities. WSC observed in Canada, France, and
Poland would probably benefit from realigning their agility capabilities to what is re-
quired from their environment.
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Logging Cost Components of US Timber Producing Regions and
Their Use in a Regional Logging Cost Index

Shawn A. Baker!, W. Dale Greene?

Abstract

Data on logging cost components were reported with some frequency through the mid-
1980’s, but the expansion of contract logging and elimination of company logging crews
reduced the ease with which large datasets on logging costs could be readily collected.
A timely, accurate indicator of changes in logging costs would establish a baseline
against which logging contractors could compare their own costs and would offer buyers
and sellers of timber a reference for shifts in cut and haul rates.

To determine the variation in logging costs across the country, we interviewed
contractors in each of the four major timber producing regions. We conducted 48 face-
to-face interviews across eleven states, and 27 of the interviewed contractors shared
information related to their 2011 operating costs. Using the cost information provided by
the 19 participants in the South, we developed percentage breakdowns of the key
factors driving logging costs.

We developed a logging cost index for the South, where we had the most data on the
percentage breakdown of logging costs. Publicly available data on costs of diesel,
equipment, maintenance, labor, interest, and other factors were used to drive the
changes in the cost index over time. The methodology used to develop the southern
logging cost index could be extended to other regions if more region-specific cost data
were available.

Introduction

The Bureau of Labor Statistics listed 8,300 logging businesses employing 46,300
people across the U.S. as of the 2" quarter of 2012 (Bureau of Labor Statistics 2012).
In employee wages alone, the logging industry generates $430 million. It is also a vital
component of the U.S. forest products supply chain. Despite the importance of the
logging industry, information on the condition of the logging workforce has historically
been limited. The business is dominated by small independent contractors, and

! Research Professional, Center for Forest Business, Warnell School of Forestry & Natural Resources,
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substantial effort is required to gather sufficient information to make generalizations
about the industry as a whole.

Many approaches have been designed to estimate the cost of logging operations. Some
of these were based on specific detailed historic cost records, while others used
simplifying assumptions and reasonable estimates of cost components. All cost
estimates need to be based on real data as much as possible to improve their validity.
While sources of data on cost components were reported with some frequency through
the mid-1980’s, the elimination of company logging crews reduced the ease with which
large datasets on logging costs could be readily collected.

One previous effort to index logging costs used accounting records collected annually
from a group of contractors (Stuart and Grace 1999). The information in reports
generated by Stuart et al. (2008) has been one of the most widely available indicators of
logging cost changes over the past 20 years. One disadvantage of Stuart’s reporting
was the 1-2 year delay between the recording of the cost information by a contractor
and the availability of reports to potential users.

Our objective was to generate a timely, accurate indicator of changes in logging costs to
provide value to everyone in the industry. It would establish a baseline against which
logging contractors could compare their own costs and would offer buyers and sellers of
timber a reference for shifts in cut and haul rates.

Methods

We contacted 95 logging contractors around the country to gauge their interest in
participating in the study. Potential participants were selected based on their reputation
as reliable record-keepers and above average performers. The goal of the study was
not to estimate an average cost for the industry, but to collect accurate cost data from a
collection of efficient operators. Contractors who agreed to participate were visited for a
face-to-face interview during which data on the structure of their business were
collected. In addition, detailed breakdowns on the distribution of costs incurred in 2011
were requested. Follow-up phone calls were made in an attempt to collect data not
shared during the interviews.

We used the accounting records of participants as the starting point to calculate a
logging cost index by separating the costs into major cost categories: labor, petroleum-
based consumables, depreciation, repair & maintenance, interest, insurance, and
administrative. We found publicly available cost data tied to most of the major logging
cost components. Average wages paid to logging employees, costs for heavy
equipment and equipment repairs are all reported by the Bureau of Labor Statistics,
retail diesel prices are reported by the Energy Information Administration, and the
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Federal Reserve reports interest rates. Combined, these data represented over 90% of
the cut and load cost of southern logging operations. Indicators in changes of
administrative and insurance costs were not readily apparent. As a result, the core
Consumer Price Index (CPI) minus food and fuel was used to modify these portions of
the cut and load cost.

Weekly wage data are reported quarterly by the Bureau of Labor Statistics. We
weighted the average weekly wage reported in each of the states in a region by the total
number of logging employees in each state. This weighted average wage was then
used to modify the labor portion of the cut and load rate.

Using the percentage breakdown reported by participants, we weighted each of the
public data sources to adjust the cost per ton of that component of the cut and load
cost. The initial value of the index was set at $12.50 per ton in the fourth quarter of 2011
to coincide with the data shared by participants.

Haul costs were not included in the index due to the separate and unique distribution of
costs associated with operating heavy trucks. Many of the participants in the study did
not maintain separate cost records for hauling, making calculation of a detailed cost
breakdown problematic.

Results

Of the 95 contractors contacted, 47 agreed to interviews, and 28 ultimately shared cost

data (Table 1). Nineteen of the 28 contractors who shared cost data were located in the

southern US. As a result, our sample size of contributors was only large enough to allow
for development of a cost index for the South.

Table 1. Breakdown of participating contractors by region of the country, including those
who provided cost data.

Lake

South  West States Northeast
Contractors Contacted 40 19 20 16
Participants 23 8 9 7
No. Providing Cost Data 19 5 2 2
Total Participating Logging Crews 63 34 35 22
?F/:r:z)ge Contractor Weekly Production 4200 4050 1800 3650
Weeks Worked per Year 50 48 49 40
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The distribution of cut and load costs from southern logging contractors was similar to
previously reported cost distributions (Figure 1). A major difference between the index
developed here and the previous logging cost index reported by Stuart et al. (2008) is
the exclusion of haul costs in the index methodology we use. While contractor records
usually included detailed information on the cost associated with contract hauling,
contract hauling only comprised roughly 45% of the total loads delivered for participating
contractors. Detailed breakdowns of the cost to operate their own heavy trucks were not
available from the majority of respondents, hindering our ability to accurately link the
major cost components to cost indicators. Our index therefore only reports cut and load
costs.
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Figure 1. Percent breakdown of major cut and haul cost categories reported by Stuart, et al.
(2008) for 2006 and for Southern contractors from this study.

Excluding the haul costs (the majority of the “contracted services” referenced by Stuart
and Grace (1999)), labor was the largest cost component, followed by fuel, depreciation
and repair and maintenance (Figure 2). The initial index value was set to $12.50 per
ton, which was the average cut and load cost for participating contractors in 2011,
rounded to the nearest $0.50. The proportion of the cost in each of the major cost
categories was linked to the fourth quarter 2011 value of the public data source tied to
that category. For example, depreciation represented 19% of the cut and load cost
($2.375 per ton). The value of the PPI for heavy equipment (NAICS 333120) over the
last three months of 2011 was 231.6. The contribution of equipment depreciation to the
index in any quarter is the initial depreciation cost ($2.375) multiplied times the PPI for
heavy equipment in that quarter divided by the initial PPI for heavy equipment (231.6).
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Figure 2. Percent breakdown of cut and load costs for Southern contractors by major cost category,
2011.

Using this methodology, we were able to track the logging cost index moving forward
past 2011 as well as compare the index value backward to the values reported by
Stuart et al. (2008). To compare index values back to 1995, we had to replace the PPI
for heavy machinery repairs (NAICS 811310), which was created in 2007, with the CPI
as no comparable data were available. The trend of the quarterly index we generated
compared favorably with the annual trend of Stuart et al. (Figure 3).

190
170
3 150 » N S
% 130
o
(@)
%0 110 -W@/‘/
oo
%o 90 ¢ Stuart
- —JGA Cost Index
70
50 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
@ \’b L \’b \’b \’b \’b(\ \’bQ \’2’° \'°° \’b° \’°° \’bo \’b° \"*° \’bQ \'bQ \'?*Q

Figure 3. The UGA Logging Cost Index shown quarterly and Stuart’s Logging Cost Index
reported annually, from 1995-2006.
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Historic performance of the index methodology is not a guarantee of future accuracy.
We intend to evaluate the trends in logging cost reported by the index in the future using
data provided by logging contractors. The approach appears to provide a simple, rapid
measure of changes in logging costs which can aid the industry in identifying large shifts
in logging cost. The structure of the index should also indicate the scale of changes in
volatile cost components, such as diesel fuel.
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Abstract

Following a dramatic downturn, the forest industry in southeastern Virginia and adjacent
North Carolina is experiencing rapid expansion. This expansion is led by the wood
energy sector with plans to produce electricity and pellets. Additionally, a previously
closed paper mill in Franklin, VA was recently repurposed and reopened. Combined,
these facilities are expected to have the capacity to utilize over 3 million additional tons
of wood compared to 2012 consumption levels in this region. Increased demand is
expected to exceed the capacity of the existing logging workforce. The southeast
Virginia forestry community, along with a local community college came together to
develop a task force focused on addressing a potential shortage of logging capacity. A
mail survey of existing logging business owners in southeastern Virginia was conducted
to determine needs and focus task force efforts. Eighty-six percent of respondents
indicated the expected change in wood markets would benefit their business. Sixty-one
percent of operations were evaluating whether or not to expand roundwood harvesting
capacity. Nineteen percent of operations currently harvested fuel chips. Fifty percent of
operations not currently harvesting fuel chips believed they could feasibly add a chipper
to utilize logging residues for energy. Primary barriers related to expanding capacity
included uncertainty about new markets, concern that demand will go down after
investing in additional equipment, and concerns related to trucking.

INTRODUCTION

Southeastern Virginia and Northeastern North Carolina are poised for rapid growth in
wood utilization. This growth is a result of the re-opening of the paper mill in Franklin
(International Paper 2011), a new pellet mill under construction in Southampton County,
VA and construction of two new pellet mills in northeastern North Carolina (Enviva
2013). In addition, two power plants are under renovation and will soon be utilizing
wood fuel for producing electricity in Hopewell, VA and Southampton County, VA
(Dominion 2013). Based on announced wood consuming facility start-ups, by the end
of 2013 wood consumption in this region could exceed 3 million additional tons
compared to 2012 wood consumption levels.

In response to this anticipated rapid increase in wood utilization, the Paul D. Camp

Community College Division of Workforce Development took steps to develop a
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resource center to help existing logging businesses that are interested in expanding
operations and to help new owners considering entering the logging business. A task
force was developed to provide recommendations and assist with developing a
resource center at Paul D. Camp Community College. This task force was named the
Southeast Virginia Logging Capacity Task Force and adopted the following mission
statement: “To facilitate an increase in logging capacity by providing training and
additional resources”. The task force consisted of representatives from the paper
industry, pellet industry, the VA Loggers Association, the VA Forestry Association, Paul
D. Camp Community College, consulting firms and Virginia Tech Forestry Extension.

METHODS

A mail survey was utilized to assess needs within the logging community and to help
prioritize efforts of the committee. A questionnaire was developed with assistance from
the Logging Capacity Task Force. The survey was developed and administered based
on the Dillman (2000) method and included questions to gather basic demographic and
operational characteristics from logging business owners as well as measures of their
interest in services the logging business resource center could offer. The survey also
included questions to identify barriers in relation to expanding operations to meet the
new demand for wood.

The questionnaire was distributed to southeastern Virginia logging business owners
using a mailing list of VA SHARP Logger program participants. The mailing list included
logging businesses located in Southeastern Virginia in the counties of Southampton,
Suffolk, Isle of Wight, Surry, Prince George, Dinwiddie, Sussex, Greensville, Brunswick,
and Mecklenburg. Questionnaires were mailed in November and December 2012.

RESULTS AND DISCUSSION

Thirty-six out of 75 eligible business owners completed the questionnaire, resulting in an
adjusted response rate of 48%. On average, respondents were 49 years old and had
operated their own logging business for 15 years. Thirty-six percent of respondents
were college graduates, 11% had attended some college, 47% were high school
graduates and 6% had attended some high school. On average, owners reported that
74% of their total production was pine. Firms had an average of 1.7 crews (Figure 1)
with an average total weekly production from all crews of 69 loads per week (Figure 2).
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Figure 1. Number of crews operated by logging business owners.
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Figure 2. Average current production level for logging businesses (truckloads per
week).
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Production levels were similar to those reported by Bolding et al. (2010) for logging
operations in the Coastal Plain of Virginia based on a larger statewide survey of logging
businesses.
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Business owner expectations for expansion

Eighty-six percent of respondents expected increases in markets for pulpwood and
biomass would bring substantial changes to wood markets that would improve their
business. When asked if they were considering expanding their roundwood harvesting
capacity by adding additional equipment or crew(s) in the next 1-2 years 22 of 36
respondents (61%) indicated they were currently evaluating whether or not to expand.
Most of the 22 respondents (73%) indicated “maybe” they would expand or that they
were likely to expand their operations (Figure 3). When asked if they would be more
likely to expand roundwood harvesting operations if there were additional sawtimber
markets, 76% responded “Yes”.

Figure 3. Likelihood of expanding roundwood harvesting capacity by adding additional
equipment or crews for respondents that are currently evaluating whether or not to
expand their harvesting capacity (n=22).
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Additional markets will utilize both roundwood and wood fuel chips, so an increase will
be needed in production capacity for both. Only 19% of respondents indicated they
currently harvested logging residues for wood fuel. Of those that did not, 50% indicated
they could effectively add a chipper and efficiently harvest biomass fuel chips from
logging residues such as limbs, tops, and non-merchantable trees. When asked how
likely they were to add a chipper or grinder to utilize wood fuel from logging residues,
most indicated “maybe” or that they were not likely to (Figure 4).

Barrett 2013 Council on Forest Engineering Annual Meeting page 4



Figure 4. Likelihood of adding a chipper or grinder to harvest wood fuel from logging
residues among respondents not currently harvesting wood fuel (n=30).
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Barriers to increasing production

The questionnaire provided a list of 10 issues that could be a barrier for logging
businesses considering an expansion of their harvesting capacity (Table 1).
Respondents were asked to rank each of the issues using a scale of 1 to 5 where 1 =
not a concern at all; 2= slight concern; 3=moderate concern; 4=very concerned; 5 =

extreme concern.

Table 1. Business owner response related to barriers associated with expanding logging
production capacity. Responses use the following scale where: 1 = not a concern at all;
2= slight concern; 3=moderate concern; 4=very concerned; 5 = extreme concern.

Barriers related to expanding capacity

Response Mean

Trucking and DOT regulations

4.22

Concern that demand will go down after investing in additional 3.83
equipment

Uncertainty about the long term stability of new markets 3.75
Concern that you won’t get a solid purchasing commitment from 3.72
wood consuming mills

Finding qualified truck drivers to deliver additional production 3.64
Finding enough suitable timber to harvest 3.61
Lack of markets for sawtimber 3.61
Environmental concerns and regulations 3.5
Finding suitable logging equipment operators 3.44
Obtaining financing to purchase additional equipment 2.92

The top three most concerning issues were: trucking and DOT regulations, concern that
demand will go down after investing in additional equipment, and uncertainty about the
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long term stability of new markets. Concerns related to trucking and trucking efficiency
have also been noted by previous studies (Lang and Mendell 2012, Baker and Greene
2008).

Business owner’s interest in using a logging resource center

Respondents were provided with a list of 10 possible services which Paul D. Camp
Community College Division of Workforce Development could offer to help existing
logging businesses that are interested in expanding operations and to help new
businesses considering entering into the logging business (Table 2).

Table 2. Responses from logging business owners related to the usefulness of potential
services offered by a logging business resource center at Paul D. Camp Community
College Workforce Development Center. Responses use the following scale where: 1 =
not useful; 2= slightly useful; 3=moderately useful; 4=very useful; 5 = extremely useful.

Potential Services a Resource Center Could Offer Response Mean
Establishing a co-op that provides savings on tools, supplies, and 4.39
fuel

Providing assistance to help comply with laws and regulations 3.72
Providing a truck driver training program 3.44
Developing a business plan to understand cost and potential return | 3.42
Providing a logging equipment operator training program 3.42
Providing assistance to evaluate operations using a logging cost 3.36
calculator

Providing assistance to help owners access various equipment 3.33
financing options

Providing business counseling services 3.14
Providing assistance locating timber hauling service providers 3.14
Providing assistance in evaluating equipment selection 2.5

Eighty-two percent of respondents indicated it would be helpful for the Paul D. Camp
Community College Division of Workforce Development to offer a logging business
resource center. Respondents were asked how likely they would be to use a logging
business resource center using a scale of 1 to 5 where 1 = definitely would not use; 3 =
may use; 5= definitely would use. Less than 17% responded with a 1 or 2 indicating
they would not likely use the services of a logging business resource center. The
remainder, over 83% indicated they may use, or would use the resource center.

CONCLUSIONS

With recently reopened mills and multiple new wood using facilities currently under
construction, southeast Virginia will likely see dramatic increases in wood utilization in
the near future. Most loggers believed that that predicted demand will be beneficial for
their operations. While not all businesses were interested in expanding roundwood
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harvesting capacity, many were considering the option of expanding harvesting capacity
for both roundwood and wood fuel. Even with almost certain expansion in markets, and
willingness among business owners, there can still be considerable barriers to
expanding logging operations. Logging businesses believed it would be useful to
develop a logging resource center at the community college and most indicated they
would use the services of the center. The mail survey was a useful tool for identifying
needs and helping the task force prioritize potential services they may offer. Rankings
of potential services will be helpful to the task force as they move forward to facilitate
logging capacity expansion by addressing issues such as transportation, business
planning, and assistance in complying with regulations.
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Abstract (Oral Presentation):

Successful logging contractors continuously seek ways to improve their
operations. The key to process improvement is accurate measurement of critical
metrics to obtain baseline data that can be monitored over time. There are many
tools, technigues, and technologies commercially available to monitor production
in forest operations, but they are almost exclusively for cut-to-length operations.
For example, computer technology is readily available in cut-to-length harvesters
to measure and record volume production, piece count, productive time, and fuel
consumption. Unfortunately, there are few options available for production
tracking with whole-tree systems. This is especially critical in Maine where over
80% of the volume harvested annually is with swing-to-tree feller bunchers. It
may take several weeks from the time the machine begins a new harvest to
when production can be estimated at roadside. An innovative logging contractor
in Maine has collaborated with the University of Maine to develop a prototype
system for a swing-to-tree feller buncher that automatically estimates, records,
and geo-references twitch sizes during active logging operations. We have
developed a relationship between hydraulic pressure readings in the harvesting
head to the weight of trees per accumulation. Pressure readings are recorded in
real time using a laptop computer in the cab and then converted to twitch weights
using a predetermined function. Preliminary results indicate that production
estimates are within 10% of the actual weight of logs on a loaded logging truck.
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Introduction

The logging industry in the Northeast United States has faced significant
challenges in recent years including a fragmented supply chain, rising fuel prices,
high equipment replacement costs and variable markets. Logging contractors
must continuously seek innovative ways to improve their operations to overcome
these challenges. As outlined by Coup et al. (2011) it is possible to apply
principles of statistical process control to forest operations, but the key to process
improvement is accurate measurement of critical metrics to obtain baseline data
that can be monitored over time.

There are many tools, techniques, and technologies commercially available to
monitor production in forest operations, but they are almost exclusively for cut-to-
length operations. For example, computer technology is readily available in cut-
to-length harvesters to measure and record volume production, piece count,
productive time, and fuel consumption. Unfortunately, there are few options
available for production tracking with whole-tree systems. This is especially
critical in Maine where over 80% of the volume harvested annually is with swing-
to-tree feller bunchers (Leon and Benjamin 2013) and where it may take several
weeks from the time the machine begins a new harvest to when production can
be estimated at roadside. The objective of this paper is to present a production
tracking system for swing-to-tree feller bunchers.

Approach

During the winter of 2012, researchers at the University of Maine collaborated
with a local logging contractor to determine a relationship between hydraulic
pressure at the harvesting head and the weight of trees accumulated in the head.
A pressure transducer (PX409 by Omegadyne Inc.) was inserted into the
pressure line on the lift-side of the main boom cylinder (Figure 1) on a 1996
Timberjack 608 with a Koehring 4542 harvesting head. The transducer output
(psi) links to a tablet computer at 1-second intervals through a USB connection.

Figure 1. Location of splice into hydraulic line for lift pressure readings. Transducer and
tablet computer are installed in the machine cab.
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In April 2012, a partial load of 20 tree length logs was weighed at a sort yard in
Passadumkeag, Maine using industry standard truck scales. An additional 12
tree length logs were numbered with spray paint, separately loaded onto the
same log truck and re-scaled. Weights of each numbered log were then
calculated by subtracting the previous scale reading. All logs were unloaded at a
separate yard in the facility (Figure 2). The 12 numbered test logs were picked
up separately (and in bunches) multiple times each with the boom extended 10 ft.
and 16ft. from the cab. The harvesting head (with logs) was lifted up from
ground position to simulate the movement of an actual tree harvest. The time for
each sequence of lifting was recorded to coincide with the 1-second readings
from the pressure transducer system.

Figure 2. Feller buncher boom extended to 10 ft. during preparations for testing in log sort
yard. Twelve numbered test logs in foreground.

The maximum transducer reading for each lifting sequence, as shown in a
sample on Figure 3, was compared to the known test log weights using simple
linear regression technigues in R (R Core Team 2012). Linear models were
developed for data collected with the boom extended 10 ft., 16 ft. and also for all
data combined.  Transducer readings for lift sequences using the 20
unnumbered logs from the partial load described above were used to calibrate
the linear models.
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Figure 3. Sample output from transducer system. Peak values within each lifting
sequence were used to compare with log weights and to develop linear models.

Results

Total log weight in this study was approximately 18 tons (35,880 Ibs). The 12
test logs weighed 14,540 Ibs. and the 20 calibration logs weighed 21,340 Ibs.
Peak readings from the lift sequences for each log showed considerable variation
which is not surprising given the nature of the boom movements associated with
swing-to-tree feller bunchers. As expected, both the pressure reading (PSI) and
the distance of the boom from the cab (DIST) were significant in the prediction of
stem weight in Model 1 (Table 1, Figure 4), but in Model 2 pressure reading

alone still explained 24 percent of the variation in the data.

Table 1. Regression coefficients and summary statistics for linear model to predict stem

weight (Ibs).
Model Adj. R° Coefficients Estimate Std. Error tvalue p value
1 0.42 Intercept -143.354 181.196 -0.791  0.430
PSI (psi) 1.043 0.097 10.780 <0.001
DIST (ft) -90.284 12.970 -6.961 <0.001
2 0.24 Intercept -281.336 204.797 -1.374 0.171
PSI (psi) -0.608 0.084 7.239 <0.001
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Figure 4. Model 1 prediction of stem weight (Ibs) based on boom extension of 10 ft. (solid
circles and thick line) and 16 ft. (open circles and thin line).

Discussion / Conclusion

Although the above models are not ideal to predict individual stem weight, the
important consideration is how well they predict the weight of a load of logs.
When each model was used to predict the weight of the 20 unnumbered logs the
results were much more meaningful and encouraging to the logging contractor
(Table 2). In fact, Model 1 only underestimated a 10 ton partial load by 9 to 10
percent. Clearly the effect of boom distance significantly limits predictions for
Model 2, but on average this model would only under predict by 13 percent.
More testing of the models during active logging conditions is required as there
are likely to be additional spikes in pressure during harvesting that were not
simulated in this study. Since whole-tree harvesting operations currently have no
mechanism to estimate production of feller-bunchers, this system is still a
significant step forward. This system is expected to aid in the production and
planning of biomass harvests specifically.
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Table 2. Comparison of predicted weight to actual weight for the 20 calibration logs.

Model Prediction Actual Difference

(Ibs) (Ibs) (%)
1 (Based on data at 10ft.) 19,253 21,340 -9.8
1 (Based on data at 16ft.) 19,359 21,340 -9.3
2 (Based on data at 10ft.) 16,153 21,340 -24.3
2 (Based on data at 16ft.) 18,632 21,340 -1.1

It is important to note that although prediction of stem weight is clearly improved
by the addition of boom distance from the cab (Model 1), this measurement is
neither constant during active operations nor easy to obtain. Until an automated
system is developed to measure boom extension, accuracy in the predictions will
have to be sacrificed by using Model 2 or using an average distance in Model 1.
This project is ongoing with recent addition of an electronic “trigger” in the data
recording system to indicate that a merchantable stem has been cut and that the
subsequent spike in pressure is the one to use in the model. Future plans will
incorporate an automated boom distance measurement using laser technology
and geo-referencing bunches by weight in the on-board GIS system. A full-scale
calibration of system performance on a biomass harvest operation is planned for
2013.
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Evaluating the system logistics of a biomass recovery operation in
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In the north coast of California some of the benefits of utilizing forest residues resulting
from harvesting operations include expanding current bioenergy generation, reducing
site preparation costs, and reducing hazardous fuels. Despite its abundance, uses, and
advantages, forest residues remain underutilized due to economic and operational
barriers related to the cost of collecting, processing, and transporting a product with low
market value. In this study, we evaluated the productivity and cost of every function in a
unique biomass recovery operation to determine cost effective system logistics. Costs
analysis determined a stump-to-power plant cost at $36.70 per bone dry ton (BDT) with
a one-way hauling distance of 15.5 miles. The system was divided into three segments:
collection, comminution, and transportation. Average costs per segment were, $8.63,
$17.11, and $10.97/BDT respectively. To control overall cost it is imparative to maintain
maximum productivity of the most expensive function (i.e. grinding in this study).
Therefore, upstream and downstream functions were examined to determine how they
influence the system. Regression analysis on the loader operation show a 33%
increase in cycle time when handling hardwood whole trees piled at a landing compared
to conifer slash piled within the unit. Analysis on a modified dump truck used in the pre-
haul, confirm that distance has a significant impact on overall centralized biomass
grinding operation: a 20% reduction in its productivity due to increase travel time
resulted in a 25% increase in grinding cost. A decoupled transport system used all
wheel drive tractors to haul hog fuel from the grinder to a trailer landing and regular
highway tractors to complete the trip to the power plant. This system was found to
reduce delays in loading and improved access to the grinding location. Through an
understanding of the complete system we could identify cost saving elements, adjust up
stream 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 electrical
power generation from alternative fuel sources on the north coast of California.
Currently, our processed sub-merchantable or small diameter trees, limbs, tops, logging
slash, and mill waste, power a third or 60 MW of Humboldt County’s electical demand
(Center 2012). County wide, its availability has been estimated to provide enough to
support up to 220 MW capacity (Williams 2007 - Report).

In addition to increasing power generation, the recovery of forest residues on
commercial timberlands has its benefits by significantly reducing site preperation costs.
According to Alcorn (2012), direct cost to remove piled residues is about the same as
burning it without the risk of fire and air quality issues. The total cost savings to
reforestation activities can range from $350/acre to $800/acre or more, when
consequent reductions in carbon emissions, fire risks and herbicide application are
considered (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 on
National Forests in northern California as an alternative to open pile burning as a way to
avoid negative effects such as smoke production, residual tree mortality, and the risk of
fire escape (Han et al. 2010).

Despite its abundance, use as an alternative fuel, and advantages in timber harvesting,
forest residues remain to be underutilized due to economical and operational barriers
related to the cost of collecting, processing, and transporting a product with low market
value. Pan et al. (2007) reported that average stump to energy plant production cost of
harvesting, processing, and transporting small diameter trees (< 10 inch) was
$55.27/bone dry ton (BDT), of which 47% and 23% of the cost are from transportation
and processing, respectively. They also suggested that improved system balance
reducing operational delays and utilizing residues already piled at the landing were
identified as ways to improve productivity and reduce cost.

Methods to improve transportation of residues from the stump to a centralized
processing area were also examined (Harrill et al. 2009). In this study, bundles were
loaded into hook-lift trucks and hauled to a centralized grinding area. The total
production cost to bundle, load, haul, and grind was $60.98/BDT. High system cost
resulted from poor system balance suggesting an improvement in pairing of machine’s
capacity and operational productivity could result in a lower biomass operations cost.

In a similar study, hook-lift trucks were used to haul slash piled at landings and
along road sides to a centralized location for processing. The total production cost of
$48.08/BDT was possible due to careful planning and strategic logistical arrangements
(Han et al. 2010).

Productivity and cost of hook-lift trucks used to remove slash piles from shaded
fuelbreak treatments not accessable by typical highway chip trucks were also examined.
Collection and pre-hauling (landing to a central grinding site) costs were observed at
$30.68/ BDT with a note that cost could significantly increase with an increase in
hauling distance (Han, et al. 2010).

In a more recent study, Anderson et al. (2012) reported a comparison between the
transport of slash to a concentration yard using 5th wheel end-dump trucks and



transport of ground material in high-sided dump trucks to the concentration yard.
System costs were comparable at $23.62 and $24.52 respectively. In both cases, the
system was dependent on appropriately balancing productivity rates of individual
machines.

In all these studies, an understanding of individual machine productivity and cost
was essentail in determining an efficient system balance. To improve our knowledge of
cost reduction methods and system balance techniques, this study investigated the
production cost of collecting, processing, and transporting forest residues from mixed
conifer clear cut harvests on the north coast of California. The emphasis of this study
was to identify key variables that influence the productivity of individual functions in an
attempt to create system balance and control cost.

Study Methods
Study site and biomass recovery system description

The study was conducted on a private industrial timberland in northern California
that typically utilizes clearcut harvesting methods. Forest residues in the form of limbs,
tops, small diameter trees, and sub-merchantable trees of mixed conifer and whole-tree
hardwood were piled along the roadside, at landings, or scattered throughout the
harvested units. We selected six separate units for this study ranging from 7 to 33
acres in size. 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 removed ranged
from 12 to 55 BDT/acre and was dependent of harvest unit size, harvesting method,
and access (Alcorn 2012).

The study observed the collection, comminution, 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 from
piles at roadside landings, piles within the unit, or from compiling scattered residues. Its
primary function was to load an all-wheel drive 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 when whole trees or
long limbs/tops are loaded beyond the extended tail end. In addition the truck used
skidder tires for increased traction as it hauled material over native surface spur and
single lane roads with an average grade of + 4% to a centralized processing area.

The comminution segment was the central part of the biomass recovery
operation logistics. It incorporated a majority of the machines beginning with the dump
truck delivering material to the loader. The loader (Linkbelt 3400) using a rotating 7 tine
grapple, swung dumped material 90 -180 degrees onto the grinder’'s (Perterson Pacific
5710C) infeed conveyer. After processing the hogfuel was fed via conveyor into a
positioned chip trailer. This segment of the operation required adequate space to
accommodate every machine.
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Figure 1. Description of the biomass recovery system logistics and its three major
components observed in this study.

The transportation segment was de-coupled using two to three trucks to haul
from the grinding area to a staging area and two to four truck to haul from the staging
area to the power plant. All wheel drive (AWD) truck tractors, modified from cement
trucks, were used to haul loaded chip trailers an average of two miles, one—way
distance, to the staging area. The truck would leave the loaded trailer and pick up an
empty one and return to the grinder. An additional truck and empty trailer was
positioned close to the grinding area to quickly move in and replace the loaded chip
truck. The staging areas were located either in existing parking areas adjacent to the
highway or roadside on well traveled, wide, two-lane, rocked roads. Returning highway
chip vans would leave an empty trailer and pick up a loaded one to deliver to the power
plant. The observed round trip travel was 30 miles for both AWD trucks and highway
chip trucks.

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. Detailed time study data was collected to estimate machine productivity and
production cost using standard work study techniques (Olsen et al. 1998). Time
duration of cycle elements and delays for each machine were recorded using centi-
minute stop watches. Independent variables hypothesized to have an influence on
machine productivity were also recorded for each cycle. Calculations were performed
using R 2.15.1 statistical software program (R, 2012). Moisture content of samples
collected from chip trailers were used to calculate BDT weights used in determining
production rate (BDT/productive machine hour (PMH). Distance, speed, and road



grade for transportation of slash and ground materials were collected using a hand-held
Garmin Csx60 GPS unit placed in the machine and analyzed using ArcMap 10.0.

Cycle elements for the loader filling the dump trucks included swing empty,
grappling, and swing loaded. Pile type (whole tree, slash, or mixed), pile location (pile
in unit, at landing, or scattered), pile species (hardwood or conifer), and arm swing
degree, were estimated visually as predictors for regression analysis. Time associated
with movement to new pile and compiling material was recorded to evaluate its
contribution to productivity.

Dump truck cycles included travel empty, positioning empty, loading, travel
loaded, positioning loaded, and dumping. Slope and distance were recorded when
traveling and positioning. Material type (whole tree or slash) placed in the truck was
also recorded.

Productivity of the loader and grinder was evaluated on total time to fill a chip
trailer. Productivity of the two machines was assumed to be the same because any
delay in the loader could also be considered a delay in the grinder. Samples of ground
wood materials were taken every other load and moisture content was measured. The
number of dump truck loads per trailer was also observed to calculate the average
dump truck load weight.

The all-wheel-drive tractor and highway tractor and trailer had similar cycle
elements including traveling loaded, positioning loaded, unhooking, travel to empty
trailer, positioning to hook up trailer, hooking up trailer, travel empty, positioning empty,
and loading. Instead of loading the highway tractor was unloading. Other variables
such as distance of each travel segment, average road slope, weights from scale
tickets, and road type, were recorded.

Results and Discussion
Loading activity analysis

The average cycle time for the loader in the unit was one minute. The largest
time component (48%) was spent compiling. (21%) was in grappling material.
Swinging loaded represented (18%) which was greater than swinging empty at (13%).
It took 4.27 min. or 9.97 cycles on average to load a dump truck. Productivity and
production costs are summarized for all machines in (Table 1.) below.

Regression analysis indicated an increased in cycle time when handling material
from whole tree piles compared to slash piles. This could be explained by the difference
in size and length of the material making it more difficult for the loader to handle. Pile
location also influenced cycle time. Scattered material increased cycle time more than
piles at landings, while piles within the unit reduced cycle time. Hardwood species
material increased loading time over conifer.



Table 1. Productivity and Cost of a biomass recovery system including centralized
grinding operation in northern California.

1

Machine Productivity Cost Ave. Distance
(BDT/PMH) ($/BDT) (miles)
Loader in Unit 46.57 4.36 -
Dump Truck 26.16 4.27 0.96
Loader 38.04 5.33 -
Grinder 38.04 11.78 -
AWD Chip Van 26.47 4.59 4.25
Highway Chip Van 14.08 6.38 26.00
Total Stump to Truck 25.74 0.96
Total Transportation 10.97 30.25
Total 36.70 31.21

'Round-trip distance.

Dump truck pre-hauling operations

The dump truck round-trip cycle time averaged 13 min. traveling an average
distance of 0.9 mi. on a grade of £ 4%. On average it traveled 9.3 miles per hour (mph)
carrying 5.63 BDT per trip. Total cycle time was divided by loading (34%), traveling
loaded (23%), traveling empty (20%), postioning empty (13%), positioned loaded (4%),
and unloading (5%). The difference in loaded and empty travel could be explained by
load weight and slower travel speeds to avoid material from falling off the back,
especially on steeper road grades. Positioning empty distances were variable and
typically longer compared to loaded positioning time. This could account for the greater
empty positioning time.

Regression analysis did not show any significant variable (p-value < 0.05)
influencing cycle time when examining travel time, slope, and material type. However, a
reduced model regressing delay-free time by total distance traveled was highly
significant. Coefficients were used in a sensitivity analysis to shows production cost
starting at $2.25/BDT at a quarter mile round-trip distance and increasing $0.40/BDT for
every quarter mile.

Centralized grinding productivity and cost

The productivity of both the loader and the grinder in the centralized grinding
operation were assumed to be the same. The grinder processed an average of 17.15
BDT in 26 min. for an average production rate of 38.04 BDT/PMH. The grinder had the
highest machine cost ($448.02/BDT) compared to any other machine in the study.
Production cost was $11.78/BDT for the grinder and $5.33/BDT for the loader for a total
of $17.11/BDT.

Transportation of ground materials to a power plant

The AWD tractor and trailer averaged 48 min. per cycle on a round-trip distance
of 4.25 mi. The greatest percentage of time (53%) was spent during “hot” loading.



Traveling empty and positioning for loading (15%) was greater than traveling loaded
and positioning for unloading (12%). Empty travel time may have been greater as a
result of radio communication between grinder-loader and driver, reducing the urgency
to rush back to get into position. In addition, positioning empty distances were greater
and done at the congested grinding site. The transfer of trailers by unhooking loaded
trailer and hooking up empty trailer represented (10%) while (9%) was waiting in
position to be loaded. It should be noted that production cost could significantly
increase with an increase in hauling distance. Sensitivity analysis shows that
production cost increases $0.22/BDT every additional quarter mile round-trip distance.
More data was needed to develop a regression to model this function and develop
further analysis.

The standard highway tractor and chip trailer traveled an average of 26 miles
round-trip with a cycle time of 73 min. Travel empty time (29 min.) was nearly the same
as loaded travel time (31 min.). Average speed on two-lane rock road was 27mph for a
round-trip distance of 19 mi. Average speed on two-lane paved roads was 31mph at a
distance of 6.8 mi. A single observation of highway transport provided a speed of 55
mph for a distance of 78 mi. This observation was not used in calculating productivity
and cost. A sensitivity analysis was done to estimate the difference in production cost
based on road type. Two-lane rock and paved road speeds were averaged together
and compared to the highway speed. Production cost was 2.3 times greater for two-
lane rock and paved roads compared to highway travel. This is due to slower travel
speeds resulting in an increase in cycle time.

System balance directly affecting productivity and cost

This operation involves 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 an overall production cost. Unused capacity resulting from an imbalanced
system will reduce units of output increasing fixed costs of under-utilized functions and
drive up per unit production cost (Rummer, 2008).

The highest per unit production cost observed was the grinding operation ($17.11/BDT).
To minimize total production cost, the operation would first need to maximize
processing productivity by reducing any delay created between loader and grinder.

Four percent of the total time observed was in operational delay. Of the four percent,
71% represented waiting on the dump truck to deliver material. Upstream delay could
have come from either the loader or the dump truck. Observations of the loader
revealed less than one percent delay. The dump truck experienced a 17% delay while
waiting for a dump truck to pass and allow access. This suggests that road network and
turnouts can have a downstream effect on productivity.

Balancing the collection segment to match grinding production can be
challenging when considering the spatial diversity of the material. To assist in balancing
upstream functions a sensitivity analysis was conducted to calculate the productivity at
different travel distances. A dump truck could travel 0.75 miles round-trip and meet the
38 BDT/PMH grinder demand. At 2.5 mi. productivity drops to 19 BDT/PMH or 50% of
the demand, requiring an additional truck to keep the system in balance and the overall



operational cost at a minimum. The effects of decreased dump truck productivity on
loader and grinder cost were also analyzed. It was found that a 20% drop in production
would result in a 25 % increase in grinding cost or $3.86/BDT (Fig. 2).
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Figure 2. Loader and grinder cost as a function of dump truck productivity.

A de-coupled transportation system was used to control delays created from
downstream production. This divided the transportation distance allowing AWD trucks
to return quickly with an empty trailer. During the operation only a two percent
operational delay was observed. Time spent positioned waiting to be loaded (4 min.),
was not considered delay time. This buffer ensured that a truck was always available to
load, reducing any delay to the grinder. In this operation, if an additional mile was
added to the transfer location, the added travel time would have required an additional
truck or delay could have been created. The loaded trailer pick up at the transfer
location required that an empty trailer be available every 26 min. Eight empty trailers
were used to ensure availability. The loaded trailers were taken to one of three local
power plants located 13, 31, or 57 mi. away. The observed delays while waiting to be
unloaded (12%) had no effect on the operation.

The total system cost for this operation using one to two loaders in different units,
two to three dump trucks traveling an average of one mile, a loader and grinder, two to
three AWD tractors traveling an average of 4.25 miles, three highway tractors traveling
an average of 26 miles, and eight trailers was $36.70/BDT. This must be read with the




understanding that the calculated cost is pure production cost not including overhead,
profit allowance, or supporting equipment needed in the operation. These cost figures
can also increase with an increase in transportation distance.

Conclusion

This study evaluated the productivity and cost of a biomass recovery operation
logistics to identify key variables that influence the productivity of individual functions in
an attempt to create system balance and reduce production cost. Total production of 38
BDT/PMH was observed at a total stump-to-truck cost of $36.70/BDT with a range of 14
to 38% moisture content.

The cost to load material into the dump trucks was $4.36/BDT. Productivity
increased when handling loose slash material over whole tree material. Loading piles
from within the unit were found to be more productive than piles at landings. Modified
dump trucks used in the pre-haul were effective in transporting material over single lane
forest roads to a centralized grinding location. Productivity was 26.16 BDT/PMH at a
cost of $4.27/BDT on an average round-trip distance of 0.9 mi. Sensitivity analysis on
distance shows an increase of $1.60/BDT for every additional mile. The loader and
grinder together processed 38.17BDT/PMH at the highest production cost of
$17.11/BDT. AWD tractors pulling chip vans moved 26.47 BDT/PMH over an average
of 4.25 miles at a cost of $4.59/BDT. Sensitivity analysis shows a $0.63/BDT increase
for every additional mile. Transportation of 14.08 BDT/PMH to the power plant,
averaged 26 miles round-trip at a cost of $6.38/BDT. Sensitivity anlysis shows that rock
road travel cost $0.12/BDT/mile and $0.06/BDT/mile for highway travel.

Analysis on upstream productivity predicts a 25% increase ($3.83/BDT) in grinding
production cost when there is a 20% decrease (7.6 BDT/PMH) in dump truck
production. Utilizing a de-coupled transportation system with with an adequate number
of trailers successfully eliminated any delays on grinder productivity.

This study provides a stump—to-power plant productivity and cost for every machine
in the biomass recovery system. In addition sensitivity analysis on travel distances for
transport machines provides additional information to better understand total production
cost. The cost estimates are limited to pure production cost and does not include any
other cost information.
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Comparing whole tree to tree-length fuel reduction thinning
operations: cost and actual amounts of biomass removal
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Abstract

Biomass equations, vegetation models, and remote-sensing techniques are often used
to estimate potential amounts of biomass supply for bioenergy. However, due to
different harvesting and handling methods actual amounts of biomass removed are
usually less than estimated. Quantifying lost biomass when applying different biomass
removal methods in mechanical fuel reduction thinning has not been clearly studied.
Accurate estimates of actual amounts of biomass removal and supply are critical to
economic analysis of biomass utilization. A replicated, field-based study to determine
the efficiency and the cost of biomass removal using two mechanical fuel reduction
treatment methods (whole tree and tree-length thinning) has been conducted in two
units of the Salmon-Scott RangerDistrict, Klamath National Forest. Pre- and post-
treatment timber cruises and downed woody debris surveys have been collected to
determine the amount of standing and forest floor biomass before and after treatment
for each replicate. Detailed time studies of operations were conducted to estimate
biomass removal cost. Felling, skidding, processing, and loading operations were
observed. Log truck scale data, as well as sample log volumes were collected to
determine sawlog removal and to estimate volume per machine cycle. We hypothesized
that there would be a greater biomass removal from the whole tree thinning compared
to tree-length. That is, we expect to see more biomass left on site in the tree-length
units, directly affecting the amounts of biomass removed and delivered to an energy
plant. Mechanized felling and whole tree skidding in whole tree thinning would increase
productivity resulting in lower costs, compared to tree-length thinning.
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Abstract

SNAP for ArcGIS is a computer software developed to streamline harvest area analysis for
spatially-explicit timber harvest scheduling and transportation planning at a project level. This
planning tool uses modern scheduling and network algorithms to develop harvest schedules up
to three time periods with consideration of harvesting options and costs, multiple timber
products, alternative mill destinations, and road systems. SNAP for ArcGIS attempts either to
maximize net present value (NPV) or minimize discounted costs of harvesting and
transportation over the planning horizon, while meeting given harvest volume and acreage
constraints per planning period. With SNAP for ArcGIS, the user can generate vegetation
management solutions that are cost-effective and operationally feasible under given
management goals and strategies.

The potential users of the tool are project planners and logging engineers who have basic
knowledge of timber harvest and transportation planning, silvicultural prescriptions, and
geographic information systems. SNAP for ArcGIS can be also used as an educational tool in
classroom, workshop, and professional training that provides students with insight into the
dynamics and complexity of tactical and operational planning for timber management.

Introduction

Forest managers have to make decisions on forest management activities and access roads
when managing forest resources. Most forest management is engaged with access roads, but
simultaneous planning of the resource management and transportation constantly becomes a
challenge due to the increase of problem size and complexity of such planning problems. Early
efforts to integrate the two problems include mixed integer programming approaches, but
those approaches are significantly constrained by the problem size. To overcome the limitation
of the MIP solution techniques, heuristic optimization approaches have been introduced to
forest planning, aiming to quickly produce good and feasible solutions, without necessarily



providing a guarantee of solution optimality (Bettinger and Chung 2004, Bettinger and Zhu
2006). Scheduling and Network Analysis Program (SNAP; Sessions and Sessions 1993) was an
example of a decision support system that solved integrated tactical planning problems using a
series of heuristic optimization approaches. However, the old SNAP program developed for the
MS-DOS environment, does not work in modern computer operating systems.

SNAP for ArcGlIS, a new version of SNAP, has been developed to provide an easy-to-use
spatially-explicit forest planning tool that simultaneously optimizes resource scheduling and
transportation problems, while taking advantage of modern computer operating and
geographic information systems (Chung et al. 2012). Combining a simulated annealing
optimization technique (Kirkpatrick et al. 1983) with a network algorithm (Chung and Sessions
2003), this new tool is able to solve a forest-level harvest scheduling problem and build efficient
road networks that make selected management activities possible. In this paper, we introduce
the tool in the context of presenting its potential as a spatially-explicit forest planning tool as
well as an educational tool for forestry students, engineers and managers.

Overview of SNAP for ArcGIS

SNAP for ArcGIS (hereinafter referred to as SNAP) is a computer software developed to
streamline harvest area analysis for spatially-explicit timber harvest scheduling and
transportation planning at a project level. SNAP attempts either to maximize net revenue of
timber harvest or minimize costs of harvesting and transportation, while meeting given harvest
volume and acreage constraints. SNAP can be used to generate a straight automated harvest
solution, or to simulate management alternates with user directed manual control to help
decision makers identify economic and operationally feasible tactical area plans.

Potential users of SNAP are project planners, logging engineers and land managers who have
basic knowledge of timber harvest and transportation planning, silviculture, and geographic
information systems. Developed using Microsoft Visual Studio 2010, the tool was developed as
an ArcMap toolbar working in the Windows 7 operating system.

As input data, SNAP requires two shapefiles: harvest unit polygons and road network (Figure 1).
Required attributes for individual harvest unit polygons include acres, current merchantable
timber volume per acre by product, harvest unit status (i.e., eligibility or restriction of harvest),
dominant seral stage, silvicultural treatments, and stump-to-landing harvesting system options
with estimated costs and log landing locations. For individual road segments, the user needs to
provide distance, estimated construction cost, maintenance cost, average travel speed for the
design vehicle (e.g., log truck, chip van, log forwarder), and types of transportation (e.g., ground,



aerial or water). Additional information required for the analysis includes alternative mill
locations and delivered prices of timber products at each mill.
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Figure 1. SNAP for ArcGIS toolbar shown in ArcMap, and examples of datasets required by SNAP
for ArcGlS.

Solutions generated by SNAP include recommended actions about where to harvest, when to
harvest, and how to harvest selected treatment units (Figures 2 and 3). Through solution
interpretation, the user can also identify locations of necessary and unnecessary road
segments for the project area, timber volume flows over the road system during the planning
horizon, and the selection of mill destinations for given timber products. These transportation
analysis results may be useful for future forest road management decisions, such as road
construction, upgrade, maintenance, or decommissioning.
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Figure 2. An example of a solution generated by SNAP for ArcGIS. Colors of treatment polygons
represent different harvest periods. Thickness of the brown solid lines represents amount of
timber volume flows along the forest roads, while black dashed lines represent unnecessary
road sections for the selected treatment polygons.
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Figure 3. A summary output table generated by SNAP for ArcGIS, presenting the solution in

terms of harvest volume in each time period and estimated costs and revenue.

The powerful analytical feature of SNAP is the ability to simultaneously solve timber harvest

scheduling problems with transportation network access and product routing problems. The

user can easily estimate net revenue of timber harvest in each harvest unit, and identify “easy”

or “challenging” units across the project area from the financial standpoint (Figure 4).

Another powerful feature of SNAP is that, once the database is built for the project area, the

user can run the model multiple times to test various management scenarios and the sensitivity

of assumptions. These analyses enable the user to better understand forest capacity, illustrate

present product availability, develop a suitable management strategy, and address the effects

of proposed actions on changes in forest products, structure and conditions of interest over

time. For example, by maximizing net revenue of timber harvest without any volume or

treatment acreage constraints, SNAP can select and display the treatment units that yield

positive net revenue (“easy” units) for timber harvest. If the user requires a higher timber

volume than what the “easy” units can produce, SNAP will start including negative net revenue-

yielding units into the solution to meet the higher volume requirement. Through these

iterations, the user can identify the appropriate harvest level for the project area to best meet

the given management goal and strategy.



In addition, the user can easily override the SNAP solution and re-run the model to examine
manually developed harvest plans or analyze trade-offs among different harvest and road
options. This is particularly useful when projects move into environmental analysis phase and
the effects of alternatives are being compared. Because SNAP is an ArcGIS-embedded program,
the user has all the functionality of ArcGIS, making it an easy task to handle large amounts of
spatial data as well as display SNAP solutions and outcomes of interest at the user’s preference

(Figure 5).
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Figure 4. A map presenting the financial feasibility of each treatment unit. Blue polygons
indicate treatment units that can generate large positive net revenue, whereas red polygons
are the treatment units where harvest costs largely exceed timber revenue, thus yielding large
negative net revenue. Grey polygons represent the treatment units that are in between those
two ends of the net revenue spectrum.
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Figure 5. An example of an output map presenting distribution of resulting seral stages after
harvest in time period 3.

Concluding Remarks

Consisting of an ArcGIS user interface and a heuristic optimizer, SNAP for ArcGIS is an easy-to-
use forest planning tool that spatially optimizes timber harvest and transportation system. In
addition, SNAP for ArcGIS can be used as an educational tool in classroom, workshop, and
professional training. Students can easily learn and understand dynamics and complexity of
tactical-level forest planning through the processes of 1) data gathering and development, 2)
testing of various management strategies, and 3) solution acquisition and interpretation.
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Projecting the Future of Idaho’s Contract Logging Sector

Keith Coulter!, Steven R. Shook?

Abstract

Logging firms supply raw materials in the form of sawlogs, pulp chips, and biomass to
the wood consuming primary forest products industry’s (PFPI) milling sector of Idaho.
Idaho's PFPI has experienced tremendous raw material supply disruptions (e.g., large
withdrawals of federal timber) and industry restructuring in the last twenty years. Today,
there are fewer and more geographically distanced mills/commercial forest landowners
for logging firms to engage in contract for services. Idaho's logging firm sector is
adapting to these changes and would benefit from the ability to anticipate future impacts
to the operating interface between logging firms and forest landowning mills/commercial
forest landowners. Through the use of in-depth interviews of PFPI stakeholders, results
were used to assist in an industry level strategic planning assessment of Idaho's logging
firms. Among other PFPI sector participants, the study surveyed the Associated Logging
Contractors of Idaho membership. A total of 171 logging companies were contacted and
61 firms agreed to be interviewed for this study, resulting in a 35% effective response
rate. The study’s participants state they frequently cannot expect to procure a
satisfactory level of annual work volumes necessary to optimize their company’s assets,
leading to chronic layoffs, labor challenges, poor financial returns, and sector-wide
reluctance to invest in further modernization. Grappling with periodic inadequate raw
material supply for the number of currently participating logging firms, an improved
future would focus on reducing logging firm numbers and elevating minimum standards
of efficiency. Bidding against competing logging firms may become the industry norm
according to study participants.

Introduction

The forest products industry is an important economic and cultural contributor in Idaho,
employing over 15,000 workers and ranked eighth in the nation for overall wood
production (Cook and O’Laughlin 2006). The primary forest products industry (PFPI) of
Idaho consists of logging contractors and the firms (mills) that use the raw materials
logging contractors produce (e.g., saw logs, pulp, wood fiber) for manufacture into
lumber, paper, and wood panels (Brandt et al. 2012). Idaho’s PFPI has experienced
tremendous raw material supply chain disruptions in the last twenty years, in part due to
a severe decline in stumpage availability from federal lands in Idaho (Morgan et al.
2004). Mills/mill ownerships in Idaho’s PFPI have been merged to fewer, geographically
dispersed facilities that are located near reliable supplies of reasonably priced private
and state raw material sources. The greatest decline in terms of employment and
number of production facilities, has been in the sawmilling sector, though the total
annual sawmill production volume has not declined (Morgan et al., 2004). Among other
factors, structural change in the sector may conflict with many logging contractors'
business models.

L afognakkfp@gmail.com, Koncor Forest Products, PO Box 1159, Kodiak, AK 99615
2 shook@uidaho.edu, Professor of Marketing, Univ. of Idaho, PO Box 443161 Moscow, ID 83844
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Many contractors’ business models rely on the contracting relationship with forest land
owning mills. By massing more logging contractors on fewer mills, a structurally
asymmetric industry is created (Mei and Sun 2007). In the past, numerous mills in Idaho
were vertically integrated forest products companies, with a primary goal of long-term
forest management. In recent years, many forest product firms' business structures
have reorganized to reduce operating costs into real estate investment trusts (REITS)
and timberland investment management organizations (TIMOs). The long-term
management of these organizations does not necessarily focus on forest management
solely, perhaps suggesting a less symbiotic logging contractor and mill relationship than
in the past. An alternative business structure for these companies incorporates the real
estate potential of land assets on the open market to generate revenue (Brandt et al.
2012).

Idaho's logging contractors are adapting to these sector changes. The PFPI employs
independent logging contractors as a strategy for managing risks, uncertainties, and
rigidities in production (Prudham 2002). In doing so, the firms (mills/‘commercial forest
landowners) can transfer the costs incurred in natural resource-based production onto
independent logging contractors. Thus, the firm is no longer encumbered with the
liability of wages, benefits, labor issues, safety, costs of equipment ownership, and
some production issues directly related to market volatility.

Given the changes in the industry sector, what does the future hold for Idaho’s contract
loggers? This paper examines the logging contracting interface with large, commercial
forest land owning mills (fee lands)/commercial forest landowners and what influences
may affect the future viability of logging contracting in the state. The motivation for this
research stems from concern surrounding work force sustainability issues in Idaho's
logging contractor sector (other efforts include
http://www.idahoforests.org/img/pdf/WorkforceSurveyFINAL.pdf). There is evidence that
the logging contractor workforce in Idaho is demographically shifting, with older workers
and fewer new entrants poised to take the place of exiting firms (Allen et al. 2008).
There is also considerable speculation surrounding the reasons why labor is becoming
more difficult to attract to this segment of the PFPI, as well as concern about the long-
term financial viability of the logging contracting sector in Idaho in general.

Without a robust logging contracting sector, the competitive advantage of Idaho's milling
infrastructure could suffer from chronic supply chain disruptions, increased raw material
costs, and disruptive business uncertainty. Periodically, academic and trade association
groups have attempted to capture the profile (e.g., demographics, harvesting methods,
operational characteristics) of Idaho's logging contractors (e.g., Allen et al. 2008). In
general, that information only provides "point in time data" of the sector and does not
reveal potential future trends useful for strategic planning purposes. Also, similar survey
endeavors from other geographic regions of the United States, such as the South, have
vastly different industry structures (for both the mill/landowner sector and logging
contractor sector) and cannot be reliably used as a barometer for Idaho's future
operating environment (e.g., Green et al. 2001, Luppold et al. 1998, Munn et al. 1998).
Reports concerning Idaho and the inland west areas (e.g., Brandt et al. 2012, Keegan et
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al. 2005 and 2006) are published on an annual basis; these reports monitor primary
processing of logs into lumber/value added. However, these efforts do not include an
assessment of logging contractors, which can significantly influence PFPI performance.
The ability to anticipate future impacts and drivers of Idaho’s PFPI would be valued
information for ldaho’s logging contractors and milling sectors. The overall goal of this
paper is to outline the future operating environment of the PFPI in Idaho by gathering
information that is based on the professional judgment of logging contracting business
owners and senior management of the large industrial mills and commercial forest land-
owners throughout the state. This knowledge can assist in the strategic planning for
logging contractors within Idaho's PFPI.

Methodology

Access to proprietary information that could provide insight and fuel a quantitative
analysis of the interface between Idaho's logging sector and PFPI is not readily
available. As an alternative, this study used an inductive and qualitative approach to
determine sector stakeholder issues through a literature search for current industry
challenges and forming these challenges into open-ended survey questions. In-depth
interviews were performed to assess the challenges facing those portions of the primary
forest products sector(s). The target populations included (1) logging contractors, (2)
policy-setting managers from fee land owning mills, (3) commercial forest landowners,
(4) non-land owning mills, and (5) the State of Idaho. The sampling frame for the
contract loggers of Idaho was the 2009 membership list of the Idaho's Associated
Logging Contractors (http://www.idahologgers.com).

All interviews were digitally recorded and then transcribed. Once completed, the
transcriptions were read independently by two researchers to develop an understanding
of the overall content and to highlight specific characteristics of the data (Amberg 2008).
Coding of responses was used to discover reoccurring patterns and themes that
emerged from the content of the interviews. These observations were then noted and
organized into general categories relating to broad or specific perceptions that logging
contractor business owners and managers maintain about the future of that sector of
Idaho’s PFPI.

Results

A total of 171 logging contractors were contacted for participation in this study; 110
contractors did not respond. Thus, a total of 61 contractors agreed to be interviewed for
the study, resulting in a 35% effective response rate. Both mills and commercial forest
land owning organizations were identified during interviews of logging contractors who
were asked to name the firm(s) in which they contracted their own firm’s business. In
addition to this, the Idaho Forest Products Commission website
(http://www.idahoforests.org) was used to identify mills that were not specifically
identified by the logging contractors. Mills that own fee land and large commercial forest
land owning firms were the main focus of this study. As a consequence of the
consolidated structure of that portion of the PFPI in Idaho, one mill ownership group
may own multiple mills, so the sampling population size (5), while seemingly small,
actually captured much of the targeted population’s total annual production. Eleven mills
were interviewed that did not own any substantial forest land acreage and,

Coulter and Shook 2013 Council on Forest Engineering Annual Meeting page 3



consequently, required no contract loggers because they purchased their raw materials
on the open market. The State of Idaho’s Department of Lands (IDL) was also included
in the forest land owning firm category, and a short survey instrument was directed at
upper level management personnel within that government organization. IDL offers,
through auction on the open market, several hundred million board feet of timber on an
annual basis to fulfill constitutional obligations of the State. IDL interview questions
focused on the effects that state timber sales have on the private forest products
industry market.

The following excerpts outline a portion of the most salient topics revealed by survey
participants:

Continued loss of markets/mills or milling consolidation:

(Logger) “Just less mills and the same amount of loggers.”

(Mill) "But the company can’t handle the potential inherent inefficiency. And so, again,
we used to keep a lot of contractors around that we exited in the last several
years. And the good contractors came back and said, 'Gosh I'm glad you finally
did that. Here this guy was taking volume away from me, and | know his quality ...
they were nowhere near what I've been doing for you.' ... but in our old mindset,
you know, we were helping everybody along, and so forth, and probably costing
everybody a lot."

Loss of federal lands as a source for raw material:
(Logger) "Well, there’s a lot of wood out there. Like on the Targhee National Forest
where | logged for years, they just quit putting wood up and shut it down."

Chronic layoffs:

(Logger) "We went from working year round to working six months a year. And we
would be thankful for six months. So that makes it tough for our people that ...
you know, everybody’s starting to lose people, because ... guys can’t hang
around and work six months out of the year.”

Mill Supply Chain Management and Logging Contractor Firm Size

Putting logging contractors at a disadvantage, mills maintaining many logging
contractors during peaks in production when additional supply is required, continues to
be the model for supply chain management at many Idaho mills. This surplus logging
capacity is maintained by contractors, whether used or not, to account for spikes in
production demands. During periods when less raw material is necessary, logging
contractors are essentially shut off, essentially sub-optimizing the operating season,
and/or placed on quotas to manage raw material inventories required by Idaho’s mills.

Many Idaho forest products companies have been replaced by firms with advanced
communication systems and information technologies that have the ability to capture
the supply chain operation over disparate production networks (Prudham 2002). While
there are several variations in logging contractor sizes and abilities, successful future
logging contracting firms will likely become larger, automated, flexible, versatile, and
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more able to quickly adapt to the parent firm's (mills) changing domestic and
international marketing demands and "just in time" saw log inventory management.

Improving Harvesting Efficiency and Reducing Harvesting Costs through
Bidding/Contractor Timber Sale Purchases

An improved logging sector in the future may be accomplished by maintaining fewer
logging contractors and focusing more on the remaining contractors' efficiency
standards. Placing all timber harvesting jobs out to bid would likely result in incentivizing
logging contractors to make every effort to increase automation and efficiencies to be
cost competitive and profitable. At the same time, it would also reduce the number of
logging contractor operations, thereby decreasing competition and increasing
sustainable business over the long term. Increasing the number of predictable harvest
volumes per logging company may also urge logging contracting businesses to increase
hourly shift levels for machines and employees. This could be accomplished by
spreading the capital intensive costs of harvesting machinery over more scheduled
machine hours per year, while also matching equipment technology to specific
harvesting applications, allowing operation of more days per year. Logging contracting
firms can take a cue from their counterparts in the PFPI (mills) and increase their sizes
through mergers and acquisitions. By expanding harvesting firm size and increasing
economies of scale and scope, the remaining logging firms can more readily compete
against a smaller pool of rival firms for relatively scarce harvest volume.

During the interviews, it was discovered that one particular non-land owning commodity
producing lumber mill that relies heavily on Idaho State timber sales to supply its
sawlogs has shifted its use of logging contractors. Instead of soliciting bids from logging
contractors and then hiring them to harvest sales the mill purchased from the State, the
mill has opted for an “all gatewood” supply approach. This strategy involves the logging
contractors purchasing the timber sales themselves instead of being hired by the mill,
thus reducing the logging contractor's harvesting costs, which the mills suggested were
higher than average in the interviews. Having the logging contractors take over the
timber sales relieved the mill of oversight of these contractors. The logging contractors
were also perceived to be more efficient since they had to be price competitive in order
to achieve the highest return for themselves when they sold the gatewood to the mill.
Additionally, logging firms that were able to purchase land and harvest timber from it
and re-sell the parcel appeared to have more autonomy, better access to diversification
opportunities, and a more promising future outlook than those firms conditioned only to
working for the remaining mill(s) in their area.

Discussion

While part of a broader study of Idaho's PFPI, this paper explores the specific
challenges facing logging contracting firms in Idaho by using in-depth interviews of
logging contracting firm owners and senior management of Idaho mills who contract
with logging firms for their raw material needs. Perhaps the most influential future sector
driver is the number of housing starts nationally. Mediocre housing starts and a
stagnant economy will stifle Idaho’s PFPI regardless of steps taken to prepare for
opportunities or threats. Interview results exposed a less paternalistic contracting
relationship between logging firms and mills than was experienced in the past. In the
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future, individual logging firms cannot expect mills to provide one harvest unit after
another throughout the operating season. Instead, open bidding used as a price control
mechanism by mills may become standard operating procedure. Logging firm owners
will have to determine the level of investment that they are willing to risk in order to stay
automated, versatile, and cost effective among a future of ever increasing uncertainty,
or exit the industry. Logging firms able to purchase timber sales or timberland appear to
have greater control of their operating futures as compared to those logging firms solely
attached to one or two large mills’commercial forest landowners.

While not all of Idaho's milling and commercial forest landownership's corporate
structures are changing, many are, and that will affect the long-term outlook that logging
contractors can expect in terms of the availability and predictability of volume in which to
harvest. Given the interview results, there frequently appears to be too many logging
contractors attempting to optimize their businesses over inadequate harvest volumes in
a given year in Idaho. While there are many efficient and automated logging firms in the
state, there are many firms that are not; these less efficient firms are removing volume
from the progressive firms creating an unstable future for the logging sector, leading to
chronic layoffs and a sub-optimized rate of return for many of the logging contracting
firms. Future start-up logging firms are discouraged from entering this industry sector
due to the uncertainty. Logging firm owners refrain from making investments in capital
intensive modern logging machinery because many sector participants cannot fully
optimize the dated machinery they currently own, creating a drag on the entire sector.
The future of Idaho's logging sector will depend on emphasizing efficiencies so that
remaining firms are stronger and can attract qualified labor with sufficient operating
season lengths, wages and benefit packages.

Many contractors who were interviewed in this study were reluctant to enter into
emerging markets for biomass as that segment of the industry requires substantial
financial risk without the "guarantee" of mills to supply and/or purchase raw materials.
The biomass market is also considered quite volatile. Mill representatives expressed
concern that threats to Idaho's forestry sector future may manifest themselves in the
form of forest land tract fragmentation due to conversion to housing or other non-
forestry activities. Increased environmental regulatory pressure was also perceived to
reduce the overall competitiveness of Idaho's PFPI. Additionally, a lack of reasonably
priced and/or distanced raw material sourced from federal lands was expected to
continue to constrain the entire Idaho PFPI into the future and may curtail potential
industry expansion into emerging markets. Further periodic analysis of Idaho's PFPI by
academic, agency and industry groups can capture developing patterns that would
assist in increasing the competitive advantage of this industry sector into the future.
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Cruising Methods, Volume Estimation, and Chipping Productivity for
Western Juniper Biomass Market Development

Elizabeth Dodson?, Stephen Fitzgerald?, Tim Deboodt?
Abstract

In support of efforts to utilize western juniper for biomass markets, a study was
undertaken to: 1) assess cruising methods appropriate for western juniper; 2) develop a
form classification for western juniper that combines the potential uses of the tree with
likely processing effort required; and 3) estimate chipping cost and production of
western juniper. An method for estimating allometric variables used in volume
calculation was developed and tested. This estimation method was less expensive to
implement and provided no poorer results than measured allometric variables when
compared to chipped volumes. The form classification developed segregated
processing effort and tree form. Estimates of chipping production were found. Volume
equations for total aboveground biomass for juniper remain poor predictors of actual
volume.

Introduction

Western juniper (Juniperus occidentalis) has expanded ten-fold in central and eastern
Oregon in the last century. There are undersiable effects from juniper exapansion,
including loss of plant diversity, wildlife habitat and loss of watershed function.
Currently, western juniper has marginal economic value. Therefore, for most watershed
and rangeland restoration projects, junipers are cut down and left on site. Western
juniper represents a potential biomass source and there are efforts underway to
construct biomass plants in central Oregon. Federal land management agencies and
private landowners are interested in utilizing and selling juniper biomass, but they need
a straight-forward method of determining the amount of juniper biomass (tons) they
have available to potentially sell. One set of equations for total above-chipped biomass
does exist for western juniper (Ratchford et al. unpublished); however it requires field
measurements that are expensive and, thus, may not be economical over large land
areas. Therefore estimations of allometric variables used in the equations need to be
explored and cruising best practices developed.

This project had three main objectives:

1. Assess cruising methods appropriate for western juniper

2. Develop a form classification for western juniper that combines the potential uses
of the tree with likely processing effort required

3. Estimate chipping cost and production of western juniper for potential biomass
markets
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Methods

Above-chipped biomass equations for western juniper depend on crown area or crown
volume (Table 1). The measurement of both crown area and volume require the
measurement of crown diameter using a tape measure in the widest direction and a
second measure of crown diameter perpendicular to the first. Consider the nature of
most western juniper trees with limbs that typically cover the entire bole, measurement
of crown diameter is not a realistic prospect if a large number of trees are to be
measured. A surrogate measure of crown diameter is proposed and involves
measuring the “radius” of the crown from the widest point in the crown to the bole of the
tree using a 10-foot PVC pipe with 1-foot markings. Test measurements were taken to
determine if the second estimate of crown radius should be taken at a point
perpendicular to the widest crown span or at the narrowest distance between the tree
dripline and the bole. Estimates of crown area were compared with crown area
measured using the taped crown diameter method and it was determined the widest
radius and a radius perpendicular (in a clockwise direction) to the widest distance
between the bole and dripline of the tree provided the best estimate (Figure 1).

Table 1: Volume equations for western juniper, where y is the natural log of the total
biomass and x is the natural log of the respective variable (Rachford et al. unpublished)

Measured Crown Area (m?)

Variable Equation R2
Height y = 0.057 + 2.68x 0.79
Age y =-3.369 + 2.03x 0.38
Basal Diameter y =-1.96 + 2.03x 0.83
Canopy Volume y = 1.60 + 0.85x 0.87
Canopy Area y =2.07 + 1.09x 0.83
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Figure 1: Crown area estimation

Heights were estimated and measured using the 10-foot PVC pipe as an ocular guide
and using clinometer, respectively. Ocular height estimates were generally within one
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foot of heights measured using a clinometer for tree heights up to 40 feet. This
encompasses most western juniper stems encountered.

Existing phase descriptions for western juniper consist of ecological categorizations of
woodland development and do not take potential utilization of wood fiber into
consideration. Additionally, existing juniper volume equations do not consider form, in
part because no form classification has been available. Therefore, five form classes
were developed for western juniper considering a combination of growth form, required
processing effort, and potential end product. The form classes are as follows:

Class 1: Tree-like, small limbs
Class 2: Tree-like, heavy limbs
Class 3: Tree-like, multi-stemmed
Class 4: Shrub-like, single-stemmed
Class 5: Shrub-like, multi-stemmed

Two sites in central Oregon approximately 20 miles northeast of Brothers were selected
on private land. Each site was 10 acres in size and consisted of pure stands of western
juniper. Site 1 consisted of a better-stocked stand of more tree-like stems while Site 2
was along a ridge line, sparsely stocked in placed with more shrub-like stems. Ten plot
centers were located within each site on a systematic grid. Two fixed-area circular plots
were installed at each plot center; one one-tenth acre and the other one-twentieth acre
in size. At each plot center a coin was flipped to determine the plot size to be installed
first and a second coin flip was used to determine if the first plot installed would be a
measured plot (cloth tape used to measure the widest crown diameter and
perpendicular crown diameter, laser used to measure total crown height) or an
estimated plot (10-foot PVC pipe used to estimate widest crown “radius” and
perpendicular crown radius, ocular estimate of crown height using the PVC pipe as a
guide). The first plot installed at each plot center was timed. The second plot size was
then installed using the other method of gathering allometric information not used in the
first plot. In this way all trees within the smaller plot were both measured and estimated
for crown area and volume. All trees were tagged with metal tags for future identification
and form class was recorded for each.

A forwarder-mounted chipper was used to chip and weigh all trees within measured
plots. The initial intention was to use the on-board scales to weigh individual trees
however the scales were not sensitive enough. Therefore weights were recorded for all
trees combined within each one-tenth acre plot. Time to chip individual tagged trees
was recorded. Time to maneuver the machine within plots was not recorded as this
was an artifact of asking the machine to work in an unnaturally small area. Additional
time-and-motion data was taken during production chipping outside the measured plots.

Results

Table 2 presents average stems per acre found in each of the two sites as well as
estimates of the costs of the two methods of gathering allometric variables. The
estimation method assumes one person at $25/hour; the measurement method requires
a crew of two.
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Table 2: Stand summary and plot cost

Site1 | Site 2
Average TPA 152 75
Plot Establishment (min.) | 3.8 1.7
Estimate (min/plot) 23.0 11.4
Measure (min/plot) 26.7 13.2
$/plot — Estimate $11.18 | $5.42
$/plot — Measure $25.47 | $12.38

Predictable differences were seen when crown area was compared to height for the five
form classes (Figure 2). Shrubbier-formed trees generally had larger crown areas for a
given height as opposed to tree-like forms which were taller relative to crown area.

Crown Area (m?)

15
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limbs
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stem
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Figure 2: Crown area vs. crown height by form class

On a per-tree basis, many tree volumes per the equations for the measured versus
estimated crown area and volume were very different (Figure 3).

Dodson et al.

2013 Council on Forest Engineering Annual Meeting

page 4



w b
v O

w
o

v

= NN
U O

Frequency

=
o

% Difference (m-e)/m

Crown Area

H Crown Volume

Figure 3: Percent difference between total tree volume calculations using measured and
estimated allometric variables

In aggregate, this also translated into different estimates of tons per acre per plot

(Figure 4) and for the stand (Table 3). For nine out of the 17 plots chipped, the total
weight of chipped material adjusted to a tons per acre basis assuming 45% moisture
content was between the estimates of per acre tonnage provided by the estimation and

measurement methods. For the same number of plots (9), the estimation method

provided a higher tons per acre estimate than did the measurement method. In only
two cases did the chipped weight of trees within a plot exceed the estimated biomass
from both measured and estimated allometric variable methods.
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Figure 4. Comparison of tons/acre estimates based on estimated crown radii and

height, measured crown diameter and height, and chipped plot weights
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Table 3: Estimates of total ton/acre for each site using the three methods

Estimate Measure Chipped

Site (ton/acre) (ton/acre) (tonfacre)
1 32.0 29.4 23.0
2 19.5 17.1 17.5

Total volume on the plot appears to have little to no impact on the quality of volume
estimate (Figure 5) nor does estimated versus measured allometric variables.
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=
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Figure 5: Cruised versus chipped ton per acre estimates

Plots where chipped weights were higher than either volume estimation method had
more shrub-like stems than those plots where chipped weights were either less than or
mid-way between volume estimation methods (Figure 6). Little difference existed
between the form class distribution of plots where chipped weights were either below
both or mid-way between volume estimation methods.
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Figure 6: Percent of stems per plot in each form class for plots where whole-plot
chipped weight was less than both volume estimation methods (‘low”), between volume
estimation methods (“mid”), and greater than both volume estimation methods (“high”)
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Individual stems within plots where whole-plot chipped weights were less than both

volume estimation methods tended to be smaller trees with lower than average crown
radii and heights, and therefore lower crown area, crown volume, and total estimated
above-ground chipped biomass (Figure 7).
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Figure 7: Comparison of individual tree characteristics within plots where whole-plot
chipped weights were less than both volume estimation methods (“Low”), between
volume estimation methods (“Mid”), and greater than both volume estimation methods
(“High”) at an 80% confidence level. Statistically significant difference are indicated as
*a=0.05; #a=0.10; *a=0.15; ~a=0.20

Chipping times were collected for individual stems. Additionally, production chipping
activities were also recorded and separated into moving, chipping, grabbing/positioning
trees, dumping, and delay categories (Figure 8). Due to logistical delays, production
chipping was limited to two complete bin cycles (51.16 minutes). The chip and grab

cycle elements were included in the timing of individual stems.

Figure 8: Chipper time allocation
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The chip and grab cycle elements were included in the timing of individual stems.
Figure 9 presents resulting $/ton (bone dry) estimates for chipping assuming three
different chipper hourly rates.
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Figure 9: Stump to truck chipping cost estimates, by form class, for western juniper
Conclusions

The less-expensive estimation of allometric variables using a PVC pole, while frequently
providing different per-tree estimates of volume as compared to measured allometric
variables, does not appear to be a factor in how well volume of western juniper can be
estimated as compared to actual chipped volumes. In other words, current equations
do a poor job estimating biomass and the method of gathering crown area and volume
data do not significantly impact the performance of these equations. Form class is a
significant variable in describing differences in chipping effort and therefore cost and in
describing plots where chipped volume exceeded estimated volume per either
estimated or measured allometric variables.

References

Ratchford, J, R. Miller, P. Doescher, B. Sabin, A. Tierney. Estimating aboveground
biomass and nutrient pools in semi-arid conifer woodlands. Unpublished manuscript.

Dodson et al. 2013 Council on Forest Engineering Annual Meeting page 8



First Entry Commercial Thinning: A comparison of Traditional and
Contemporary Harvesting Methods on Steep Slopes in the Coast
Range of Oregon

Benjamin Flint!, Loren D. Kellogg®

ABSTRACT

The practice of first-entry commercial thinning, without prior pre-commercial thinning,
has recently emerged as a beneficial method to thin young stands in the coast range of
Oregon. However, little is known about the economic feasibility of the techniques being
utilized to thin harvest units with steeper terrain (>35%). This exploratory study utilized a
shift-level assessment to compare six different harvesting systems to determine the
economic feasibility of each harvesting method when applied on steep terrain (>35%).
The six different harvesting systems were a Koller K301 yarder with manual felling on
steep terrain (> 35%), a Koller K301 yarder with a Ponsse Ergo harvester cutting and
pre-bunching whole trees with no processing on steep terrain (>35%), a Koller K301
yarder with a Ponsse Ergo harvester cutting with full processing and pre-bunching on
steep terrain (>35%), a Ponsse Ergo harvester cutting and processing for a Ponsse
Buffalo King forwarder on steep terrain (>35%) with an adverse haul to the landing, a
Ponsse Ergo harvester cutting and processing for a Ponsse Buffalo King forwarder on
steep terrain (>35%) with a favorable haul to the landing, and a Ponsse Ergo harvester
cutting and processing for a Ponsse Buffalo King forwarder on flat terrain (<35%).
Economic feasibility was determined by evaluating and comparing the productivity and
cost of each harvesting system. The results of the comparison of the six harvesting
systems showed that on steeper terrain (>35%) the harvester/forwarder treatments had
the lowest overall harvesting costs. However, this study also found that processing and
pre-bunching using the Ponsse Ergo harvester caused an increase in productivity of
79% and a reduction in cost of 58% for the Koller K301 yarder. Through the results of
this study, land managers will be better prepared to make decisions regarding the
adaptation of first-entry commercial thinning onto their land base.

INTRODUCTION

Timber land managers face many decisions regarding the health and growth of their
respective stands. Traditionally, once a stand had been planted, the next progression of
management would be to pre-commercially thin in an attempt to add significant amounts
of growth in the early stages of stand development. However, pre-commercial thinning
can be an expensive endeavor which provides only the promise of improved net volume
return and the potential for increased future profits. Given the current timber market,
land managers are making strides to both reduce overall harvesting costs and increase
the net volume return from their respective land bases. One of the ways in which land
managers can achieve these goals is to forego pre-commercial thinning and instead
conduct a first-entry commercial thinning of small, low-value timber.

1Presenting Author, Graduate Research Assistant, Department of Forest Engineering, Resources and Management,
Oregon State University, Corvallis, OR, 97331.

’Lematta Professor of Forest Engineering, Department of Forest Engineering, Resources and Management, Oregon
State University, Corvallis, OR, 97331.
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By transitioning their management in this fashion, land managers are able to eliminate
the cost of pre-commercial thinning while at the same time retain the growth potential of
their stands. This approach works very well with mechanized harvesting systems,
because of their higher production rates and relative low cost. But this approach has
found considerable obstacles in the coast range of Oregon where land managers are
faced with terrain that has traditionally been reserved for high cost cable thinning
systems. Thus, there was a strong desire from local land managers to conduct an
exploratory research study into the economic feasibility of harvesting small, low-value
timber from units with steeper (>35%) slopes.

STUDY AREA & TREATMENT UNITS

The study area was located on Starker Forest Inc. timberland in Benton County,
Oregon. The total harvest area was a combination of two thinning units totaling 170
acres. From the 170 acre harvest area, six study units were selected based on:
topographic conditions, applicability to proposed harvesting technigues, and operational
constraints. The six study units totaled 22.18 acres. The terrain throughout the unit was
broken or uneven in slope with portions being either flat (0-35%) or steep (50-70%) with
multiple benches and drainages throughout. The timber was primarily 28 year old
Douglas-fir (Pseudotsuga menziesii) with a low proportion of red alder (Alnus rubra) and
true fir (Abies spp.). The six different treatments conducted by Miller Timber, Inc.
(Philomath, OR) were unique to each unit, and were compared based on similar factors
such as: yarding methods, felling method or slope conditions. Each treatment consisted
of one of two yarding methods involving either a Koller K301 yarder or a Ponsse Buffalo
King (double bogie) forwarder. The yarding method was then combined with either a
Ponsse Ergo (double bogie) Harvester (with or without ghost roads) or manual felling.
Three of the six treatments were conducted using the yarder and the other three
treatments utilized the forwarder for yarding. The three yarder treatments were on steep
(>35%) slopes and were differentiated either by: processing method (whole-tree, tree-
length or cut-to-length), felling method (manual or harvester) and/or number of ghost
roads (single or double). The three forwarder treatments were differentiated either by
the slope of the treatment area or the type of loaded return trail travel (haul) to the
landing (adverse or favorable) whereby all felling operations were cut-to-length via the
harvester without ghost roads. See Table 1 for a summary of the harvesting techniques
used in each treatment unit.

Ghost roads were corridors that the harvester traveled on to cut stems but where
yarding operations were not conducted. Ghost roads were used to increase the spacing
between cable yarding corridors. The use of a single ghost road provided a corridor
spacing of 100 feet; which, was the corridor spacing utilized by the contractor under
standard operating procedures; additional ghost roads provided extra spacing between
cable yarding corridors that was above the standard operating procedure. The standard
operating procedures utilized by the contractor were used in the determination of the
harvesting system in the two control treatment units. Under standard operating
procedures, cable yarding on steep (>35%) slopes would consist of tree-length manual
felling and yarding with a corridor spacing of 100'. Conversely, ground-based harvesting
on flat (<35%) slopes would consist of cut-to-length falling via the harvester followed by
forwarding to a roadside landing. Thus, a control unit was set up both for cable yarding
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and forwarding based on the standard operating procedure of the contractor utilized in
this study.

Table 1. A summary of the: yarding mechanism, felling mechanism, felling type (PB =
Pre-bunching, CTL=Cut-to-Length, GR= ghost roads and number of ghost roads) and
slope for the five treatment configurations.

Treatment Units

Size | Road Spacing . . . Slope

Treatment (ac) (ft) Yarding Felling Processing GR (%)

1 2.75 100 Koller 301 Manual tree-length None 50-65

2 1.80 100 Koller 301 | Harvester | Whole-tree, PB Yes, 1 50-65

3 3.63 150 Koller 301 | Harvester CTL, PB Yes, 2 50-65
Forwarder

4 2.87 50 (adv. haul) Harvester CTL None 50-75

5 4.08 50 Forwarder | .\ ester CTL None 45-65
(fav. haul)

6 7.05 60 For(‘]ﬁ‘l’:tr)der Harvester CTL None <35

METHODS

The research methodology used to develop the harvesting productivity assessment for
each of the six treatment units was adopted from the procedures outlined by Kellogg et.
al (1999). A shift level assessment was conducted within each of the six treatment units
to generate a productivity and cost analysis. The shift level assessment was conducted
by noting and recording the various productivity factors that occur on a given day and
within a given treatment unit. The productivity factors were assessed individually by
harvest system component (felling or yarding). Thus, there were four different sets of
productivity factors analyzed representing the two felling methods (manual, harvester)
and the two yarding methods (forwarder, yarder). The general productivity factors that
were assessed are listed below:

Manual felling: Start and stop time; Number of timber fallers; Number of stems cut;
Delays (>10 minutes): Operational (walk in/out of unit, hang-ups), Mechanical (chain
saw repair/ maintenance, fuel & lube), Other (personal, etc.)

Harvester: Start and stop time, Treatment unit; On board computer production report
(stems cut); Fuel consumption (to the nearest gallon); Delays (>10 minutes):
Operational (wait time or travel between units), Mechanical (repair or maintenance,
including scheduled daily maintenance, fuel & lube), Other (personal, etc.)

Forwarder: Start and stop time; Treatment unit; Number of Bunks forwarded; Number of
trucks loaded and the duration of loading; Delays (>10 minutes): Operational (wait time
or travel between unit, etc.), Mechanical (maintenance/repair including scheduled daily
maintenance), Other (personal, etc.)
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Yarder: Start and stop time; Number of crew members; Treatment unit; Number of turns
and number of pieces yarded; Number of trucks loaded; Processing time (if needed);
Yarder fuel consumption; Loader and/or processor fuel consumption; Road and/or
landing change time; Delays (>10 minutes): Operational (rig-up or tear down, waiting
for processor, etc.), Mechanical (equipment repair/maintenance, etc.), Other (personal,
etc.)

With respect the productivity value "number of pieces yarded", transformations were
required in order to provide a basis for comparison between the different processing
methods (tree-length, whole-tree and cut-to-length) used in the cable yarding treatment
units (1, 2 and 3, respectively). Using felling data collected during the study, adjustment
factors of 1.25 for tree-length pieces and 2 for whole-tree pieces were applied to adjust
the "number of pieces yarded" value into a number representing the number of pieces
yarded after full processing had occurred.

In order to evaluate the economic feasibility for each of the treatments within the study,
a detailed methodology was needed to accurately project the costs of the harvest
systems. This was achieved through the machine rate method as laid out by W.D.
Greene and B.L. Lanford (1999). The purchase price that was used within the cost
analysis was based on the listed price for a new piece of equipment as provided by the
contractor (Miller Timber Inc.). All other values were ascertained from industry standard
prices and/or rates (these values can be ascertained from the authors).

Using the total cost developed for each machine via the machine rate method, the total
cost for the harvest system in each treatment unit was found by combining each of the
individual machine costs into a single cost representing the entire harvesting system for
the treatment unit. An extra 18% was added to the total harvest system cost to account
for overhead, profit and risk. Utilizing the productivity and cost data, a cost per load was
developed to provide a consistent and identifiable basis for comparison. The number of
pieces per load was found via the forwarder shift level data. On average there were 274
pieces (logs) within each log truck load. Using the value of 274 pieces per load, the per
unit total cost was transformed from a cost per piece (log) into a cost per load for each
treatment unit.

RESULTS AND DISCUSSION

The results from the shift level assessment of the harvesting systems (treatments)
focused around the results from the forwarder and yarder, since the productivity of
yarding component drives the economics of the system as a whole. The productivity of
the forwarder was measured in the total number of bunks that were forwarded and the
number of bunks that were forwarded in an hour. On average there were approximately
137 pieces (logs) per bunk. Table 2 summarizes the productivity values for the three
forwarder treatment units.
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Table 2. The shift level productivity values for the forwarder treatment units.

Treatment Unit Total bunks Bunks/hr Pieces/hr

6 (Control, Flat) 17.5 1.66 238.19
4 (Adv. Haul) 7 0.70 100.47
5 (Fav. Haul) 17.5 1.57 192.74

The results of the shift level assessment of the forwarder showed that when the
forwarder was operating on steep terrain (>35%) and was traveling loaded in an
adverse direction to the landing (treatment unit 4) there was a 58% decrease in
productivity compared to the flat terrain control unit (treatment unit 6) with pieces per
hour values of 100.47 and 238.19, respectively (Table 2). Conversely, when the
forwarder was operating on steep terrain (>35%) and was traveling loaded in a
favorable direction to the landing (treatment unit 5) there was only a 19% decrease in
overall productivity compared to the flat terrain control unit (treatment unit 6) with pieces
per hour values of 192.74 and 238.19, respectively (Table 2). The “take home
message” derived from the productivity assessment was that when a forwarder
operates on steep terrain, land managers should look for every opportunity to avoid
adverse skidding and adverse hauls to the landing. However, there will always be
situations where the need for adverse skidding and adverse hauling may arise.
Although the productivity of the forwarder was driven by the number of bunks yarded,
the productivity of the yarder was driven by the number of pieces yarded and the
number of turns per hour. The results of the shift level productivity assessment of the
yarder are summarized in Table 3.

Table 3. The shift level productivity values for the yarder treatment units. (*Control
tree-length processing, manual felling; WT = whole-tree; CTL = cut-to-length; Harv.
harvester felling).

Treatment* Turns/hr. | Pieces/turn Pieces/turn (adjusted) Pieces/hr. (adjusted)
1 (Control) 11 3.65 4.8 51.35

2 (WT, Harv.) 9 3.92 5.88 50.15

3 (CTL, Harv.) 13 7.14 7.14 92.04

The value of adjusted pieces per hour was the driving factor for the productivity of the
yarder. The results showed that there was a 79% increase in productivity for the yarder
when operating on skyline roads that had the harvester felling and pre-bunching cut-to-
length stems (treatment unit 3) when compared to the control or standard operating
procedure of manual felling with tree-length processing (treatment unit 1) with pieces
per hour values of 92.04 and 51.35, respectively (Table 3). Conversely, there was little
difference (2.4% decrease) when the yarder was yarding whole trees that were cut and
pre-bunched by the harvester (treatment unit 2) when compared to the control
(treatment unit 1) with pieces per hour values of 50.15 and 51.35, respectively (Table
3). The increase in productivity within treatment unit 3 is the product of the number of
turns per hour and the number of pieces per hour both of which were the highest
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amongst the three yarder treatment units with values of 13 and 7.14, respectively
(Table 3). Although the comparison of productivity is an integral part of determining the
economic feasibility of a harvesting system, the most important aspect when
determining economic feasibility is the cost of the harvesting system. The values of total
cost and cost per load, including the percent change in cost against the controls are
summarized in Table 4.

Table 4. The total and per unit (piece or log and per load) for the six different full
treatments, including the % change with respect to the harvest system control.

Treatment Unit
(Harvesting System)*

1 2 3 4 5 6
(M-Y-TL) | (H-Y-WT) | (H-Y-CTL) | (H-F-ADV) [ (H-F-FAV) | (H-F-FLAT)

Total Cost + OPR

$) 4,838.17 | 7,924.13 | 11,476.85 4,721.73 6,253.50 5,527.92

Cost per Load ($)

(274 pieces/load) 3,330.80 | 3,582.86 1,636.14 1,283.49 797.33 603.69

% Change (cost/load)

0, - 0, 0, 0,
Against Control Control 8% 51% 113% 32% Control

*M = Manual Felling, H = Harvester, Y = Yarder, F = Forwarder, WT = Whole Tree, TL = Tree Length,
CTL = Cut-to-length, ADV = Adverse Haul, FAV = Favorable Haul, FLAT = Flat Terrain (<35%).

The primary result that can be discerned from Table 4 is that the forwarder treatment
units had lower per load costs than all of the yarder treatment units. Even though
treatment unit 4 (adverse haul) had an increase in cost of 113% over the control
(treatment unit 6) the cost per load of $1,283.49 was still lower than that of treatment
unit 3 which had the lowest cost per load of the yarder treatment units with a cost per
load of $1,636.14 (Table 4). Although the primary result is important, it should not be
overlooked that treatment unit 3 had a reduction in cost of 51% with respect to the
control (treatment unit 1, Table 4). Thus, the standard operating procedure that was
mimicked within the control (treatment unit 1) was not the most cost effective manner in
which to utilize the yarder. Conversely, it was found that the operation of the yarder was
more cost effective with pre-bunching of cut-to-length logs by the harvester. Especially,
when the number of ghost roads between each cable road was increased.

Although this study focused on the economics (productivity and cost) of steep terrain
first-entry commercial thinning, it must be noted that there are two main considerations
outside of the economics that could impact the adaptation or continuation of steep
terrain ground based harvesting. This first consideration concerns the safety of steep
terrain ground-based operations. The Oregon Occupational Safety and Health
Administration (OSHA) regulate the safety of forest operations through the
administrative rules outlined in Division 7 - Forest Activities Administrative Rules. Within
subdivision J of the Division 7 rules, there are specific guidelines which restrict the
operation of ground based machinery on steep terrain (OROSHA, 2010). For this study
specifically, the operations forester and the operators themselves from Miller Timber
Inc. walked the treatment units prior to the commencement of operations and assessed
the areas to ensure that both the operation would be conducted in a safe manner and
that all of the administrative rules from division 7 and subdivision J were followed. In
summary, when ground based operations are pushed onto slopes that exceed the limits
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listed in Subdivision J of the Division 7 Administrative Rules (OROSHA, 2010), great
care must be taken to ensure the safe operation of the equipment and to ensure that
the administrative rules are followed.

The second consideration along with the economics of steep terrain ground-based
operations is that of site impacts. The primary impact that can occur to a harvest unit
from steep terrain ground based operations is soil disturbance both in the form of
compaction and in the form of erosion/sedimentation. Concurrently with this study,
another study was conducted on the soil disturbances generated by the operation of
ground based equipment on steep terrain. The study was conducted by, R., Adams, P.
and Sessions, J. and is currently a manuscript in review for the Western Journal of
Applied Forestry.

CONCLUSIONS

The "big ticket" conclusion from the economic analysis was that under all scenarios
considered within this study, the harvester/forwarder combination was the cheapest,
most cost effective option for conducting first entry commercial thinning on steep
terrain. However, land managers must also consider: the availability of the specialized
Ponsse steep terrain equipment, the safety of crew members and machine operators as
outlined in the forest activities administrative rules from Division 7 of the Oregon OSHA
administrative rules (OROSHA, 2010) and the potential for soil impacts from operating
ground based machinery on steep terrain. There were two other conclusions that could
also be made from the economic analysis. First, when operating the forwarder on steep
terrain, adverse hauls to the landing will cause drastic reductions in productivity and
increases in cost. Second, by utilizing the harvester to process and pre-bunch stems for
the yarder, productivity increased and cost decreased.
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ABSTRACT: Nearly thirty five years ago an assessment was made of logging training in the Pacific
Northwest for the Pacific Logging Congress. Today logging training is still a paramount concern of the
industry. With 55% of Oregon’s logging workforce over age 45, there will be changes coming in the near
term. Logging training has not been successful in institutions, in special training programs funded by
government grants, nor in most firms who lack the resources to conduct the training they need. What
has been tried? What had success? What failed? What are the best prospects for the future? What are
the obstacles to training? What are the economic and other benefits of training for the firm and the
forestry sector? This review covers 35 years of activities in the U.S., Europe and other countries. What
will work in the future is also discussed and prospects for success are outlined.

INTRODUCTION

Nearly thirty five years ago, the author conducted a review of logging training in the Pacific Northwest
(including Idaho, Montana, and California) to establish the status of logging training. The review set the
research agenda for the author and associated colleagues in the region. Now as the PNW comes out of
a deep recession, training needs are emerging as forestry workforces expand during the recovery.
Safety issues and insurance costs remain as important issues in logging. For example, the workers
compensation rate for non-mechanized logging (generally cable logging and manual felling) is set at
$19.61 per hour worked making it equal to the prevailing wage for many logging jobs. It is instructive to
look at the changes from the first assessment years ago to the current circumstances in a series of
tables and commentary.

THE PEOPLE

Table 1. below compares some dimensions relating to the people involved in logging from the late 1970’s
to today. The original review characterized the typical worker of the day and is shown below in
comparison to two characterizations of the logging workforce of today.

Worker of late 1970’s

From the time he was old enough to help out around the place, he was picking up
skills that would serve him as a logger. He learned to use hand tools, to use simple
rigging to multiply his strength, and to grab a wrench to fix something mechanical
that failed. Most importantly, he learned to work hard for long hours until the job
was done. He started out in logging , successively acquiring skills in every area from
choker-setting to timber falling. He worked for no fewer than ten different outfits
and he learned from the men he worked with. Now in the twilight of his career, he
notes some differences in the logging work force.(Garland, 1979)

Dual Workforce of Today

Generation Y


mailto:johngarland49@gmail.com

From the time he played his first video game, he operated all devices. He likes games

but not hard work. He hasn’t had to work at menial jobs and lacks fitness and

stamina. He can read but prefers texting to people rather than talking face to face.

He deserves a high paying job that allows time for friends and family.

Immigrant Worker

From the time his parents came here, he worked hard in the fields with them for long

hours. His language and technical knowledge are not strong. He can work in difficult

conditions but distrusts bosses and authority. He expects others to look out for

themselves as he does. He prefers working with others like himself.

Another significant difference is that the current workforce is aging with loggers in PNW

states reaching a level between 50-60% of workers over age 45. A review of Idaho log truck

drivers found that in a group of 300+ drivers, over half were over age 66 (Garland, 2008).

There are problems recruiting workers in logging making the age distribution worse

compared to a balance age class of the first review. Also, the logging workforce has shrunk

to less than half the size of the earlier workforce and loggers have lost comparative income

and social standing of prior years. Now some of those supporting the mechanized logging

industry as mechanics, computer technicians, machine shops are not recognized in the

logging workforce statistics.

Table 1. The People

LATE 1970'S

TODAY

Greatest Generation WWII & Baby Boomers

Generation X & Generation WHY? Plus
Immigrant Workers

Balanced Age Distribution

Aging Workforce

Adequate Recruitment of New Workers

Shortage of New Entrants to Workforce

Attitude: Work performance defines person

Attitude: Family, friends, social life as
important as work

Above average income & social standing

Average or below income & diminished social
standing

Workforce significant size compared to all
workers, rural communities dependent on
timber

Half the workforce remains, insignificant
compared to all workers, understated
support workers, eg mechanics, trucking




THE INDUSTRY

The forest industry has undergone radical changes from integrated forest and mill owners to
real estate investment trusts using timber management organizations to contract for timber
harvests. Corporate logging camps with large logging employment have been replaced with
small contractors of 6-10 employees on average. Many logging firms are sole proprietors or
small partnerships in felling, trucking or shovel logging. Table 2. Shows further differences.

Table 2. The Industry

LATE 1970'S TODAY
Integrated forest and mill owners & federal Real estate investment trusts & timber
timber dependent mills industry management organizations
Corporate logging with workers exceeding Contractor firms with average firm size 6-10
200 in logging camps & large contractors employees, few corporate loggers

Forest Service timber sales & private industry | Half the harvest levels, little government
logging with high harvest levels, little export | timber except state sales, shift to South for
timber, export markets

Many mills, many markets, many products Limited markets, few mills, and emerging
products, eg, biomass

THE OPERATIONS

This review cannot chronicle the technological changes in logging ranging from lighter, faster
chainsaws, mechanical harvesting machinery, or synthetic rope to replace wire rope, but it
does need to make general observations. Table 3. contrasts the mechanization trend away
from motor manual operations and the reduction in the size of timber harvested. Less
obvious trends in the PNW are the major uncertainties facing logging owners where the
planning horizons are so short as to make equipment replacement a real challenge and
profitability of the firm in doubt. Some good logging firms did not weather the recession.

Table 3. The Operations

LATE 1970’S TODAY

Motor manual operations on flat, moderate Cable/motor manual on steepest slope,
& steep slopes w/beginning mechanization mechanized operations on flat to steep
slopes, inc. felling with machines

Timber size often meter plus in diameter, Timber size around 30-50 cm diameter, low




high volumes per area, log length operations

volumes per area in thinning, partial cuts,
tree length operations

Consolidated operating areas & year plus
planning horizons

Widely scattered operations & uncertain
planning horizons, eg, next unit ????

Well managed operations profitable

All operations marginally profitable,

recession caused firms to fold

Machine replacement scheduled Old machines, run to failure, new machines

needed

SAFETY

Table 4. shows trends relating to safety. Logging safety and training are linked but definitive
studies to show cause and effect have not been prevalent. It is difficult to show the accident
that did not happen was due to some preventive measures. Still progress has been made
particularly in fatal logging accidents as shown in Figure 1. for Washington state which
mirrors the progress in the other states as well. Figure 2. shows the Oregon claims over time
with the recession year of 1980 evident where It took 6 years for the number of incidents to
return to levels prior to the recession and 4,920 additional loggers were injured in next 4
years with direct cost of claims reaching $63,960,000. If a similar trend were to occur for
this recession, the new workers getting themselves injured would severely impact the
existing experience workers and jeopardize the knowledge base in logging.

Finally, older workers have traditionally been safer workers; however, Figure 3. shows an
increase in the share of accidents by older workers even as the total number of accidents
decreases. From 2000 to 2009 half the logging fatalities occurred to workers over age 45,
and the claims for workers over 45 have increased from 22% to 40% (2000 to 2011).

Table 4. Safety

LATE 1970'S TODAY

High accident rates, high fatality rates Improved accident rates, much lowered fatal

rates

Logging seen as dangerous and difficult Logging seen as difficult, dangerous, dirty

and declining

High workers comp rates Lower workers comp rates in mechanized

class but high in motor manual class




Older workers safer workers

Older workers having accidents and health
problems, musculoskeletal injuries

1980’s recession had high accidents during
recovery

Current recession may have high accidents
during recovery

Search for relation between accidents and Cause and effect between safety

safety improvement measures improvements difficult to establish

TRAINING

The previous discussion documenting changes in the forestry sector informs our
understanding of the changes to training in logging over the past years. Table 5. again
highlights the changes. Prior to the 1970’s the on-the-job, work by me training was the
dominant form of passing knowledge and skills to the new workers who were often related
to other crew members. It is not true that there was no learning taking place with this
approach but there was little technical training. From the late 1970’s to the present, many
training approaches were tried in the PNW and around the world but still today an objective
comparison of logging to construction, for example, would conclude there is still a low level
of training in logging. Even in developed European forestry countries and in the US, there is
less training today than in the past although there are many different ways to provide the
training.

The author’s first article documented the obstacles to training for firms and found the
following:

32% lacked time to conduct training

17% felt the size of operation was unsuitable to conduct training
17% felt training would be too expensive

8% liked the informal on-the-job training model

6% lacked personnel to do training

5% saw risks and insurance problems associated with training
5% saw union problems associated with training

4% felt it would be difficult to interest workers in training

3% felt workers would leave after being trained.

Over the years some of these obstacles were addressed by research, eg, Garland (1990)
found firms could recoup the costs of training within such a short time frame that workers
would be unlikely to leave before the payback for the training. Some obstacles were made
irrelevant by changes in the industry. Union problems with training is nonexistent as the
workforce is almost non-unionized, plus unions supported training. Insurers are now
supporting logging training efforts and what is the greater risk a worker in supervised training




or an untrained worker attempting the job without any skills or guidance? To be sure, small
firms lack the time, resources, personnel, for potentially expensive training and because they
were trained on-the-job, they prefer that method. Firms miss the point that designed on-
the-job, field-based training can be effective.

With the highly competitive market among logging firms today, other obstacles have been
stated by some leaders in the logging community. These include:

No capacity for training—minimal crews and can’t find workers for jobs at all

If | train workers, | put a target on them for hiring away

I am in competition and don’t want to have to compete with those who train

Can’t send them off to school

They don’t pay me enough to train
When leaders express such force for obstacles, it has the strength of a groundswell rather
than cooperative efforts among firms to have the rising tides lift all boats in the logging
sector.

The unsustainability of logging training is particularly evident for the institutions over time.
There have been numerous attempts by educational institutions, non-profit organizations,
and industry consortiums to conduct logging training. For example, in the late 1970’s Oregon
had about 25 forestry programs, most of which provided training so high school graduates
might get a safe start in a logging job. Today there are 45 natural resources/forestry
programs and only 5 have teachers with skills or interest in teaching logging skills.
Community colleges often started logging training programs with local industry support but
found them expensive and when the grants ran out, so did the training. Grant funded
examples abound with the grantees getting the funds and the trainees getting the short stick
(log?). Among the worst programs were the workforce redeployment schemes that would
take the chronically unemployed, put them in a logging/conservation, pay-while-training
course taught by pseudo-ecologists. Few trainees made it to a woods job and the author is
chagrined at trying to help such programs. There was even a futile federal attempt to impose
apprenticeship concepts on logging similar to those in plumbing or electrical work.

One significant improvement for logging training over time is the development of training
approaches centered on the learner. Rather than have the trainee watch an experience
worker and guess at the principles and techniques involved, training materials ranging from
plastic cards to DVDs used in the field are available for training. Some materials are in the
languages of the immigrant workers found in the workforce. Many good training materials
are available with little or no charge although a central clearinghouse is still lacking.
Equipment companies have made logging a priority and provide simulator training along with
“You-Tube Videos” to help in training. In fact there is competition among the large logging
equipment firms to provide the best simulator training.



After more than three decades of attempts by educational institutions and government
funded logging training programs with their limited success, some new concepts of logging
training are in order. It has come to the author’s understanding that the locus of training
needs to be the firm itself. One-size- fits- all classroom training of groups of trainees
modeled after the schooling that many logging employees found unattractive is not the way
to successful logging training. Each firm and individual needs skill development differently
that that offered by group training. Certainly some group training events make sense but not
entirely as a program for the logging industry After years of limited successes and many
failures, th e author believe training within the firm by individuals called “Logging Masters”
may be the only potentially successful approach. Logging Masters are competent loggers
who have been coached on how to train the new workers in the firm. They would tailor the
training to what the firm needs and the employees already committed to work at the firm.
Logging Masters would receive initial training themselves and then they as a group would
form a “Logging Masters Association” to provide mutual support within the sector to each
other. There is precedent in the author’s Extension work with the Master Woodland
Manager program he helped create and continues to provide peer-to —peer informal
education on managing woodland properties among landowners. Several proposals have
been made for such a project but funding for start-up has been missing to date.

For decades, supporters of logging training have hoped to show that training can reduce
accidents in logging. While some studies show changes in risk behaviors result from logger
training, the research difficulties in showing cause and effect relationships are formidable.
Bell and others have shown that mechanization which includes the necessary training to
function can reduce accident rates in felling (Bell et al, various dates). Productivity gains can
be demonstrated and when all benefits of training are considered, there are significant
documented gains from training (Garland, various dates). What can be significant is that for
safety codes for forest activities in Oregon, training and supervision requirements have
replaced many of the unwieldy prescriptive “don’t do that” codes. The neighboring states
often base their logging safety codes on Oregon’s codes. The larger forest industry mandates
training for safety and environmental issues through the voluntary Sustainable Forestry
Initiative (like other certification schemes) but that training does generally not include skill
training for actual workers.

There is still limited capacity for training within the forestry sector of the PNW but there has
never been greater need for training forest workers. What continues to be lacking is the
commitment to cooperative efforts among firms and organizations to implement a firm-
based training strategy like “Logging Master.”

Table 5. Training

LATE 1970°S TODAY

Low level of designed training: work by me Low level of training but more different




training predominates

training modes used

Obstacles to training identified: most still
remain

Obstacles to training remain and new
obstacles emerge

Institutional training attempted

Institutional training not sustainable

Training medium limited to classroom &
field: few simulators

Training medium offers many options: pubs
to internet and age of simulators

Government and educational institutions
seen as location of training

Training within firm may be only way to
achieve with association support

Training seen as key to safety but linkage not
established

Training to achieve safety, productivity,
quality & environmental performance

Limited training capacity in trainers &
institutions

Greater capacity for training with
commitment of the firm & sector

CONCLUSION

While nothing stays the same and changes have occurred, too many of the strategic

obstacles to logging training remain. Greater needs and possibilities for logging training exist

today than ever. Leadership to make logging training the force for the good of the sector it

can become.
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Figure 1. Logging fatalities in Washington State over time (WA Dept. of Labor & Industries)
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Logging Claims by age and year
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Changes in Logging Firm Demographics
and Logging Capacity in the US South

W. Dale Greene!, Samantha C. Marchman?, Shawn A. Baker®

Abstract

Timber harvesting operations in the US South are predominately operated by small
businesses that run mechanized tree-length systems. They are highly productive and
are an essential component in a wood supply system that is competitive on a global
scale. We review these businesses and operations based upon 25 years of mailed
surveys conducted on a 5-year interval and recent in-depth interviews with dozens of
southern contractors to assess the cost factors in their businesses.

Despite dramatic shifts away from clearcuts and toward more frequent thinnings,
average weekly production more than doubled over the past 20 years due to greater
reliance on mechanization and planted stands. There is today little difference between
the average weekly production of thinning crews and clearcut crews. The age of
logging firm owners has increased nearly 10 years over the past two decades, although
this reflects to some degree the aging of the US population generally. Capital
investment per crew or firm is high and steadily increasing, but returns to capital are flat
reflecting the economic reality that our industry is largely fully mechanized in the South
and additional capital no longer buys significant additional productivity.

However, since the economic recession began in 2007, the average age of logging
machines in the woods has increased substantially reflecting the decision by owners to
delay replacement or new investment. Logging capacity by our estimates is down 15-
20% since 2007 and we also see that the surplus of logging capacity versus harvest
levels has decreased. While this is worrisome to wood-using industries that prefer to
keep some “surge capacity” available, this tightening gap should improve the ability of
logging contractors to negotiate higher logging rates for their services.
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Introduction

Loggers across the eastern United States face challenging economic impacts following
the recent housing market collapse and economic recession. U.S. logger survey data
from Timber Harvesting outlined general demographic changes since 2001: an aging
and economically challenged workforce, increasing mechanization and associated
financial strains, and increasing logger training, testing, and continuing education
(Knight 2006a, 2006b, 2011). In the most recent survey from Timber Harvesting (Knight
2011), half the respondents stated that they made no profit in 2009. Labor issues were
a concern as highly qualified workers sought other employment following business
shutdowns. Loggers reported that market factors were keeping increases in efficiency
from translating into higher profit margins. Slow market improvements, aging owner
demographics and firm succession concerns remained, alongside efforts to improve
efficiency in trucking and associated challenges to reduced tract size.

Results from the last survey of Georgia logging contractors in 2007 revealed increases
in thinnings and partial cuts with fewer clearcuts, decreased volume harvested per tract,
and higher moving costs per ton (Baker and Greene 2008). Highly mechanized tree
length operations showed increased productivity per labor and capital input. A large
cohort of owners was approaching retirement and a paucity in recruitment raised
concerns about the sustainability of the industry without new owners entering the
business. A recent survey of South Carolina logging contractors revealed very similar
industry characteristics (Moldenhauer and Bolding 2009).

We report findings of the 2012 survey of logging businesses in Georgia with responses
gathered simultaneously from South Carolina logging contractors.

Methods

During the spring of 2012, 1251 logging contractors in Georgia and South Carolina were
mailed a two-page survey covering timber harvesting operations and practices,
production levels, contract specifications, equipment fleet, and demographics. A similar
survey has been distributed by mail to Georgia loggers every 5 years since 1987.

South Carolina loggers were also included to expand the dataset and allow for
comparisons. A follow-up mailing was sent two weeks after the initial mailing.
Responses were entered into an Excel spreadsheet and the response data were
evaluated using SAS. Data from the US Forest Service on annual timber harvest
volumes and wood use were combined with data on employment and businesses from
the Bureau of Labor Statistics to estimate the change in logging capacity in the state
over time.
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Results

Surveys were completed and returned by 27% of Georgia and South Carolina logging
firms who were mailed the survey. Approximately 70% were members of one or more
state professional forestry or logging association. The average age of business owners
continued to increase as was noted in previous surveys (Figure 1). The median age
among respondents was 53 years with a median ownership length of 23 years.
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Figure 1. Georgia logging business ownership distribution by age, 1992-2012.

Business owners in 2012 indicated a typical (median) investment of approximately
$783,000 in Georgia and $863,400 in South Carolina while employing between 7 and 8
people on average. Roughly 60% operated through a wood dealer or supplier, 40%
operated directly through a mill, and 2 to 3% operated through a TIMO or REIT. Written
contracts (70%) and harvest plans (60%) were used at the same rates in both states
and at the same rate as they were among Georgia businesses in 2007.

Contract trucking is used by 78% of Georgia firms and 71% of South Carolina firms.
Standing timber is bought directly by 43% of Georgia logging companies and 29% of
South Carolina companies. A wood dealer purchases the timber cut by 43% of Georgia
contractors and 51% of South Carolina contractors, and mill companies purchase the
timber for 10% of contractors while 5% cut on company land.

Respondents were asked the acreage of the tract currently being harvested by their
largest crew. Georgia contractors reported a median tract size of 117 acres while South
Carolina contractors were harvesting smaller tracts of 75 acres. Tree lengths (93% in
GA and 94% in SC) and log lengths (74% and 80%) were the major products hauled to
mills. This year, we also saw both clean and dirty chips reflected in survey data. Just
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over 10% of all firms were hauling fuel chips. In addition, respondents reported the
following biomass markets were available in their area: one-third of contractors had
access to whole-tree chip markets, 33% and 42% to markets for chips from logging
residues, 13% and 19% could sell grindings from residues, and 21% and 14% could sell
tree-length stems to biomass markets in Georgia and South Carolina, respectively.
About a third of all respondents reported that they had no access to any fuelwood or
biomass markets. Loggers most commonly sorted 4 to 6 products in an operation. Just
14% of Georgia respondents and 7% of South Carolina respondents sort more than 7
products in a typical week.

Clearcut operations have decreased from 82% in 1987 to 28% in 2012 in Georgia
(Figure 2), but over the same time period, average weekly production has doubled to
1615 tons. This has increased average worker productivity from 3.4 tons per man-hour
to 5.5 tons per man-hour. Productivity per $1000 invested has fluctuated, from almost
200 tons in 1987 to 125 tons in 2002 and is now hovering around 140 tons per $1000
(Figure 3). Over the last 20 to 25 years, labor increased in efficiency with increased
capital investment as firms shifted towards mechanization. However, as expected as
full mechanization is nearly achieved, firms no longer appear to be realizing increasing
marginal rates of return from additional investment in equipment.
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Figure 2. Average weekly production in tons and percent clearcut operations in Georgia
from 1987 to 2012.

Logging businesses have also increased payloads substantially by investing in lighter-
weight tractor-trailers and to a lesser extent in truck scales. Median empty tare weights
reported for their lightest truck and trailer combinations were 27,500 Ibs in Georgia and
28,000 Ibs in South Carolina. Only 7% of Georgia businesses and 20% of South
Carolina businesses cited tare weights at or above 30,000 Ibs. Still, the majority of
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contractors have not invested in either platform or on-board scales. In Georgia and
South Carolina, respectively, 11% and 6% use platform scales, 8% and 4% use on-
board scales in some of their trucks, and 3% and 2% use on-board scales in all trucks.
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Figure 3. Average productivity in tons per $1000 and tons per man-hour invested by
Georgia logging contractors from 1987 to 2012.

Over the years, contractors have been asked to report the biggest problem facing their
business. Logging rates and general finances have always been a major struggle in
this business, and this year was no exception. Unsurprisingly, the biggest problem
faced in 2012 was fuel prices, cited by half of both Georgia and South Carolina loggers.
Equipment, quotas, timber prices, labor, insurance and mill practices were also listed as
problems contractors faced.

Since 2007, some loggers have received rate adjustments from some mill companies or
landowners in response to increasing fuel prices. In 2012, adjustments based on fuel
cost were reported being received by 24% of Georgia contractors and 18% of South
Carolina contractors. Interestingly, off-road fuel consumption was reported as being
tracked by only about 40% of logging firms from each state, with half of those tracking
usage on a per-machine basis and the other half on a per-crew basis.

Discussion

In 1987, 73% of Georgia logging firms delivered 1000 tons per week or less compared
to only 35% today. By contrast, firms that deliver 2500 tons per week or more have
increased from less than 1% to 19% and those that produce 1000-2500 tons weekly
have increased from 27 to 49% of the population. As a result, today the largest firms
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(2500 tons per week or more) represent just 19% of the contractor force but deliver 51%
of the wood each week. The effects of the recent economic recession have probably
further accelerated these changes.

Since 1999, Georgia has experienced a 28% decline in the number of logging
employees and the number of logging firms — much of this experienced after 2007.
However, given the steady and significant productivity increases over this period the
production capacity of the logging sector continued to increase up until the recession in
2008. While employment and firm counts are down nearly 30% compared to 1999, we
estimate that logging capacity is only down about 15-20% (Figure 4). This clearly
indicates that firms with higher production capacity were better able to survive the
recession.
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Figure 4. Estimated logging capacity and actual timber harvest reported by USFS for
Georgia since 2000.

It appears that a greater number of the survivors also field multiple crews. These
financially stronger, better managed firms will be able to quickly staff additional crews
and be more likely to obtain financing for the equipment needed. In addition, by mixing
experienced labor with new hires, they will likely be able to ramp up production on new
crews much more quickly than newly created firms. As markets for timber continue to
strengthen, we expect most of the logging capacity that will be added to handle this
demand will be associated with these survivors from the recent recession.

One issue across the logging force is the age of the equipment fleet. While many
people feel that today’s equipment is capable of serving a longer operating life, we
observed a sustainable increase in the age of equipment reported in the 2012 survey
(Figure 5). Some of this is likely due to firms delaying replacement due to soft markets
and financing challenges. It may also reflect the purchases of used equipment from
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crews that left the industry during the recession. To some degree, it also represents
decisions to delay replacement until newer engine designs mandated to meet lower
emission standards are proven in actual service and experience is available about
them. In any case, we found feller-bunchers to be twice as old and haul trucks to be
40% older in 2012 than in 2007. At some point, significant re-investment in rolling stock
will be required to sustain the industry especially as demand recovers.
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Figure 5. Mean age by machine type of equipment owned by Georgia logging
contractors in 2007 compared with 2012.

We also expect logging rates to increase in order to attract additional investment in new
capacity by these firms and for them to be able to obtain financing in today’s more
challenging lending environment. However, adding capacity to these larger firms will
likely create less upward price pressure since these firms enjoy significant economies of
scale over their competition in the sector with much lower weekly production.
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The Impact of Natural Gas Development on Forest Operations in

West Virginia

Shawn T. Grushecky* and Jingxin Wang?
Abstract

The shale deposits found in the Appalachian region have been known to contain
significant volumes of natural gas, but this resource has never been economically
recoverable. As natural gas prices began to increase early in this decade, drillers
experienced with the shale formations began to explore this resource. Between 2000
and 2010, shale gas increased from 1% of the U.S. gas supply to 20%. West Virginia is
nearly completely contained in the Marcellus Formation and has almost half of the state
represented in the Utica formation. The exploration of natural gas has already begun in
these formations and has been increasing at a significant rate. Increased development
of natural gas resources has significant implications on forest operations in West
Virginia. Large volumes of roundwood are being harvested during the development of
well pads and access roads to these sites. As the wells are drilled, an ever-expanding
infrastructure of pipeline right-of-ways is being constructed to transport gas. These
right-of-ways rely on traditional operators to do the clearing, but do not include the same
fore-thought as traditional harvesting operations. Likewise, many operators are leaving
traditional forest operations for more lucrative work in the natural gas sector. Through
an analysis of harvesting trends and operator surveys we will describe the current and
potential future impacts natural gas development has and will have on forest operations
in West Virginia.

Introduction

The shale deposits found in the Appalachian region have been known to contain
significant volumes of natural gas, but this resource has never been economically
recoverable. As natural gas prices began to increase early in this decade, drillers
experienced with the shale formations began to tap this resources. Between 2000 and
2010, shale gas increased from 1% of the U.S. gas supply to 20% (Kerr 2010). In 2012,
shale gas made up 40 percent of the total natural gas production in the United States.
Recently, the Energy Information Administration reported that the U.S. had the fourth
largest technically recoverable shale gas reserve at 665 trillion cubic feet behind China,
Argentina, and Algeria. The U.S. follows only Russia in the total estimates of technically
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recoverable shale oil at 58 billion barrels. (U.S. EIA 2013).

Advancements in drilling technology to that aided in the recovery of shale gas resources
sparked the natural gas boom that the Appalachian region of the United States is
currently experiencing. The advancements included the use of horizontal drilling
technologies as well as fracing that both helped to increase the amount of recoverable
gas from these shale formations. In the Marcellus play alone, where activity is focused
on reserves in NY, WV, Oh and PA, upwards of 141 trillion cubic feet of gas may be
recoverable (U.S. EIA 2012). The increased activity in shale drilling in the Appalachian
region has also brought major investments in the form of mineral rights leasing,
infrastructure improvements, drilling and completion as well as post production
investments (Thomas et al. 2013).

Along with the significant economic development in the region, there has also been an
increased focus on the impacts of natural gas extraction on the environment. Much of
this focus has been related to the migration of brine water, chemicals and methane to
shallow water aquifers (Osborn et al. 2011; Warner et al. 2012). Other sources of
environmental concern include the disturbance of surface lands during the development
of drilling pads and resulting natural gas transportation infrastructure. In PA, shale gas
development was found to be greatest on public lands and is dominated by pads with 1-
2 wells. Roughly 45-62% of pads have occurred on agricultural land and 38-54% on
forest land (Drohan et al. 2012). However, shale gas exploration in the region may be
less environmentally damaging than the extraction of coal, which is the top energy
source traditionally developed in the Appalachia Region (Jenner and Lamdrid 2013).

While there has been significant work to date on the potential economic and
environmental impacts of shale gas development, there has been little information on
the impact of exploration on the forest-based economies of the Appalachian region.
Large volumes of roundwood are being cleared during the development of well pads
and access roads to drilling sites. The well pads and right-of-ways rely on traditional
operators to do the clearing, but do not include the same fore-thought as traditional
harvesting operations. Likewise, operators may be leaving traditional forest operations
for more lucrative work in the natural gas sector. The objectives of this research are to
1) determine the impact on the number of traditional harvesting operations in the shale
gas region of WV, 2) to determine the amount of forestland that is being impacted by
well pad development, and 3) to determine the impact of increased exploration on the
logging workforce in the region.

Methods

Drilling and Harvesting Trends
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While the Marcellus shale is found underlying the majority of WV, extraction costs have
limited development to only the eastern and northern portions of the state. To better
determine which counties had most intensive development, well completion data were
acquired from the WV Geological and Economic Survey (WVGES) for the period of
2009-2012 (WVGES 2013). This time frame was selected because it represents the
period where vertical drilling switched to a horizontal approach and when increased
exploration of the resource became prevalent. Data on horizontal well completions
were summarized by county and counties were ranked in order of decreasing
magnitude of well completions. The top four counties in sheer number of completions
were subset and used for subsequent analyses and were considered the epicenter of
shale gas development in WV.

Harvesting records were obtained from the West Virginia Division of Forestry for the
four year period preceding increased exploration (2005-2008) and the four-year period
following (2009-2012). Notification of timber harvesting in West Virginia is mandated
under the 1992 Logging Sediment Control Act. Under this act, all loggers are required to
submit a harvest plan within 3 days of starting a new timbering operation. The number
of harvests and the acreage of harvests were summarized for the epicenter region as
well as for all other counties combined. Comparisons were then made between those
counties with significant Marcellus development and those without.

Landcover Change

To characterize surface land disturbance, all well pad locations completed during the
2009-2012 time frame were spatially located using data provided by the WVGES.
Because the WVGES included approximately 352 completed Marcellus episodes in the
four-county epicenter, a 10% subsample was randomly selected for further analyses. A
GIS analysis routine was then developed using both 2003 and 2011 USDA NAIP
photography, both readily available for use in the ESRI ArcGIS 2010. A total of 35 well
pad sites were then overlayed with both 2003 and 2011 data and the extent of
forestland disturbance and well pad acreage were delineated using visual
interpretations. The method employed follows those used by Drohan et al. (2012). The
2003 and 2011 imagery years were chosen to represent land cover before and after
significant Marcellus pad development. Associated well-pad disturbance was recorded
for each of the 35 samples that were randomly selected from the WVGES dataset.

Logger Characteristics

A case study approach was used to determine the impact of increased shale exploration
on the logging workforce in the four-county epicenter. Purposeful sampling was used to
illicit insight from the cases chosen. This is a qualitative approach using an in-depth
interview allow researchers understand targeted issues of those surveyed without
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incorporating a priori directions (Patton 1990). For this approach, subjects were
selected deliberately because they possess characteristics of interest to the study
objectives. To understand the impacts of shale development on the logging in the
epicenter counties, we targeted both WV Division of Forestry county foresters as well as
industrial foresters working in the region. Four WV Division of Forestry foresters were
chosen, each of which was responsible for monitoring logging jobs in an epicenter
county for compliance with BMP regulations mandated by the 1992 WV Logging
Sediment Control Act. They were felt to be the best subjects for this approach because
they interacted on a daily basis with all loggers operating in the epicenter region.
Likewise, two industrial foresters were chosen for the sampling protocol. Each of these
foresters was responsible for logging and procurement for a hardwood sawmill located
in the epicenter counties. Only 2 industrial foresters were chosen because they
represented the only primary producers operating in the top drilling counties.

A survey instrument was developed and completed by the researchers during in-depth
phone interviews with the respondents. A total of 15 questions related to logging in the
top four drilled counties were developed. These research results report on the following
five question subset that are directly related to shale exploration and its impact on forest
operations in the region:

1. How much of the decline in logging jobs and acres harvested is due to the
economy versus shale exploration?

What factors are important in loggers making a decision to work in oil and gas?
What percentage of your loggers do you feel have worked on oil and gas jobs?
Have you seen a change in forest product markets that loggers are using?
Have loggers you work with been successful at utilizing roundwood that
originates from shale gas exploration?

aprwDd

Results and Discussion

Drilling and Harvesting Trends

A total of 584 horizontal Marcellus completions were recorded in 20 counties during the
period of 2009-2012. The top four counties in terms of horizontal completions during
this time period included Harrison, Wetzel, Marshall, and Doddridge, representing 60
percent of the total completions. Harrison county had the most of the four county
epicenter with 127 completions followed by Wetzel county with 78 completions.

A total of 12,170 harvesting operations representing 861,424 acres were conducted
statewide during the period of 2005 through 2008. This was reduced to 8203 jobs
representing 545,565 acres during the period of 2009 through 2012. Much of the 32.6
percent reduction in active jobs can be attributed to the economy and the significant
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retraction of the U.S. housing industry. Between 2005 and 2010 forest products
employment in the Northeast retracted by almost 30 percent (Woodall et al. 2011).

However, the magnitude of change was quite different when the drilling epicenter
counties were compared to all other counties combined. There was a 57.6 percent
decline in the number of jobs in the epicenter counties between the years of 2005-2008
and 2009-2012 compared to a 30.4 percent decline in all other counties combined.
Likewise, the number of acres in the epicenter counties pre and post- Marcellus
development declined by 57.3 percent compared to 35.0 percent in the less-impacted
counties.

Individual timber harvest size remained the same in the epicenter counties at 64.4 acres
during the pre-Marcellus period to 64.8 during the years after development was initiated.
In all other counties, individual harvest sized declined by 7 percent from 71.6 acres
during 2005-2008 to 66.5 acres during the period from 2009-2012.

Landcover Change

Each of the 35 well locations subsampled from the 352 completions had evidence of
natural gas development from the pre-period to the post-period. Completion records
ranged from early spring of 2009 through the fall of 2012. Two of the 35 locations
represented multiple horizontal lateral legs from the same well-pad, so individual
disturbance acreages were only recorded once for these episodes, reducing our sub-
sample to 33 completed well-pads. A total of 247.6 acres were recorded as disturbed
for the 33 pad sites. Approximately 154 acres of the well-pad sites were previously in
forest cover. The average well pad disturbed 7.5 acres (st.dev = 6.0 acres) and on
average approximately 4.7 acres (st.dev. = 6.0 acres) of the disturbed area was
previously in forest cover. The largest well pad sampled totaled 24.9 acres and the
smallest was 0.4 acres. On the 24.9 acre site, the entire well pad location was in a
forested tract therefore it also represented the highest amount of forest disturbance.

These results are similar to those found by Drohan and Brittingham (2012) who
observed an average well pad of 6.7 acres that ranged from 0.25 to 50.6 acres in
Pennsylvania. Conversely, Drohan et al. (2012) found that upwards of 54 percent of
well-pads occurred in forested land as opposed to the 62 percent found in this research.
The difference in land cover occurrence in PA versus WV is likely due to the increased
forest cover found in WV.

Loqgger Characteristics

Overall, all of the foresters attributed approximately 33 percent of their counties
increased downturn in the number of logging jobs and acres to shale-gas exploration.
However, industrial foresters, on average, felt that 62.5 percent of the downturn was
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drilling related while the WVDOF foresters felt only 18.8 percent was drilling related.
The difference in feelings was likely related to the industrial foresters closer business
ties with loggers in the region. As loggers began to work on natural gas infrastructure
jobs, their loss was much more detrimental to the industrial foresters bottom line and
thus likely more visible.

When asked what factors were important in loggers making a decision to work in the
natural gas field, all of the forester’s first response was related to the increased revenue
associated with shale exploration. Other reasons included less worry about managing
their business because they were subcontracting for gas companies; less equipment
issues, since most of their work required only a bulldozer; and finally decreased
business liability for insurance as well as environmental regulations, in particular
forestry BMPs. As loggers move to shale-gas development, they were able to increase
their revenue while at the same time decrease their expenses.

Overall, all of the foresters felt that 41 percent of the loggers they work with have
worked on natural gas related clearing jobs. As with the feelings on the decline in
logging jobs and acreage, the industrial and WVDOF foresters responses were quite
different. The industrial foresters reported that on average 67.5 percent of their loggers
worked on shale jobs. The WVDOF county foresters felt that on average only 27.5
percent of their loggers had worked these jobs. This response was likely due to the fact
that the industrial foresters worked with loggers working in shale exploration and
traditional harvesting jobs, while the WVDOF foresters are only required to inspect only
traditional harvesting jobs that require notification under the LSCA.

Only three of the foresters interviewed had seen changes in the markets loggers were
selling material to since shale-gas exploration started in the region. Both an industrial
forester and WVDOF forester, that worked primarily in the same county, saw a large
increase in the amount of roundwood that was being delivered for the production of
gasline blocking and equipment mats. Likewise, a second WVDOF forester felt that
much more roundwood was being sold into pulp markets that may have gone for
sawlogs or scragg wood in previous years. Itis interesting to note that neither the
equipment mat or pipeline blocking markets were identified in a 2008 study of
roundwood markets in West Virginia (Grushecky et al. 2013). As the shale-gas industry
continues to develop, these markets, as well as others, may provide increased
opportunities for loggers in the region.

All of the foresters interviewed felt that there could be a higher degree of utilization of
roundwood on shale-gas development sites. It was reported that a majority of the
roundwood was being marketed during drilling pad construction; however a tremendous
amount of material was being left in the woods after pipeline clearing work. One of the
WVDOF foresters reported that one pile of wood left to be burnt on a pipeline job
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contained at least 70 MBF of useable sawlog material. Likewise, one of the industrial
foresters reported that they furnished sawlogs to their mill during December-March of
2013 without felling a single tree. All of the wood they procured was from roundwood
piled during a recent pipeline install. During traditional timber harvesting jobs in WV, 95
percent of the roundwood that is 4 inches in diameter and greater is utilized once it is
severed (Grushecky et al. 2013), therefore, this is one area of shale-gas exploration that
could benefit from more interaction with the forest products sector in the region.

Shale gas development has increased substantially over the past four years in West
Virginia. This development has impacted the degree of timber harvesting being
reported, forestland cover, and logging operations in the most heavily drilled counties.
As natural gas exploration continues to increase in the region, more integration between
traditional forest products companies and shale exploration and related businesses is
needed. Increased integration will lead to proper planning which could benefit both
surface properties in this forest-dominated region as well as the industry that relies on
these resources for its survival.
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Comminution is an important pre-processing step required in biomass feedstock
preparation for various forest biomass energy conversion technologies. There are several
different forest biomass conversion technologies being developed (e.g. combustion,
gasification, and pyrolysis) and each system demands specific feedstock particle length and
thickness dimensions. Therefore, selecting the appropriate equipment and processing
configuration for size reduction is a crucial factor to consider in the production of bioenergy
from forest biomass. Matching the right fuel quality to a biomass conversion technology
effectively facilitates the energy conversion process and improves the economic feasibility of
forest biomass for energy production. In this study, we conducted a controlled experiment on
a horizontal grinder to evaluate the effect of three different grate combinations on machine
productivity, fuel consumption and particle size distribution for two different biomass types
(mixed conifer slash vs. hardwood whole-tree). Mixed conifer slash resulted in higher
grinding productivity and a lower fuel consumption rate than did hardwood whole tree. Small
grate size configurations in the grinder had low grinding productivity and higher fuel
consumption rates compared to large grate size configurations. High grinding productivity
and low fuel consumption rates were accomplished by using a new anvil type which is
manufactured with holes in the plate. The study also showed that production of small
feedstock particles from logging slash was operationally feasible by using small grates and a
newly designed anvil. Additional studies are needed to further control over-sized materials
and improve our knowledge on the effect of moisture content on grinding productivity,
especially with a wide range of grate size combinations.

Keywords: biomass energy, forest biomass, comminution, grinder grate, grinding quality.

INTRODUCTION

With rising fuel costs and enhanced environmental concerns, biomass energy from a
wide range of materials is receiving considerable attention globally as a valuable
renewable alternative to the use of finite fossil fuels (Han and Murphy 2012). Forest
biomass produced from mechanical thinning and conventional saw-timber harvesting
operations are one of the major feedstocks for bioenergy and biobased forest products
that can be processed and converted into valuable chemicals, heat, fuel and other
materials.

Forest biomass in its original state has wide range of moisture content (25-60%) and
feedstock types (unmerchantable trees, small-diamater trees, tops, limbs and chunks)



(Suadicani and Gambrog 1999). Variability in material size and moisture content creates
difficulties in handling and storage, therefore, matching the right fuel size and quality to
current conversion systems is important for improving consumer confidence in fuel quality
assurance. There are several different conversion technologies currently available including
combustion, gasification, pelletization, densification, pyrolysis, and torrefaction. Each system
requires specific size, moisture content, species, and contamination level.

Size reduction is the first step required for most biomass energy conversion processes.
The ideal wood fiber length and thickness varies widely by process. If a small particle size is
necessary, the energy used to reduce the biomass can be significant so it is important that the
most efficient reduction processes are used. The primary machinery used for biomass
reduction are chippers (disc and drum) and grinders (horizontal and tub). Each machine type
has its advantages and disadvantages. Chippers are better designed to process solid wood
fiber such as whole trees, large limbs, and chunks, by cutting woody material with a slicing
action. However, chippers generally have difficulty feeding and chipping material of mixed
dimensions, including tangled piles of tree stems and small-diameter branches. If the material
is pliable it can pass through a chipper as long slivers (spears), rather than chips. Chippers are
most efficient and best suited for high moisture wood (Jackson et al. 2007). The energy
required to chip low moisture content wood can be higher than green wood (Suadicani and
Gamborg 1999). Dry wood may require cooling water to be sprayed on the knives in order to
prevent overheating. Chippers also require clean wood to get satisfactory knife life. They rely
on sharp knives which are susceptible to knife wear from high soil content, metal
contamination, rocks, and stones.

Grinders reduce the size of woody biomass particles by repeatedly pounding them into
smaller pieces through a combination of tensile, shear and compressive forces. They usually
accept a wider range of grinding material types including whole trees, stumps, tops, brush,
and large forked branches. In addition, grinders are not as sensitive to contamination but bit
and grate life may improve with clean material. Grinders usually have lower energy
requirements with dry wood. Brittle wood typically fractures with less energy compared to
fresh more ductile wet wood. Grinders however, can produce undesired “fuzzy” products
with certain hardwoods, and other fibrous woods such as Palm and Juniper.

The quality of forest biomass for most conversion systems is normally connected to size
distribution, moisture content, tree species, contamination level, and ash content. Particle size
distribution is one of the most important issues in forest biomass energy because it
particularly affects transportation costs and combustion efficiency at the end-use location. It
also affects caloric value and durability during storage in the biorefinery (Nati et al. 2010). In
addition, particle size affects the energy requirement of the hydrothermal pre-treatment
needed for the conversion of woody biomass into liquid biofuels (Hosseini and Shah 2009).
They also have greater combustion time than smaller sized particles which reduces the net
utilization of the fuel. For energy production, the optimal particle size of biomass depends
upon the type of burners used and biomass conversion system. In Canada, a particle size of <
1in. is required for small boilers (< 1 MW) while a particle size of < 2 in. is enough for large
boilers (> 1MW) (Naimi et al. 2006). In Pacific Northwest of the United States, most biomass
energy plants generally require their fuel to be < 3 in. In addition, several fast pyrolysis
biofuel facilities simply specify that their feedstocks must be processed to a particle size of 2
inches or less because oversize or overlong particles can clog the auger feeding the
conversion facilities (Wechsler et al. 2010).

Particle size distribution is influenced by a number of factors such as machine type,
feeding material, moisture content, knife/bit setting and screen/grate sizes. Chippers usually
produce highly uniform particle size compared to grinders. For whole trees and tree tops,



chippers are often used to produce uniform sized chips with low contamination. For limbs
and chunks, grinders are generally used to produce fuel that is typically characterized by
having a “wide” size distribution of material. They are also capable of handling material with
a higher amount of contamination in the form of soil aggregates.

Moisture content of biomass feedstocks directly affects particle size distribution during
comminution for energy production. Suadicani and Gamborg (1999) examined the size
distribution of chips from freshly felled and summer dried trees in Western Denmark. They
found that summer dried trees produced less fine fractions (1/8 inches) and a more
homogeneous size distribution of chips than freshly felled trees. However, more coarse
(oversize) chips were produced from summer dried trees compared to chips from freshly
felled trees.

Feedstock species (i.e. hardwood or conifer) and types (i.e. limbs, tops, stems, etc.) also
have an influence on the particle size distribution of fuel. Many hardwoods such as oak,
beech, ash and sycamore have stiff branches, which will produce long particles and small
birch trees have pliable brances, which will give many thin overlong particles (Kofman 2006).
Nati et al. (2010) investigated the effects of different tree species (poplar and pine) and tree
parts (branches and logs) on chipping productivity and particle size distribution. They found
that poplar chips tend to be larger than pine chips and contain a higher proportion of oversize
particles. Chips produced from logs contained a smaller proportion of oversized particles and
a higher proportion of acceptable sized particles.

The different equipment options such as knives, bits, anvils, and screen sizes can also
have a significant impact on particle size distribution, machine productivity, and fuel
consumption. Chippers generally require clean wood to get a satisfactory knife life. Dull or
damaged knives in chippers will usually result in increased and inconsistent particle sizes.
Additionally, knife wear after chipping 215 GT of wood caused a significant reduction in
chipping productivity of up to 15% and a remarkable increase of fuel consumption of up to
60%, compared to new knives (Nati et al. 2010). Smaller screen sizes tend to reduce particle
size of chipped or grinded materials but the installation of such screen causes a significant
reduction of machine productivity and a remarkable increase in fuel consumption.

Literature on how to achieve specific feedstock particle sizes for different forest biomass
conversion systems is limited. Therefore, the aim of this study is to investigate the effect of
three different grate combinations on grinding productivity, fuel consumption and particle
size distribution for two different biomass types (mixed conifer slash vs. hardwood whole
tree).

MATERIALS AND METHODS

Field studies were conducted in June and September 2012 on private industrial
timberland in northern California. A track mounted horizontal grinder (Perterson Pacific
5710C) was used to comminute forest residues including limbs, chunks, tops, and small
diameter trees of mixed conifer and whole-tree hardwoods. The grinder was powered by
a Caterpillar C13 engine at 1050 horsepower with a drum rotor (32” diameter, 59 3/4”
wide, with 20 sets of bits) designed for land clearing, logging slash, and scrap board. The
grinder was fitted with a solid anvil, 3 inch grate, and two 4 inch grates to produce hog
fuel for energy plants. The loader (Linkbelt 3400) used to feed the grinder had a rotating
7 tine grapple, which swung dumped onto the grinder’s infeed conveyer. After
processing, the hogfuel was fed via conveyor into a positioned chip trailer.

Grinding operations were carried out on two different feedstock types: mixed conifer
slash and hardwood whole-tree (Table 1 and Figure 1). There were two different material
ages (2-month old vs. 1-year old) in each feedstock type. We selected four different units for



this study. Mixed conifer slash was collected from two different units. The stand composition
of the both units ranged from 51 to 61% redwood (Sequoia sempervirens), 18 to 30%
Douglas-fir (Pseudotsuga menziesii), 1 to 7% western hemlock (Tsuga heterophylla), and 7
to 13% tanoak (Lithocarpus densiflorus). Two units were selected for hardwood whole trees
and consisted of tanoak (46 — 68%), Douglas-fir (26 — 34%), redwood (8 — 13%), and western
hemlock (3 — 5%). For each feedstock type, 1-year old materials were felled in May 2011 and
used for our grinding study in June 2012. Two-month old materials were harvested in July
2012 and comminuted using a grinder in September 2012. The raw material composition used
in this study varied with feedstock type and date of saw-timber harvest (age) (Table 1).
Moisture content was also different with grinding operation times. Freshly felled trees
generally have higher moisture content than year old trees or summer dried trees (Suadicani
and Gamborg 1999). In our study however, 1-year old mixed confer slash had higher
moisture content than 2-month old slash because the former hadn’t dried after winter while
the later dried during summer (Table 1).

Table 1. Age, raw material composition, and moisture content of feedstock types used in this
experimental study.

Feedstock . Raw material 9omposition (%) Moisture
type Age Conifer limbs Cpnn_‘er stems Hardwood  Content
& chunks (>4 in. in diameter)  whole tree (%)
Mixed 2-month 6471 29 - 36 - 28
conifer slash 1-year 43 -71 29 - 57 - 42
Hardwood 2-month 13-15 27
whole tree 1-year 10-18 23

N A= May — ' i S i A
Figure 1. Mixed conifer slash (top) and hardwood whole trees (bottom) piled in the unit:

2-month old (left) vs. 1-year old (right)

In our study, four different types of feedstock were comminuted separately using the



same grinder with the same operators. For each feedstock type, three different treatments
were applied with three different grate combinations (3-4-4 inch grates with solid anvil, 2-3-3
inch grates with solid anvil, and 3-4-4 inch grates with holed anvil). Five replications (truck
loads) were applied for each treatment. In each replication, a time-motion study was
conducted to measure grinding time that corresponded to the time required to fill up a
standard chip van (maximum payload of 25 GT). Load weights were collected by scaling
tickets recorded at energy plants. Average fuel consumption rates for each treatment were
calculated using fuel level differences between the starting and ending points of daily
grinding operations.

Grinding samples were taken to determine particle size distribution and moisture content.
From each truck load, three sub-samples (app. 2.2 pounds for each sub-sample) were
collected from the top of the chip trailer at the front, middle, and end, and were then mixed,
weighed, and sealed in a plastic bag. The bags were tagged in order to identify the slash type
and treatment applied to each sample. In the laboratory, the samples were placed in aluminum
trays and put in a dry oven at 221°F for 24 hours and reweighed. Moisture content was
determined by a wet-based method.

Grinding particles for each dried sample were screened roughly by length using a chip
classifier (Model: BM&M Chip Classifier) with six screen trays (2, 1, 1/2, 3/8, 1/4, and 1/8
inch) and a fines tray, to obtain grinding particles distributed in five size classes (< 0.5 inches,
0.5-1.0inches, 1 — 2 inches, 2 — 3 inches, and > 3 inches). Wrongly classified particles were
manually sorted by length. The length was measured as the longest dimension of the particle.
Each of the five sorted classes was weighed separately. In the size distribution analysis, the
particle size of each class was based on its mass and expressed as a percentage of the total
mass of all five classes.

Data analysis was performed using Statistical Analysis System (SAS) (SAS Institute Inc.
2001) and Statistical Package for the Social Sciences (SPSS) (SPSS Inc. 1998). Data was
evaluated for normality before running the analysis. The effect of feedstock types on grinding
productivity was tested using a one-way analysis of variance (ANOVA). Regression analysis
was conducted to find the effects of feedstock type, age and grinder grate size on particle size
distribution. This simple and reliable approach is often used to check the effect of these
variables in forest engineering studies (Olsen et al. 1998). The significance level was set to 5%
(e =0.05).

RESULT AND DISCUSSION
Grinding productivity

Grinding productivity was significantly influenced by the feedstock type (mixed
conifer slash vs. hardwood whole tree) and by the grinder grate size (p<0.001; Table 2).
The effect of feedstock age (freshness), however, had no statistical significance because
there was no difference in moisture content between the 2-month old and 1-year
hardwood whole trees. Therefore, we could not reject the hypothesis that the productivity
obtained when grinding freshly felled feedstock was different from that obtained when
grinding 1 year-old feedstock.

For both feedstock ages and for all grate size combinations, the grinder was able to
fill a chip van with mixed conifer slash significantly faster (21 minutes) than with
hardwood whole tree (28 minutes) (p<0.001). There were statistically significant
differences in productivity when grinding mixed conifer slash and grinding hardwood
whole trees (p<0.001). Mixed conifer slash was consistently more productive by up to 31
percent compared to hardwood whole tree (Table 2). The average productivity for
grinding mixed conifer slash was 42.7 BDT/hr and the average productivity when



grinding hardwood whole trees was 34.1 BDT/hr. There are several factors that influenced
productivity. The main factor influencing grinding productivity was the feedstock type. The
grinder had more difficultly comminuting hardwood whole tree due its hardness and larger
diameter stem pieces. Similar results were reported by Spinelli et al. (2011). They
investigated the effect of feedstock species on chipping productivity and found that softwood
had a higher chipping productivity than hardwood.

Different grate size combinations significantly affected grinding productivity in both
feedstock types, with exception of 1-year old mixed conifer slash (p<0.05; Table 2). Grinding
productivity (BDT/hr) was dramatically decreased by up to 30% when grinding using a
smaller grate size combination. Arthur et al. (1982) also found substantial increases in
grinding productivity that resulted from increasing the size of the holes in screens. Grinder
anvil type also influenced grinding productivity. The use of holed anvils produced slightly
higher productivity than the use of solid anvils but there were no statistically significant
differences in productivity between the solid anvil and the holed anvil. More experimental
studies will be needed to more precisely determine the effect of grinder anvil type on
machine productivity.

Table 2. Average moisture content, productivity in bone-dry metric tonnes (BDmT) per
productive machine hour (PMH), and fuel consumption rate (gallon per BDT) of a grinder for
different feedstock types, ages, and grinder grate combinations.

. Average
Grinder Average
Average - fuel
Feedstock  Feedstock grate . grinding .
. molsture LS consumption
type age combination content (%) productivity rate
(inches) (BDMT/PMH) (Gal./BDMT)
Mixed omonth SA-3-4-4 26.8a' (5.53)°  43.0a (4.20) 0.74
conifer old SA-2-3-3  27.1a(4.19) 39.0b (2.03) 0.80
slash HA-3-4-4  259a(1.11) 45.3a (3.63) 0.69
Mixed SA-3-4-4  41.4a(2.63) 42.6a (3.40) 0.69
conifer l-yearold SA-2-3-3 40.9a (5.02) 41.1a (4.01) 0.90
slash HA-3-4-4  42.9a(3.59) 45.1b (3.91) 0.57
) SA-3-4-4  24.8a(2.93) 38.2a (4.32) 1.03
mﬁ‘é"a‘;‘; 2 rglod”th SA—2-3-3  26.0a(240) 27.2b(1.21) 1.72
HA-3-4-4  25.2a(4.42) 39.5a (2.69) 0.84
Hardwood SA-3-4-4  21.6a(3.73) 37.2a(3.76) 0.96
whole tree l-yearold SA-2-3-3  20.8a(3.80) 31.7b (2.68) 1.57
HA-3-4-4  22.6a(1.57) 29.7b (2.54) 1.02

" Different letters within a column indicate significant differences between values within each feedstock type and

age (p<0.05)

Standard deviation

Fuel consumption rates
Fuel consumption rates (gal/BDmT) for each treatment are presented in Table 2. Fuel
consumption rate was influenced by feedstock type, grate size, and grate type. In this study
however, no statistical analysis was performed to find the effect of these variables on fuel
consumption rates because the average fuel consumption rate for each treatment was



determined by dividing the total fuel consumed by the total feedstock weight produced
during each of the five replications per treatment.

In both feedstock ages, hardwood whole trees had higher fuel consumption rates
than mixed conifer slash. The average fuel consumption rate when grinding hardwood
whole trees was around 64% higher than when grinding mixed conifer slash (Table 2).
Similar results were also reported by Spinelli et al. (2011). Their study investigated fuel
consumption rates when chipping softwood stems and hardwood stems and reported that
hardwood stems had 7 to 14% higher fuel consumption rates than softwood stems. These
results can be attributed to the physical properties of hardwoods such as high bending
strengths, stiffness, specific gravity, and hardness. These properties vary with species
and region but generally hardwood are more dense, fibrous, and harder than softwood
(Haygreen and Bowyer 1982). Therefore, hardwood is more difficult to grind and
requires more fuel to comminute.

Grinder grate size and type also affected fuel consumption rates in all of the
feedstock types (Table 2). As expected, fuel consumption rate increased with smaller
grate sizes. SA-2-3-3 inches grate combinations had 20 to 65% higher fuel consumption
rates than SA-3-4-4. The differences between both grate combinations were especially
higher in hardwood whole trees (65%) than in mixed conifer slash (20%). In different
anvil treatments, the use of a holed anvil resulted in less fuel consumption than the use of
sold anvil in all treatments, except 1-year old hardwood whole tree. Conversely, the
solid anvil had slightly lower fuel consumption rates than the holed anvil in 1-year old
hardwood whole tree.

Particle size distribution
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Figure 2. Particle size distribution in % for different feedstock types and ages and grinder
grate combinations



The results of the particle size distribution analysis are reported in Figure 2. On average,
all treatments produced a significant proportion of acceptable sized particles (< 3 inches:
particle size required for most of the biomass energy plants in Pacific Northwest), which
varied from 51 to 89%, of the total sample weight (Figure 2). Mixed conifer slash produced a
higher proportion of acceptable particle sizes (84%) than hardwood whole tree (69%) for all
treatments. In addition, the smaller grate size increased the proportion of the acceptable
particle size by as much as 89% in mixed conifer slash. However, the results of our grinding
study show a lower acceptable size proportion compared to past chipping studies. Nati et al.
(2010) found that pine logs and limbs had high percentage of acceptable size chips of up to
95% of total chip size distribution.

Table 3. Regression equations relating the percentage of a given particle size class in
different feedstock types and ages and grinder grate combinations. Only variables with a
significance level of p<0.05 were included in the regression equations.

Particle : Mixed SA-
. Adjusted F- P- . 1-yr old 2—3-31in.
size class 2 Intercept  conifer Y
. R value value 1 material grate
(in.) slash .. 3
combination
>3 0.70 32.3  <0.0001 34.9 -14.9  No effect -11.3
3-2 0.46 11.7  <0.0001 19.6 -4.8 2.0 0.4
2-1 0.24 4.4 <0.005 24.2 -14 No effect 4.1
1-05 0.29 5.6 <0.005 10.0 3.9 No effect 4.2
<05 0.76 43.7  <0.0001 11.2 17.1 -3.4 2.6

*Indicator variable for mixed conifer slash, equals 1 if feedstock type is mixed conifer slash, 0 if hardwood
whole tree

2 Indicator variable for 1-yr old material, equals 1 if feedstock age is 1-yr old, 0 if 2-month material

3Indicator variable for SA-2-3-3 inch grate combination, equals 1 if grate combination is SA-2-3-3, 0 if SA-3-4-
4 or HA-3-4-4.

Regression analysis was conducted to investigate the significance of different feedstock
types and grate sizes on particle size distribution. The results of the regression analysis are
presented in Table 3. Only variables with a significance level of p<0.05 were included in the
regression equations. Mixed conifer slash produced smaller particles than hardwood whole
trees. Oversized particles (> 3 inches) were significantly more frequent in hardwood whole
trees and the amount of oversized hardwood particles increased with smaller grate size
combinations. The quantity of fine particles (< 0.5 inches) was significantly higher in mixed
conifer slash than in hardwood whole trees. These results were probably related to species
and tree part. Similar results were reported in past chipping studies. Nati et al. (2010) and
Spinelli et al. (2011) reported that chips produced from softwood tend to be smaller than
chips produced from hardwood. In addition, the amount of fine particles was significantly
higher in chips produced from branch material and from pine. Kofman (2006) also reported
that hardwood species with stiff and pliable branches will produce thin overlong particles that
may easily pass through the small screen or grate.

The moisture content of feedstocks in grinding operations has significant effects on
particle size distribution. In general, the content of fines decreased with increasing moisture
content and a more coarse size distribution was produced from summer dried trees, compared
to freshly felled trees (Suadicani and Gamborg 1999; Spinelli et al. 2011). In our study, the



age (freshness) of feedstock did not have any significant additional effect in the oversized
class. The effect of feedstock age was only found in large (3 — 2 inches) and fine (< 0.5
inches) particle classes. As expected, fresh feedstock type showed a tendency to produce a
smaller proportion of large particles and a larger proportion of fine particles.

The effect of different grate size combinations on particle size distribution was apparent
in all of the feedstock types. The smaller grate size combination significantly reduced the
proportion of oversize particles and produced a higher proportion of acceptable particle sizes.
Contrary to our expectations, the use of holed anvil on a 3-4-4 grate combination did not have
a significant effect on size class distribution. However, the holed anvil tended to reduce the
amount of oversized particles and increased the amount of particles that were one inch or less
when grinding mixed conifer slash.

CONCLUSION

Currently, several biomass conversion technologies (e.g. combustion, gasification, and
pyrolysis) have been developed for biomass energy production; most of which have specific
fuel classification guidelines (e.g. size, moisture content, and contaminants) that are unique to
each facility. Therefore, matching the right fuel quality to the appropriate conversion
technology may enhance the economic viability of forest biomass utilization. In this study,
we conducted a controlled experiment on a horizontal grinder to evaluate the effect of three
different grate combinations on machine productivity, fuel consumption and particle size
distribution for two different biomass types (mixed conifer slash vs. hardwood whole-tree).

Grinding productivity was significantly influenced by the feedstock type and grinder
grate size. Mixed conifer slash had a higher grinding productivity than hardwood whole
tree. The average productivity for grinding mixed conifer slash was 42.7 BDT/hr and the
average productivity when grinding hardwood whole trees was 34.1 BDT/hr. Grinding
productivity was also dramatically decreased by up to 30% when grinding using a
smaller grate size combination. The use of holed anvil produced slightly higher
productivity than the use of solid anvil but there was no statistical significance. Therefore,
more directed studies will be needed to determine the effect of grinder anvil type on
machine productivity.

Fuel consumption rate was influenced by feedstock type, grinder grate sizes and
grate type. Hardwood whole trees had higher fuel consumption rates than mixed conifer
slash. Fuel consumption rate increased with smaller grate sizes. SA-2-3-3 inches grate
combinations had a 20 to 65% higher fuel consumption rate than SA-3-4-4.

In the particle size distribution analysis, mixed conifer slash produced a higher
proportion of the acceptable particle size than hardwood whole tree. The smaller grate size
combination was beneficial in significantly reducing the proportion of oversize particles
while producing a higher proportion (89%) of acceptable particle sizes in mixed conifer slash.
The use of holed anvil tends to reduce amounts of oversize particle and increase amounts of
particles that were one inch or less when grinding mixed conifer slash but it was not
statistically significant. Therefore, further experiment will be needed to find stronger
evidence for the effect of holed anvils on particle size reduction. If our results are supported
by future researches, the use of hold anvil will be the most efficient grinding methods
because the test conducted with holed anvil had higher grinding productivity and lower fuel
consumption rates with efficient size reduction of particles.

Moisture content of forest biomass is often considered a critical factor affecting grinding
operations. In our study, however, the effect of moisture content on grinding productivity,
fuel consumption, and particle size distribution was not examined because the moisture
content of freshly felled trees had been quickly reduced, by up to 25% within 8 weeks of



summer. Therefore, further research is needed to determine the effect of moisture content on
grinding operations.
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Modelling Dynamic Skyline Tensions in Rigging Configurations:
North Bend, South Bend, and Block in the Bight Case Studies

Hunter Harrill* and Rien Visser?

Abstract

In New Zealand the proportion of forest land requiring cable extraction is likely to
increase from a current 40% to more than 60% in the next 10 year period. Previous
studies have shown that there are a number of different rigging configurations used,
and some are more preferred than others in a given location. This study attempted to
guantify the skyline tensions due to dynamic (i.e. shock) loading for each of the Fall
Block rigging configurations: North Bend, South Bend and Block in the Bight. The
effect of choker length was also tested. Simulated yarding tests were performed
using the University of Canterbury’s School of Forestry Model Yarder. Skyline
tension was measured using a load cell connected to a laptop computer recording
skyline tensions to the nearest gram continuously at 20 reading per second. The
laptop computer also recorded video of operation and line tensions simultaneously
using Snagit video capturing software. The video was later used for time study
analysis. Results indicated that compared to others the North Bend configuration had
the lowest peak tensions when the load was dropped into full suspension and when
bridling. South Bend was found to have the lowest peak tensions during simulated
collisions with ground objects. A two-way ANOVA performed for each yarding
simulation, indicated that the drop test was the only case where rigging configuration
was a statistically significant variable. Longer chokers increased the magnitude of
shock loading significantly in most cases.

Introduction

Cable logging is the process of extracting trees using winch and cable systems. This
practice is often used on steep terrain where more cost-effective ground-based
methods are not feasible or safe. In New Zealand the proportion of forest land
requiring cable extraction of logs will increasing from a current 40% to more than
60% in the next 10 year period (FFR 2010, MAF 2010). The total annual harvest
volume is also expected to increase from 23 to 30 million m* (NZFOA, 2012). The
number of yarders (i.e. machines used for cable logging/yarding) and cable yarding
crews is growing to meet the increasing demand for this extraction process. Visser
(2013) indicated that in the last 10 year period on average two yarders per month
have been imported into New Zealand. To keep up with the future increase in
harvest volume over the next decade and the increasing percentage of steep terrain,
there will have to be twice as many crews as currently operating.

There are many different methods that can be used when cable logging. First, we
commonly differentiate these by what skyline system is being used (i.e. none,
standing, live, or running). Furthermore, we then classify which types of additional
gear (i.e. ropes, carriages, and blocks) are used into a specific category called a
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rigging configuration. There are a number of different rigging configurations which
can be used, and some are more preferred than others in a given location (Studier
and Binkley 1974; FITEC 2000). Deciding which rigging configuration to use can be
challenging and is usually chosen based on the available equipment of the crew, the
site conditions, among many other variables; but is often chosen based on the
experience and comfort of the crew.

Survey work from Harrill and Visser (2011) found there were approximately 10
different rigging configurations commonly used in New Zealand, with the North Bend
configuration being the most common, followed by Grabinsky (colloquially know as
“scab”), shotgun, and highlead. However, in the last five years only 20% of crews
had tried using any other configurations outside of the four most common. This is
particularly interesting when considering the Fall Block rigging configurations (i.e.
North Bend, South Bend, and Block in the Bight) of which North bend is most
popular, but only different to the others based on the main line geometry; yet only
few crews surveyed had tried South Bend, and the majority were not familiar with
Block in the Bight.

Very few studies with the exception of Kellog (1987) have tried to compare various
rigging configurations in the same operating conditions. There has been plenty of
work over a period from the 1960’s to the 1980’s that described static tensions in
logging cables and how to calculate them. Woodruff (1984) developed a computer
program to analyse static tensions for the Fall Block configurations: North Bend,
South Bend, and Modified North Bend. The industry uses a safety factor of three
when calculating the payload potential for logging skylines (Studier and Binkley
1974).Safety factors provide room for dynamic forces, sometimes called shock
loading that can often send temporary fluctuations in stored elastic energy through
the system (Pyles and Womack 1994; Womack et al. 1994; Visser 1998). Dynamic
forces can sometimes be greater than the payload itself, and if not accounted for
through the safety factor, could lead to a skyline failure and potential injury to
workers. Unfortunately, very little work has been completed in monitoring of dynamic
forces in cable logging and none have aimed to compare these tensions between
rigging configurations. This study aims to quantify and compare the observed
skyline tensions using a model yarder, by simulating common situations that are
known to cause shock loading.

Objectives

Quantify the skyline tensions due to dynamic (i.e. shock) loading for each of the Fall
Block rigging configurations when:

1. The load suddenly drops into full suspension.

2. The load collides with a ground object.

3. Bridling to reach stems away from the skyline corridor.
Methods
Equipment

All simulated yarding tests were performed using the 1:15 scale University of
Canterbury’s School of Forestry Model Yarder (Figure 1). The yarder was custom
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built, including a 2m adjustable spar, with electric variable speed motor, and a four
drum winch set. The synthetic ropes originally manufactured for yachting, range in
diameters from skyline (4mm) to main line and haulback (3mm) and tagline (2mm).

Skyline tensions were measured with the use of a PT Global PT1000 Single Point
load cell and custom built mounting bracket along with a PT200M display unit (Figure
1). The display unit was connected to a laptop computer which recorded skyline
tensions to the nearest gram continuously at 20 reading per second. The laptop
computer also recorded video of operation and line tension simultaneously using
Snagit video capturing software and the laptops built in camera. The video was later
used for time study analysis.

Figure 1: UC Model yarder and PT Global load cell with custom built mounting bracket and display
unit.

Operations Description

Three tests were performed to simulate common causes of shock loading during
cable yarding operations (Figure 2). Each test was repeated 10 times for each of the
three rigging configurations (e.g. North Bend, South Bend, and Block in the Bight);
five of which used long choker lengths (55 mm) and the other five used short choker
lengths (32 mm). The same 4.92 kg log was used for every yarding test, and it was
positioned in the same starting spot each time. The span was 12m and the spar
height and tail hold height were 2.32 and 2.05 m respectively. The haulback talil
block was placed directly in line with the skyline at a height of 1.15 m from the
ground except during the bridling test. The skyline was set at 10% mid-span loaded
deflection for each test, measured using a laser level. The yarder’s motor was set to
the desired speed level (approximately 0.3 m/sec) and audible signals were used to
annotate operational procedures. The operator took special effort to control the drag
as consistently as possible for each test, in an attempt to minimize variability due to
operator.
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Figure 2: Diagram of the three tests performed (A) Drop, (B) Impact, and (C) Bridling.

Drop Test

The drop test (Figure 2A) started with the log at mid span (6m) resting on the
ground. The main line was pulled in with brake applied to the haulback until slack
was taken out of the line and the log began to move. Brake pressure was reduced to
the haulback to allow the log to be yarded forward and up the ramp. The log was
then pulled over the end of the ramp into full suspension generating a shock load,
and then continued along the skyline corridor until it reached the tower, where it was
lowered to the ground.

Impact Test

The impact test (Figure 2B) started in the same position as the drop test. The log
was then yarded forward 45 cm until it collided with the bottom of the ramp where it
initially stopped until slack was pulled out the ropes and enough force was generated
to dislodge the log, generating a shock load. The log continued to be yarded to the
tower and then lowered the same as in the drop test. The haulback and main ropes
were operated in the same manner, only this time less brake pressure was applied to
the haulback in order to maintain ground leading of the log to ensure a collision with
the ramp edge.

Bridling Test

The bridling test (Figure 2C) started with the log resting on the ground at 10.35 m
from the tower and offset to one side of the skyline by 1.20 m where it would
normally be too far away to reach with either size of chokers, thus requiring the
practice of bridling. The tail block was offset 1.20 m from the skyline and placed
directly behind the log at ground level. The mainline was pulled in while applying
pressure to the haulback brake until partial suspension was generated. Brake
pressure was then decreased to allow the log to be yarded laterally back under the
skyline corridor, and eventually along the corridor until mid span where it was
lowered to the ground.
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Data Analysis

Video recording along with the sound feed of audible signals was used to perform a
time study on individual yarding cycles (Figure 3). Cycles were broken down into
extraction cycle segments: breakout of the log, yarding or lateral yarding, yarding up
ramp, full suspension, and lowering the load. The maximum tensions observed
during those time segments were recorded into Microsoft Excel spreadsheets to
generate graphs and summary statistics. The data was screened for normality and
then used to perform a two-way analysis of variance (ANOVA) in Minitab®. A Tukey
test was included for the purpose of making a comparison of maximum tensions
between rigging configurations. In all test the null hypothesis was that there was no
difference in maximum skyline tension between treatments.
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Figure 3: Simultaneous video recording of yarding cycle and skyline tension monitoring using Snagit
software.

Results and Discussion

Drop Test

ANOVA for the drop test indicated that both the variable of choker length and rigging
configuration were statistically significant but not the interaction between them, with
P-value<0.01 and P-value<0.00; a = 0.05 respectively. Maximum tensions were
consistent within treatments, with longer chokers generating higher tensions and
showed that South Bend behaved quite similar to Block in the Bight (Figure 4).
Higher tensions with longer chokers can be explained by the log having to fall further
and therefore attain higher velocity. South Bend and Block in the Bight may perform
similarly but the Tukey test found them to be significantly different from North Bend.

% Minitab Version 16.2. Minitab Inc., State College, PA, USA

Harrill & Visser 2013 Council on Forest Engineering Annual Meeting



15000
14000 E ==
13000 - = == g
2000 |

A=F

1000 -

Skyline Tension (g)

0000 -
9000 - ¥
8000

ShortChokeALong Choker|
North Bend

iShort Choker|Long Choker|Short Choker|Long Choker|
South Bend Block in the Bight

“Min Outlier ~ *Max Qutlier

Figure 4. Maximum skyline tensions generated during drop test with log in full suspension.

Impact Test

ANOVA found no statistical significance in either rigging configuration or choker
length for the impact test. What is interesting to note however, is how similar
tensions were between the long and short chokers when the Block and the Bight
rigging configuration was used as compared to others (Figure 5). South Bend with
short chokers produced the lowest tensions, which can be attributed in part to the
more upward lift generated by the geometry of the main rope and fall block used. It
was also observed that this configuration performed very well at avoiding the ground
object as several cycles were repeated since the log avoided collision altogether.

15000 +
14000 4

S13000]
212000 -
1000 | ==
210000 - él : ﬁ

9000 -
8000

Skyline Tension (g

G R i

Short Long
Choker Choker

North Bend

Short Long
Choker Choker

South Bend
#*Min Qutlier xMax Outlier

Short Long
Choker Choker

Blockin the Bight

Figure 5: Maximum skyline tensions generated when log had collision with ground object.

Bridling Test

During bridling maximum tensions recorded during the initial breakout component of
the yarding cycle were somewhat similar with exception of Block in the Bight using
long chokers (Figure 6). The video footage shows the skyline in this setup deflecting
into view of the camera lens, when other configurations did not. This can be
somewhat explained by how the mainline had to pull more rope onto the drum than
with short chokers, which put more tension on the mainline and haulback to attain
the same amount of desired lift to the log, thus allowing the coefficient of friction to
be reduced and allowing the log to move forward. The increased tension in mainline
and haulback is partially transferred to the skyline and in this case is exaggerated by
the geometry of the mainline and the purchase in the fall block; where the terminal
end is connected to the skyline carriage. ANOVA results indicated that only choker
length was statistically significant (p-value<0.00, a = 0.05).
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Figure 6: Maximum skyline tensions generated during initial breakout while bridling.

Once the log was moving during the component of lateral yarding the exacerbated
effect of the long choker length on Block in the Bight was reduced. However, choker
length was still the only variable to have statistical significance (p-value < 0.00, a =
0.05). The longer choker length also produced greater variability in maximum
tension, but more so for the South Bend and Block in the Bight configurations (Figure
7). This again may be somewhat explained in the geometry of the main rope and fall
block, where North Bend does a better job of equalizing the tensions when the fall
block runs back and forth on the mainline rather than straight up and down with the
double purchase of the others.
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Figure 7: Maximum skyline tensions generated during lateral yarding when bridling.

Conclusion

The study results, using a model yarder, showed that there were differences in
skyline tensions between rigging configurations and varying choker length for the
same application. However, statistical analysis proved that in all tests with exception
to the drop test that there was no significant difference in maximum skyline tensions
generated based on which rigging configuration was used. There was no significant
difference in skyline tension between any of the treatments when the log had a
collision with a ground object, although South Bend yielded the smallest tension and
performed best in avoiding collision. In both the initial breakout and lateral yarding
components of a cycle during bridling, choker length was the only variable found to
be statistically significant. Where longer chokers produced higher and more variable
skyline tensions especially when using Block in the Bight during breakout, and while
lateral yarding with South Bend or Block in the Bight.
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Results suggest that in some cases one configuration might be more preferred than
another based on potential skyline tension. However, there are other ropes involved
in these configurations which are subject to shock loading like the haulback and
especially the mainline, and in some occasions the mainline tension can limit the
allowable payload. Monitoring tensions on these operating ropes requires a load cell
that allows the moving ropes to pass through the device. Monitoring of the mainline
and haulback were outside of the scope of this research but warrant further
investigation. It is also important to note that tensions and shock loading in this study
will differ due to scale issues, especially with respect to rope self weight. Where a
common 28 mm skyline weighs approximately 3.12 kg/m and can account for a large
portion of vertical forces, compared to 13.7 g/m used with the model yarder.
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Modeling and Optimization of Woody Biomass Supply Chains in the
Northeastern United States

Damon Hartley?!, Jingxin Wang?

Abstract

In the Northeastern United States, as in many places around the country, interest
has developed in the increased use of renewable resources for the production of
energy. While regions such as the Southwest and central have focused on the
development of solar and wind technologies; these technologies have limitations
on their effectiveness. In the Northeast, biomass derived from forests and short
rotation woody crops (SRWC), may hold the key for renewable energy production
in the region. While woody biomass is a potential feedstock for a diverse set of
energy development options, little emphasis has been placed on developing
supply chains to efficiently deliver the resource to the end user. Developing
efficient supply chains is predicated on identifying configurations that will
optimize the harvest, extraction, transport, storage and preprocessing of the
woody biomass resources to provide the lowest possible delivered price. The
characteristics of woody biomass, such as spatial distribution and low bulk
density, tend to make collection and transport difficult as compared to traditional
energy sources. These factors, as well as others, have an adverse effect on the
cost of the feedstock. The objective of this research is to identify potential supply
chain alternatives, through the use of mathematical modeling and computer
simulations, that will potentially be able to provide sufficient quantities of biomass
resources that can be utilized in the production of renewable energy at an
economical price.
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Assessment Of Feller-Buncher And Harvester Caused Stand Damage
In Partial Harvests In Maine

Patrick Hiesl* and Jeffrey G. Benjamin?

Abstract

In the summer of 2012 a productivity study of whole-tree and cut-to-length
systems in partial harvests in Maine was carried out. A residual stand damage
assessment was conducted prior to skidding and forwarding to isolate the impact of
harvesting equipment on post-harvest conditions. Damage was classified in three
categories — low (bark scuff), medium (cambium broken but sapwood still intact), and
high (cambium and sapwood broken). Wound size and distance to the bottom of each
wound were measured to the nearest cm. Distance from trail center was measured
perpendicular to the trail for each damaged tree. Results show that stand damage
(medium and high) caused by feller-bunchers ranges from 7% to 25% of the residual
trees, and for harvester from 19% to 40%. No significant difference could be found in
the distance of damaged trees from trail center (p>0.508) or the height of first
occurrence of damage (p>0.440) among the three damage classes for feller-buncher
and harvester. The stand damage caused by feller-buncher and harvester is
significantly different (p=0.007), with the harvester damaging the greater number of
trees. Further stand damage measurements will be taken in the future to increase the
sample size and to further investigate the damage caused by individual machines and
harvesting systems.

Introduction

It is well documented that mechanical harvesting systems can cause significant
damage to residual stems under a variety of site conditions and management
objectives. Coup (2009) reviewed stand damage studies throughout the northeast
region and found that 30% - 42% of the trees in a harvest block were injured to some
degree. Benjamin et al. (2012) found that an experienced and conscientious cut-to-
length (CTL) operator harvesting at 24.4 m trail spacing produced less than 10% stem
damage in a thinning operation. Clearly operator experience, machine configurations,
site conditions and harvest prescription play an important role in minimizing damage to
residual stems. Post-harvest assessments of this nature typically measure stem
damage with respect to a qualitative scale related to size, location and significance of
individual wounds (Ostrofsky and Dirkman 1991; Ostrofsky et al. 1986) and several

! patrick Hiesl (patrick.hiesl@maine.edu), Graduate Research Assistant, University of Maine, School of Forest
Resources, 5755 Nutting Hall, Orono, ME 04469
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studies in this region have applied this technique (Benjamin et al. 2012; Coup 2009;
Cline et al. 1991)summarized the effect of stand damage on tree growth from a number
of studies conducted in Europe, Russia and the USA. The prescriptions ranged from
pre-commercial thinnings to partial harvests and clear cuts in mostly Norway spruce
(Picea abies) stands. Stand damage was caused in parts by tractors and mechanized
harvesting systems. Vasiliauskas (2001) found that tree damage can decrease growth
by 5% to 35%. Studies from Finnland and Sweden show the negative effect of 25%
reduction in height growth due to root damage from mechanized harvesting (Wasterlund
1988; Isomaki and Kallio 1974) and a reduction of 35% in radial growth (Isomaki and
Kallio 1974) in Norway spruce stands.

All of the previous studies focus on post-harvest stand damage caused by a
harvesting system (e.g. feller-buncher / grapple skidder or harvester / forwarder).
However, Bruhn (1986), published stand damage caused by three feller-bunchers
(drive-to-tree and swing-to-tree with shearheads) in thinnings of pole-sized northern
hardwood stands in Michigan. The reported damage ranges from 18% to 40% of the
residual trees. Stand damage of 48% of the residual trees caused by feller-buncher was
reported by Matzka and Kellogg (2003) who operated in noble fir (Abies procera) stands
in Oregon. Stand damage information available in this region consists of the damage
caused by a harvesting system and does not differentiate between felling and extraction
machines. There is a need of stand damage information for harvesting machines to
highlight the importance of operator training in order to further reduce stand damage.

Materials and Methods

In the summer of 2012 a harvesting equipment productivity study was carried out
in Maine for whole-tree (feller-buncher / grapple skidder / stroke delimber) and cut-to-
length (harvester / forwarder) systems. After the harvest the stand density was
measured along horizontal line samples and the opportunity was given to take note of
the feller-buncher and harvester caused stand damage before the skidding and
forwarding. Due to the delay of the skidding and forwarding of the harvested wood of
several days and weeks, and due to the limited time available for research, the stand
damage after the skidding and forwarding process could not be measured.

Data were collected on seven whole-tree and three cut-to-length harvest sites.
Initial stand densities ranged from 1000 trees/ha to over 2500 trees/ha, with basal area
between 25 m%ha and 54 m%ha (Table 1). Horizontal line samples (Husch et al. 1982;
Beers and Miller 1976; Strand 1958) using a prism with a basal area factor of
approximately 4.7 m?/ha (20 ft*/acre) were taken before the harvest to establish the
initial basal area, stand density and dbh distribution. Immediately after the harvest,
basal area and stand density measurements were taken along the same line. In
addition, tree damage was recorded for residual trees greater 5 cm in dbh. Damage was
classified in three severity classes — low (bark scuff), medium (cambium broken but
sapwood still intact), and high (cambium and sapwood broken) (Ostrofsky and Dirkman
1991, Ostrofsky et al. 1986). Wound size and distance to the bottom of each wound
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were measured to the nearest 2.5 cm (1 inch). Distance from trail center was measured
perpendicular to the trail for each damaged tree.

Table 1: Site, stand and machine conditions for whole-tree and cut-to-length harvest
sites studied.

Site # System Trail Initial Density Initial Basal Area Basal Area Slope
Spacing (m) (trees ha™) (m” ha") Removed
1 WT 18.3 1756 26.8 67% 3%
2 WT 30.5 1015 32.8 48% 11% - 14%
3 WT 19.8 2104 54.6 15% 5% - 7%
4 WT 24.4 1934 27.3 66% 7%
5 WT 18.3 1469 34.4 54% 2%
6 WT 24.4 1062 25 33% 7% - 12%
7 WT 24.4 2536 29.4 76% 3%
8 CTL 15.2 1403 37.3 57% 17% - 35%
9 CTL 18.3 2596 47.9 25% 1%
10 CTL 18.3 1630 274 45% 2%
Site # Harvested dbh Power Work Operator Productivity Stand
(cm) (hp) Hours Experience * (m*PMHY) ° Damage °
1 10-48 241 8800 7 years 42 29%
2 10-43 167 10000 13 years 22.8 7%
3 10 - 53 300 196 8 years 62.3 8%
4 10-63 284 11800 4 years 48.9 19%
5 10 - 58 241 9000 7 years 66.1 18%
6 10-58 228 10000 1 year 59.2 12%
7 10 - 38 241 8800 15 years 31.2 26%
8 10-56 300 2800 4 years 33.2 57%
9 10 - 38 215 14650 12 years 13.9 30%
10 10-30 228 5000 <1 year 10.5 25%

a Operator experience in feller-buncher/harvester.
Productive Machine Hours including breaks less than 15 minutes.
¢ stand damage of residual trees. Includes low, medium and high damage categories

Results

Residual stand damage across all three severity classes ranges from 7% to 29%
and 25% to 57% for feller-buncher and harvester, respectively (Table 1). Stand damage
caused by harvesters is higher than that caused by feller-bunchers with an average for
each damage class of 16% to 20% and standard deviations of 10% to 17% (Figure 1).
Results of a one-way ANOVA show that there is a significant difference (p=0.007) in
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stand damage between feller-buncher and harvester. These stand damage numbers
include all three classes (low (n=16), medium (n=15), high (n=21)) of stand damage.
However, the low stand damage class is only a bark scuff and will be excluded from
further results. Residual stand damage of medium and high damage combined ranges
from 7% to 25% and 19% to 40% for feller-buncher and harvester, respectively (Figure
2). The residual stand damage represents a basal area of 2% to 26% and 16% to 27%
of the residual basal area for feller-buncher and harvester cut stands, respectively
(Figure 2).

Feller-Buncher and Harvester Caused Stand Damage Stand Damage (medium and high combined)

:[ | e

T T T
low medium high Tree Damage BA Damage Tree Damage BA Damage
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B Harvester
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Figure 1: Average stand damage caused Figure 2: Residual tree damage and

by feller-buncher and harvester including represented post-harvest basal area (BA)

standard deviation error bars. for medium and high damage combined
for feller-buncher and harvester. Tree
Damage is the percentage of damaged
trees in a stand. BA Damage is the
percentage of basal area that the
damaged trees represent in a stand.

Damaged trees are situated between 1.2 m and over 10 m from trail center
(Figure 3). A one-way ANOVA in combination with Tukey’s HSD pairwise group
comparison shows that there is no significant difference in distance to trail center
(p>0.508), and height of damage (p>0.440) among the damage classes for feller-
buncher and harvester caused damage. The height of the first occurrence of damage on
a bole ranges from 0 m to over 7 m (Figure 3). No significant difference could be found
in the distance from trail (p=0.829), and height of damage between feller-buncher and
harvester (p=0.574). Four outliers had to be removed to adhere to ANOVA assumptions
for the analysis of height of damage. Wound size for medium and high damage ranges
from 20 cm? to over 900 cm? (Figure 4). Due to unequal variance and the lack of
normality in the small sample size a Mann-Whitney U test (also known as Wilcoxon rank
sum test) has been applied to the data. The results is that there is no significant
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difference (p=0.829) in the probability distribution of wound size between the two
machines. The mean wound damage is 344 cm? and 145 cm? for feller-buncher and
harvester caused damage, respectively.

Distance from Trail and Wound Height Wound Size Caused by Feller-Buncher and Harvester
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Figure 3: Distance from trail center, and Figure 4. Wound size caused by feller-
height of first wound occurrence for buncher and harvester for medium and
medium and high damaged trees for high damaged trees combined.
feller-buncher and harvester caused

damage.

Discussion

The number of damaged trees within each site and between the two harvesting
machines varies greatly. Damage caused by feller-bunchers has been reported
previously between 14% and 40% of the residual trees or 5% to 13% of the residual
basal area (Bruhn 1986). Three out of seven sites in the present study experienced
stand damage of less than 14% and none of the sites experienced stand damage as
high as 40%. A study by Matzka and Kellogg (2003) even shows a feller-buncher
caused stand damage of 48% of the residual trees which is by far higher than the
damage caused in the present study by any feller-buncher and operator combination.

Damage caused by harvester has been reported as between 15.2% and 45.2%
(Sirén 2001) of the residual trees. This study was carried out in thinnings of Norway
spruce in Finland. An even greater damage was reported by Han and Kellogg (2000)
with 63.8% of the residual trees. This study was carried out in a Douglas-fir
(Pseudotsuga menziesii) dominated stand in Oregon with a 18.3 m trail spacing. Most of
the stand damages in the present study are within the range of Sirén (2001) with the
exception of a 57% damage observation. This particular outlier, however, consists of a
tracked harvester operation on a steep slope and cannot be easily compared to lower
stand damage on flat ground with wheeled harvesters. During the harvest the machine
was sliding on ledges which increased the residual stand damage. Neither of the stand
damage observed in Maine is as high as the one reported by Han and Kellogg (2000).
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It is difficult to compare the feller-buncher and harvester caused stand damage to
other observations since most of the published information entails system level (e.g.
feller-buncher / grapple skidder and harvester / forwarder) stand damage. According to
Ostrofsky et al. (1986) stand damages of 20% - 40% (on system level) are generally
acceptable. These values, however, include the stand damage caused by the
harvesting machine and the extraction device (e.g. grapple skidder). Stand damage
found by other studies range from 20% to 53% (Coup et al. 2008; Nichols et al. 1994;
Ostrofsky 1988; Ostrofsky et al. 1986; Biltonen et al. 1976). Ostrofsky (1988) points out
that even bark scuffs can have a high impact on log quality, depending on species.
Considering the damage caused by feller-buncher, there is only a small margin for
extraction devices to stay within acceptable stand damage levels. Stand damage for
medium and high damage classes combined were reported as between 21% and 24%
by Benjamin et al. (2012). Compared to these damage values some of the damage
caused by feller-bunchers in the present study seems to be very high. Reason for that
might be a combination of operator experience, trail spacing and stand density. Due to
the small amount of samples it is difficult to make any concrete assumptions about the
influential factors.

The height of damage from the ground on trees, caused by feller-buncher, has
been published by Matzka and Kellogg (2003) as between 0 m and 13.7 m with an
average of 2.7 m. The height of damage observed in the present study is mostly below
4 m and does not even reach 13.7 m for a maximum. No information could be found for
harvester regarding the height of damage; however, the observed values are well within
the previously mentioned range. The wound size caused by feller-buncher has been
reported as between 93 cm? and 5,574 cm? with an average of 372 cm? (Matzka and
Kellogg 2003). The observed damage in the present study averages 344 cm? and is in
its range well below the 5,500 cm? mark. Wound size has also been reported for
harvester caused damage by Han and Kellogg (2000) as 144 cm?. This value seems to
be perfectly concurring with the observed value of 145 cm? in the present studly.

It is important to note that under the right conditions stand damage can be
minimized. For example, Benjamin et al. (2012) found that an experienced and
conscientious CTL operator harvesting at 24.4 m trail spacing produced less than 10%
stem damage in a thinning operation. Observations of the researcher indicate that the
forwarder operator inexperience and proficiency can add significant stand damage. Due
to the small amount of sample for harvester it is difficult to say if the stand damage
caused by this type of machine is generally higher than the damage caused by feller-
buncher. The samples taken might not represent the average operator or stand damage
caused by this type of machine. However, the previously mentioned studies indicate
overall higher stand damage for harvester than feller-buncher. Further samples need to
be taken to increase the comparability of the two machines and to strengthen the results
of this study. Also due to the small amount of samples for feller-buncher and harvester,
the results of non-significant differences in distance to trail, height of damage, and
wound size among the damage classes and between the two machines might not be
representative. Additional data needs to be collected to further investigate the
relationship of damage class and other factors such as distance to trail.
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Conclusion

The conclusion is that there are differences between feller-buncher and harvester
caused damage. Harvester caused damage is significantly higher than feller-buncher
caused damaged. However, all the reported damages in this study are lower than
damage values reported in previously published articles. Feller-buncher damage levels
are generally low enough to stay within acceptable damage levels after the skidding
process. Harvester damage levels are fairly high, but still within the range of acceptable
stand damage. Since forwarding usually does not introduce a large amount of stand
damage, the overall damage will be within the range of 20% - 40% of the residual trees.
With the small sample no differences could be found regarding the distance of damaged
trees from trail center among the damage classes and between the two harvesting
machines. The same is true for the height of damage on the bole and the wound size.
Additional data needs to be collected in order to be able to draw more representative
conclusion about stand damage in this region.
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Function modeling: improved raster analysis through delayed reading and
function raster datasets

Hogland, John S.}, Anderson, Nathaniel M.}, Jones, J. Greg*
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Abstract

Raster modeling is an integral component of spatial analysis. However, conventional
raster modeling techniques can require a substantial amount of processing time and storage
space, often limiting the types of analyses that can be performed. To address this issue, we have
developed Function Modeling.

Function Modeling is a new modeling framework that streamlines the raster modeling
process by utilizing lazy reading methodologies. To assess the efficacy of Function Modeling,
we compared the processing time and storage space required to execute six simulation using our
newly developed methodology and conventional modeling techniques. Our findings indicate that
Function Modeling substantially reduces both processing time and storage space when compared
to conventional modeling. Outside of simulations, we have used Function Modeling to
characterize the impacts of fuel treatments on soil erosion given fire disturbance, estimate basal
area, trees, and tons of above ground biomass per acre, identify locations in need of forest
management, calculate forest residuals given multiple management prescriptions, and integrate
spatially explicit delivery cost models with forest residual estimates in a fraction of the time and
storage space it would take to perform similar analysis using conventional modeling
methodologies.

Overall, Function Modeling significantly improves how raster models are processed. To
facilitate the use of Function Modeling, we built an object oriented .NET library called RMRS
Raster Utility. RMRS Raster Utility is free, readily available, has an intuitive user interface, and
directly plugs into Environmental Science Research Institute (ESRI)’s software as an ESRI add-
in.

Introduction

Raster modeling is an integral component of spatial analysis and remote sensing. It has
been used to address a broad array of questions in forest resources management, ranging from
estimating forest carbon (Patenaude et al. 2005) to soft mass availability (Reynolds-Hogland et
al. 2006). However, current model processing can require a substantial amount of time and
storage space, often limiting the types of analyses that can be performed. As a compromise, some
analysts re-sample data to perform analyses, which sacrifices data fidelity. While this can make
the data more manageable, it can also blur the relationships between dependent and independent
variables. In a recent project we were faced with this dilemma, forcing us to take a closer look at
raster modeling and develop novel ways to address typical constraints.

After reviewing the conventional raster modeling techniques, it is clear that the way
raster models process data can be improved. Specifically, raster models are composed of
multiple spatial operations. Each operation reads data from a given raster dataset, transforms the
data, and then creates a new raster dataset (Figure 1). While this process is intuitive, creating and
reading new raster datasets at each step of a model comes at a high processing and storage price,
prompting two questions: 1) Do we need to create intermediate outputs to get a final model



output? 2) If we remove intermediate outputs from the modeling process, what improvements in
processing and storage can we expect?

Function Modeling

Conventional Modeling

[7] Dataset
Raster Object
Transformation

Function Modeling

O rOLrOLrOLrO

Figure 1. Conceptual idea behind Function Modeling. For each raster transformation (yellow
triangles) within a conventional model, an intermediate raster dataset is created (green block).
Intermediate raster datasets are then read into a raster object (blue ovals) and transformed to
produce another intermediate raster dataset. Function Modeling does not create intermediate
raster datasets and only stores the type of transformation occurring to source raster datasets.
When raster data are read, this technique performs the transformations to the source datasets
without creating intermediate raster datasets.

Methods

To address these questions we developed a modeling framework, called Function
Modeling, that allows users to model functions as opposed to raster datasets using an object-
oriented design, .NET framework, Environmental Systems Resource Institute (ESRI)’s
ArcObjects, and function raster datasets (ESRI 2010). Next, we designed, ran, and recorded
processing time and storage space associated with six simulations that varied the size of the
raster datasets. Finally, to compare and contrast Function Modeling (FM) with conventional
modeling (CM) techniques, we used linear regression. All conventional modeling techniques
were directly coded against ESRI’s ArcObject Spatial Analyst classes to minimize conventional
modeling processing time.

Spatial modeling scenarios within each simulation ranged from one arithmetic operation
to twelve operations that included arithmetic, logical, conditional, focal, and summary type
analyses (Table 1). Each modeling scenario created a final raster output and was run against six
raster datasets ranging in size from 1,000,000 to 121,000,000 total cells, incrementally increasing



in size by 2000 columns and rows at each step. Cell numeric precision remained constant as
floating type numbers across all scenarios and simulations.

Table 1. Spatial Operations used to compare and contrast Function Modeling and conventional
raster modeling. Superscript values indicate the number of times an operation was used within a
given model. Model number also indicates the total number of processes performed for a given
model.

Model Spatial Operation Types

Arithmetic (+)

Arithmetic (+) & Arithmetic (*)

Arithmetic (+), Arithmetic () & Logical (>=)

Avrithmetic (+)%, Arithmetic (x) & Logical (>=)

Arithmetic (+)% Arithmetic (+) Logical (>=) & Focal (Mean,7,7)

Arithmetic (+)%, Arithmetic (x)%, Logical (>=) & Focal (Mean,7,7)

Arithmetic (+)%, Arithmetic (x)%, Logical (>=), Focal (Mean,7,7), & Conditional

Arithmetic (+)°, Arithmetic ()% Logical (>=), Focal (Mean,7,7), & Conditional

Arithmetic (+)°, Arithmetic ()%, Logical (>=), Focal (Mean,7,7), Conditional, & Convolution

(Sum,5,5)

10 Arithmetic (+)%, Arithmetic (x)?, Logical (>=), Focal (Mean,7,7), Conditional, &
Convolution(Sum,5,5)

11 Arithmetic (+)°, Arithmetic (*)°, Logical (>=), Focal (Mean,7,7), Conditional,
Convolution(Sum,5,5), & Summary(}’)

12 Arithmetic (+)*, Arithmetic ()%, Logical (>=), Focal (Mean,7,7), Conditional,

Convolution(Sum,5,5), & Summary(}))

O©CoOoO~NOoO Ok, WNE

Results

FM significantly reduced both processing time and storage space when compared to CM
(Figures 2 and 3). To perform all six simulations FM took 26.13 minutes and a total of 13,299.09
megabytes while CM took 73.15 minutes and 85,098.27 megabytes. Theoretically, processing
time and storage space associated with creating raster data for a given model, computer
configuration, set of operations, and data type should be a linear function of the total number of
cells within a rater dataset and the total number of operations within the model:

Time; (seconds) = Bi(cells x operations);

Space; (megabytes) = Bi(cells);

where i denotes the technique, either FM or CM in this case. Our empirically derived FM Time
and Space models nicely fit the linear paradigm (R?=0.96 and 0.99, respectively). However, for
the CM techniques the model for Time (R?*=0.91) deviated slightly and the model for Space
(R?=0.10) deviated significantly from theoretical distributions, indicating that in addition to the
modeling operations, extra operations occurred to facilitate raster processing and that some of
those operations produced intermediate raster datasets.

FM and CM time equation coefficients indicate that, on average, FM reduced processing
time by approximately 286%. Model fit for FM and CM space equations varied greatly between
techniques and could not reliably be compared in the same manner. For the CM methodology,
storage space appeared to vary depending on the types of operations within the model and often
decreased well after the creation of the final dataset because of delayed removal of intermediate
datasets. Overall though, FM reduced total storage space by 640% when compared to the CM.
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Figure 3. Function Modeling and conventional modeling regression results for storage space




Discussion

CM typically creates intermediate raster datasets. As a model becomes more complex, the
number of intermediate datasets increases, which significantly increases the amount of
processing time and storage space required to run a model. FM does not create intermediate
datasets and significantly decreases model processing time and storage space. In this study we
compared FM to CM methodologies by creating final raster outputs from multiple, incrementally
complex models. However, FM does not need to create permanent raster datasets. Instead, all
functions occurring to source raster datasets can be stored and used in a dynamic fashion to
display, visualize, symbolize, retrieve, and manipulate function datasets at a small fraction of the
time and space it takes to create a final raster output. For example, if we were to perform the
same six simulations presented here but replace the requirement of creating a final output raster
dataset with creating a function modeling dataset, FM would take less than 1 second and would
require less than 50 kilobytes of storage to finish the simulations.

To facilitate the use of FM we created a user-friendly ESRI toolbar (Figure 4) that
provides quick access to a wide array of spatial analyses, while allowing users to easily store and
retrieve FM models (RMRS Raster Utility 2012). Moreover, FM models can be loaded into
ArcMap as a function raster dataset that can be used interchangeably with all ESRI raster spatial
operations. While function modeling is extremely efficient and uses almost no storage space,
there may be circumstances when one might want to combine the idea of FM with creating
intermediate raster datasets. For example, if the same FM model is used multiple times to create
a new raster dataset and the associated time it takes to calculate each operation within that
original FM model is greater than the combined read and write time of creating an intermediate
raster datasets, then it would be advantageous to create an intermediate dataset. Nonetheless,
results from this study demonstrate that raster modeling does not require the creation of
intermediate datasets and FM substantially reduces processing time and digital storage. Though
straightforward in concept, our work represents the first time the two methodologies have been
empirically compared and our publicly available toolbar effectively operationalizes the concepts
of FM.

H 4 @ “& ‘Web Services ~ Sample = Raster Analysis = Statistical Modeling = Help =

L

Figure 4. RMRS Raster Utility toolbar is a free, public source, object oriented library packaged
as an ESRI add-in that simplifies data acquisition, raster sampling, and statistical and spatial
modeling while reducing the processing time and storage space associated with raster analysis.
To find out more about the project please visit our website (http://www.fs.fed.us/rm/raster-

utility/).

References

ESRI. 2010. ArcGIS Desktop Help 10.0 — Rasters with functions. Available online at
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.htmi#/Rasters with functions/009t0000
000mO000000; last accessed Sept. 4, 2012.

Patenaude, G., R. Milne, and T.P. Dawson. 2005. Synthesis of remote sensing approaches for
forest carbon estimation Reporting to the Kyoto Protocol. Environmental Science and Policy
8(2): 161-178.


http://www.fs.fed.us/rm/raster-utility/
http://www.fs.fed.us/rm/raster-utility/
http://www.fs.fed.us/rm/raster-utility/
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#/Rasters_with_functions/009t0000000m000000
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#/Rasters_with_functions/009t0000000m000000

Reynolds-Hogland, M., M. Mitchell, R. Powell. 2006. Spatio-temporal availability of soft mast
in clearcuts in the Southern Appalachians. Forest Ecology and Management 237(1-3): 103-114.

USFS. 2012. RMRS Raster Utility. Available online at http://www.fs.fed.us/rm/raster-utility; last
accessed Sept. 4, 2012.



http://www.fs.fed.us/rm/raster-utility
http://www.fs.fed.us/rm/raster-utility
http://www.fs.fed.us/rm/raster-utility

Long-Term Biomass Harvesting Effects on Forest Productivity under
Three Silvicultural Systems in the Northern Rocky Mountains

Woongsoon Jang’, Christopher. R. Keyes®, Thomas E. Perry*
Abstract

Recent rising public concerns about climate change and increasing energy costs
have led to the need to re-evaluate forest biomass as an alternative energy feedstock.
Biomass harvesting could potentially impact ecosystems in various ways, including site
productivity and forest stand dynamics. Since these issues influence decision-making,
the effects of biomass utilization are primary issues not only for silviculturists but also
forest engineers. Yet our understanding of long-term effects of biomass removal
remains limited. Better understanding is needed of the effects of biomass utilization on
forest composition, structure, and productivity. This study revisits a 1974 forest harvest
and biomass utilization research program in mixed-conifer stands at Coram
Experimental Forest in northwestern Montana. Four harvest utilization standards
(combined with prescribed burning treatment) were established with two replications
under three harvesting systems (shelterwood, clearcut and group selection) via a
running skyline yarder. This study will examine the consequences of biomass utilization
and harvesting system on 1) the physiological productivity of individual trees, 2) stand
productivity, 3) vegetation structure and composition, and 4) regeneration dynamics. In
combination with a related study of soil responses, this study will provide a
comprehensive understanding of the effects of biomass utilization and harvesting
treatments on above-ground and below-ground forest condition and productivity.

Introduction

Recent rising public concerns about climate change and increasing energy costs
have spurred public attention to an alternative energy feedstock — using forest biomass
(Guo et al. 2007; Janowiak and Webster 2010). Estimates suggest that forest biomass
has the potential to supply up to 10% of America’s current level of fossil fuel
consumption (Perlack et al. 2005). For this reason, the US government seeks to boost
the utilization of forest biomass (e.g. Energy Policy Act of 2005, Energy Independence
and Security Act (EISA) of 2007).

According to EISA, biofuel production should be increased five times within the next
15 years, and 60% of biofuel should be derived from cellulosic feedstocks. There are
many advantages to using forest biomass as an energy feedstock: 1) reduction of
greenhouse gas emissions, 2) benefits for local economy, 3) reduction of energy costs,
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4) reduction of emissions from burning treatments, 5) mitigation of dependency on
energy feedstock imports, and 6) recycling of waste materials (Farr and Atkins 2010).
With these advantages, it seems inevitable that future demands of forest biomass as a
feedstock alternative will increase.

The responses of forest land management activities to meet future potential
demands were summarized by Janowiak and Webster (2010) in three general ways.
First, previously unmanaged, mismanaged, or underused stands (due to their low-
market values) will be managed more aggressively. Second, on currently managed
forest, biomass harvest intensity will be increased through increased residue removal.
Lastly, more stands will be managed for the crops of short rotation. Among those
alternatives, the second is most likely to be realized immediately due to its feasibility.
Thus, future demands will likely lead to a more intensive utilization of forest residual
materials.

Providing an alternative energy source must be balanced against maintaining
ecosystem function and service. Forest residues are known to play an important role
with crucial ecological functions forming structural features of forest ecosystem (Harmon
et al. 2004). Many studies have addressed the importance of residues for various
ecological functions, such as provision of soil organic matter, influence on nutrient
cycling and hydrology, and wildlife habitat composition (Reijnders 2006; Patton-Mallory
2008). The long-term effect of intensive biomass removal on a forest ecosystem and its
productivity should be a primary consideration among forest managers.

Impacts of biomass harvesting on soil/forest productivity

Biomass removal treatments affect ecosystems in various ways, with effects on
microclimate, soil and forest productivity, hydrology, vegetation, biodiversity, and wildlife
habitat (Reinhardt et al. 2010). Although some of these issues are beyond the scope of
this study, these properties and processes are closely related and interact with each
other.

Soil productivity — Timber harvesting and related management activities can
enhance the soil microclimate. In Western Montana, Hungerford (1980) and Hungerford
and Babbitt (1987) reported that exposed mineral soils or remnant substrates after
management activities can increase the soil temperature, stimulating tree growth by
enhancement of the root membranes’ permeability (Burger 2002). In addition, reduced
solar radiation on the forest floor due to the generation of forest residues can adjust the
water balance favorably. Since management practice can enhance the balance
between water and air to improve root respiration, water uptake, and nutrient uptake
(Burger 2002), biomass utilization might induce positive effects on productivity.

However, negative effects of biomass harvest on forest productivity are relatively
well documented. These can include: soil compaction, depletion of organic matter and
nutrients, and obstruction of microbial functions.
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Most negative impacts of harvesting practice on soil physical properties are likely
caused by soil compaction, especially from ground-based equipment. The greater
removal of biomass requires more machinery use in general, resulting in increased soill
compaction (Janowiak and Webster 2010). Compaction reduces soil porosity, hindering
the movement of air, water, and nutrients needed for microbial activity (Thibodeau et al.
2000). Decrease of microbial activity in soil can consequently reduce the tree growth
(Page-Dumroese et al. 2010).

In addition, intensified biomass removal may remove a larger amount of soil carbon
and forest floor organic matter (Janowiak and Webster 2010). Loss of organic matter
can negatively impact soil moisture retention, cation exchange capacity, and, as a result,
tree growth (Ballard and Will 1981). Therefore, a reduction of soil organic matter and
change in soil physical properties could have even greater consequences for site
productivity than simply the removal of soil nutrients (Page-Dumroese et al. 2010).

Many studies have demonstrated the potential negative impact of intensive biomass
removal on soil nutrient contents (e.g. White 1974; Kimmins 1977). Compared to
conventional harvesting, intensive biomass utilization involves removal of additional
materials. The problem is that these materials — such as branches and foliage — have
much higher nutrient concentrations. Many scientists have argued that intensive
biomass removal increases the risk of soil nutrient depletion such as N (Johnson and
Curtis 2001), P, K (White 1974) and Ca (Boyle et al. 1973; Mann et al. 1988).

Stand manipulation can control microbial functions (Larsen et al. 1980). Mahmood et
al. (1999) argued that there was a strong biomass removal effect on the quantity and
development of ectomycorrhizae in Norway spruce forest in Sweden. They detected a
significant decrease in ectomycorrhizal roots and humus layer thickness resulting from
residue harvesting. Since the development of ectomycorrhizal roots is critically related
to forest productivity in western forests (Harvey et al. 1980; Perry et al. 1989), the
impact of biomass removal on microbial activity is an important determinant of site
productivity. Larsen et al. (1980), for example, argued that decaying residues could
mitigate water stress by increasing the pore volume of the woody substrate in northern
Rocky Mountain forests. In contrast, biomass removal from the forest floor could lower
moisture levels, leading to a decline in nitrogen fixation by soil bacteria.

Forest productivity & vegetation dynamics — The negative effects of biomass
removal on soil productivity have the potential to be manifested in reduced tree growth.
Simulation modeling approaches have shown that intensive biomass utilization is
capable of depleting the nutrient budget to the extent that long-term productivity decline
results (e.g. Boyle et al. 1973; Paré et al. 2002). Empirical evidence has also been
found suggesting that nutrition deficiency induced by intensive biomass utilization leads
to reduced tree growth. In Europe, whole-tree harvest resulted in tree growth reduction
for Scots pine (Egnell and Leijon 1999; Egnell and Valinger 2003) and Sitka spruce
(Walmsley et al. 2009; Proe et al. 1996).

However, increased biomass utilization does not always cause a reduction of above-
ground biomass increment. There was no effect of biomass removal on Scot pine
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growth in 22 yrs after whole-tree harvest in eastern Finland (Saarsalmi et al. 2010).
Power et al. (2005) failed to find any significant relationship among biomass utilization
treatments, soil nutrient contents, and above-ground biomass in a summary of 26
experimental sites across North America after 10 years harvest. Thus, the controversy
over above ground productivity is still in progress.

Biomass utilization treatments can influence understory vegetation dynamics. In
Sweden, Brakenhielm and Liu (1998) found differences in understory vegetation
species composition, dominance, species richness, and diversity when logging residues
were retained versus removed. Schmidt (1980) and Fahey et al. (1991) reported
differences in shrub recovery associated with combinations of biomass utilization level
in the northern Rocky Mountains and in Wales, respectively.

Regeneration can be affected by the biomass utilization level as well as the
harvesting system. In Washington, the height and diameter growth of 2-year-old
Douglas-fir decreased with increasing biomass utilization levels, especially at low
productivity sites (Bigger and Cole 1983). In the northern Rocky Mountains, Shearer
and Schmidt (1999) observed the least natural regeneration at the intermediate biomass
utilization level treatment (combined with no-burn treatment) 15-20 yrs following harvest.
In the southern United States, 5-yr-old loblolly pine seedlings showed an 18 percent
reduction in volume growth in a whole-tree harvest treatment (Scott et al. 2004).

Our understanding of the long-term effects of biomass removal remains limited.
Many studies (e.g. nutrient budget analysis, modeling approach) on this topic have
yielded uncertainty thus far (Mann et al. 1988; Egnell and Valinger 2003), since biotic
and abiotic factors change and interact intricately after harvest. Instead, studies have
demonstrated the necessity of long-term field experiments (Egnell and Leijon 1999;
Egnell and Valinger 2003). Long-term assessment is critical in order to thoroughly
understand complex changes in ecosystem function and structure (Likens 2004), but
conducting and maintaining such experiments is often infeasible, expensive, and
impractically time- and resource-consuming (Reinhardt et al. 2010). Although the
subject is tangentially addressed by several long-term research networks — such as the
North American Long-Term Soil Productivity (LTSP; for detail see Powers 2006; Page-
Dumroese et al. 2006) and Long Term Ecological Research (LTER) — studies
specifically focusing on biomass harvesting are insufficient, or are too young to draw
long-term inferences.

1974 Forest Residues Utilization Research and Development Program

In the 1970s, there was plenty of interest in increasing biomass utilization from
forests. This interest arose from increasing demands for wood material and from
concerns over undesirable impacts on ecosystems (Benson and Schlieter, 1980). In the
forest manager’s point of view, two conflicting needs emerged: 1) improvement of
recovery and utilization of wood resources under the minimum residual materials, and 2)
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reduction of unfavorable esthetic and environmental consequences of management
activities (Barger 1980).

To address these concerns, a comprehensive and multidisciplinary research effort,
the Forest Residues Utilization Research and Development Program, was established
in 1974 at Coram Experimental Forest. Managed by researchers at the US Forest
Service’s Intermountain Forest and Range Experiment Station, the program was
initiated to investigate timber harvesting alternatives and pursue the improved intensity
and environmental compatibility of timber utilization.

The regeneration harvests of three silvicultural systems (shelterwood, clearcut, and
group selection) were performed, and four utilization treatments ranging from
conventional saw log utilization to near-complete utilization were allocated to each
harvesting unit. A running skyline yarder was used for harvesting to reduce understory
disturbance. Prescribed broadcast burning treatment was included as part of four
utilization treatments.

Today, this experimental installation provides a unique and timely opportunity to
document the long-term effects of biomass utilization on productivity and regeneration
dynamics. In spite of achievements of historical research program, the study’s value has
not been fully exploited. The publications and reports spawned by the program contain
only short-term responses or interim results, and the long-term impacts of biomass
utilization level and harvest on ecosystems remain unclear. Since it has been nearly 40
years since treatments were put in place, the site now allows an opportunity to explore
the long-term impacts of biomass utilization and harvest on ecosystems. Every block
and treatment unit is easily accessed via a well-maintained forest road, and the integrity
of treatment units remains largely intact. Coram Experimental Forest’s conditions
suitably represent upland mixed conifer forests throughout the northern Rocky
Mountains (Shearer and Kempf, 1999), thus the inferential value of research based at
this site is great.

Research objectives and questions

The primary objective of the present study is to investigate the effects of biomass
harvest levels (varying utilization standards combined with post-harvest prescribed
burning treatment), when coupled with each of three common silvicultural systems
(regeneration harvest methods), on northern Rocky Mountain forest vegetation and
productivity. The study spans scales varying from individual tree (Objective 1) to stand
(Objective 2), including understory vegetation (Objective 3). Additionally, this study will
evaluate whether impacts of biomass utilization can be partially ameliorated (or
exacerbated) by the use of artificial regeneration (Objective 4). Each research question
and hypothesis is summarized in Table 1.
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Table 1. Research questions and hypotheses.

Research Question

Research hypothesis

Do biomass utilization
treatments impact the
physiological productivity of
individual trees?

If biomass utilization treatments influence the physiological productivity of
individual (regenerated) trees, then the growth efficiency of individual trees
will be different by biomass utilization treatments.

If biomass utilization treatments impact the physiological productivity of residual
trees in the shelterwood harvesting units, then the growth efficiency (or radial
growth) of residual trees will differ by biomass utilization treatments.

Do biomass utilization
treatments impact the
productivity of the stand?

If there is a relation between biomass utilization treatments and stand
productivity, then the total above-ground biomass of the stand following
harvest differs by biomass utilization treatment treatments.

If the impacts of biomass utilization treatments on productivity vary with stand
strata (shrub, seedling, sapling and pole size-tree, and residual tree layer),
then the amount of above-ground biomass for each stratum will be different
by biomass utilization treatment treatments.

If there is an interaction between biomass utilization effects and regeneration
harvest method (silvicultural system), then the magnitude of effect on
productivity will differ by regeneration harvest method.

Do biomass utilization
treatments impact vegetation
composition and structure?

If the biomass utilization levels are related to the resulting vegetation
composition, then species composition of tree and shrub community will vary
with biomass utilization treatments.

If biomass utilization levels affect structural complexity of the stand, then
structural complexity will differ by biomass utilization treatments.

Can biomass utilization
treatment impacts be
ameliorated by artificial

If planting seedlings can alleviate the negative effect of biomass utilization
treatments on regeneration, then planted Douglas-fir trees will exhibit greater
biomass accumulation than naturally-regenerated Douglas-fir trees.

regeneration? If planting seedling can alleviate the negative effect of biomass utilization
treatments on regeneration, then planted Douglas-fir trees will exhibit greater
growth efficiency than naturally regenerated Douglas-fir trees.
Conclusion

Depending upon the specifics of the treatment, intensive biomass utilization appears
capable of resulting in a more severe alteration of forest ecosystem function and
structure than conventional timber harvesting. If so, then these alterations should be
carefully assessed to clearly articulate the tradeoffs between biomass utilization and
undesirable effects on forest and soil productivity. However, the current extent of our
knowledge is insufficient to predict these effects and their magnitude, if any. The results
of this study should provide meaningful information to fill these knowledge gaps and
better inform biomass harvesting strategies.
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Application of carriage-mounted agricultural cameras to improve
safety in cable logging operations

Robert Keefe! and Jan Eitel?

Abstract

A large number of logging safety accidents in cable operations occur as a result of poor
visibility between yarder operators and individuals in the brush. Industrial safety
campaigns, such as Weyerhaeuser Corporation’s ‘in-the-clear messaging, help to
improve safety. However, reliance on audio communication with audio signals as the
primary method for communications to ensure safety when the yarding of logs
commences has some safety shortcomings that could potentially be improved upon. For
example, if the yarder operator receives a signal to commence yarding when a choker
setter has not yet moved fully into the clear, there is no back-up safety system to
confirm the audio command.

Recently, carriage-mounted agricultural cameras have been used to guide the
acquisition of sawlogs by remote grapple carriages, such as the Eagle Yoder Claw
Grapple and Eagle Mega Claw Line. A small agricultural camera is mounted on these
carriage models. The grapple is operated remotely from the cab by the operator, who
has a bird’s eye view of the area below the carriage on a 9 inch screen that is mounted
in the cab. In this study, we are evaluating the potential use of inexpensive agricultural
cameras and screens as a back-up, secondary safety measure in cable logging
communications. We affixed an agricultural camera to a carriage on a Koller 300 series
yarder used on the University of Idaho Experimental Forest, and also on a small, trailer-
mounted mini-yarder. A designed experiment was conducted to evaluate the effects of
image filtering methods, harvest type, and camera field of view on image contrast and
visibility. Our objective was to determine whether a combination of remote sensing
image filtering techniques could be used to clearly identify choker setters with very high
contrast under a range of light and background conditions. Results of the preliminary
experiment are reported and a larger operational pilot study is described.

Introduction

' Assistant Professor of Forest Operations, Dept. of Forest, Rangeland, and Fire
Sciences, University of Idaho, Moscow, ID, 83844-1133

? Research Assistant Professor, Dept. of Forest, Rangeland, and Fire Sciences,
University of Idaho, Moscow, 1D, 83844-1133
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A number of inexpensive video cameras marketed alternatively as agricultural, security,
trailer, and vehicle backup cameras have recently become available. These cameras
are popular in various agricultural applications because of the high quality video they
provide at limited cost (typically <$400). Increasingly, agricultural cameras are also
showing up on logging equipment, where they provide increased visibility in blindspots
for loaders, feller-bunchers, and other equipment. Depending on the desired application,
inexpensive video cameras are available in closed circuit and wireless models. Some
models exist that transmit directly to a screen, requiring a separate battery connection
both for the camera and screen. Various, small battery-powered video cameras with
field mounts designed for extreme sports (e.g. GoPro, Contour) are also readily
available, and several of these have the capacity to transmit via cell signal when cellular
coverage is available.

At least two models of grapple carriages, the Eagle Yoder Claw Grapple and Eagle
Mega Claw Line, now make use of agricultural cameras for operation. With these
carriages, a yoder operator is able to watch a screen in an enclosed cab that feeds
directly from a camera mounted vertically below the carriage. This perspective facilitates
rotating and positioning the grapple correctly to collect logs down the hillside,
independently of whether the operator has a direct line of site.

Many cable yarding injuries and fatalities occur in the brush, when choker setters are
struck by rolling are swinging logs during yarding. The Washington FACE program
reported seven fatalities associated with loggers being struck by logs over the five year
period between 1998 and 2003 (Washington FACE, 2004). Technological
advancements such as use of remote-controlled chokers, synthetic rope (Pilkerton et al.
2001) and increased safety campaigns have the potential to reduce cable logging
accidents. However, the use of agricultural cameras coupled with carriages as a
supplemental safety precaution has not previously been investigated.

In this preliminary study, which will guide a larger field trial in 2013-2014, | conducted a
preliminary experiment to evaluate methods for creating high contrast imagery of the
area below the skyline carriage. My hope was to develop a method by which a high
level of contrast could be created on an onboard screen, in order to increase visibility of
a ground worker below the skyline being viewed through a carriage-mounted video
camera.

Methods

Several factors potentially affect the ability of agricultural cameras to provide clear, high
contrast images for yarder operators to utilize for safety purposes. To begin the process
of determining the relative importance of these factors prior to an operational study with

full size yarders, a factorial experiment was conducted with small machines to evaluate

the relative importance of image filtering methods, stand density, and worker position on
visibility and detection in video capture images.
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For the preliminary study, two small yarders were used to collect carriage videography.
The first was a Koller 300 series yarder mounted on the 3 Point Hitch of a 70 HP Valtra
700 farm tractor modified for woods use. The second was a small, 8 HP custom built
trailer-mounted mini-yarder used primarily for research and teaching purposes. The
skyline for the Koller was extended approximately 900 feet across a stream and
secondary forest road on the University of Idaho Blodgett Outdoor Classroom. The mini-
yarder skyline was extended 600 feet across a draw on the West Hatter Creek Unit of
the University of Idaho Experimental Forest. Average slope was 43%. Height of the
skyline at the measurement point for the Koller 300 was 35 ft. Height for the mini-yarder
was 20 feet.

The factor treatment levels for the experiment were as follows:

Worker position Image filter Harvest type
Below skyline Red band only Partial
25 % from center Red, green, blue Clearcut w/ reserves

All images were captured using digital video as a camera passed over a worker
stationed either directly beneath the skyline corridor centerline or at a 25% angle from
the center, measured from the camera in a horizontal direction perpendicular (lateral) to
the corridor. Three separate video passes, treated as replicates, were recorded for each
treatment combination. Image contrast was quantified using the histogram spread (HS)
metric proposed by Tripathi et al. (2011):

Interquartile range (IQR
HS — q ge (IQR)

Potential range

Where the interquartile range is based on the actual image histogram pixel values
observed (75 % - 25 %), and the potential range is the minimum minus the maximum
values that any pixel can take on. Image filtering was carried out with Multispec
software. Histogram measurements were conducted with the Gnu Image Manipulation
Program.

Results

In preliminary image processing, filtering images to show only the red color band
appeared to create a high level of contrast for conventional high-visibility orange safety
vests used commonly in forest operations (Figure 1).

Keefe and Eitel 2013 Council on Forest Engineering, Missoula, MT page 3




Figure 1: High visibility safety vest with no filtering (left), and with a red band filter

applied (right).

However, in the replicated field experiment, the amount of vegetation present (harvest
type) also affected contrast, in addition to filtering method. Imagery collected in partial
harvests had higher contrast than imagery collected in clearcut with reserve treatments.

Both factors significantly affected image contrast (Table 1).

DF SS MS F Pr(>F)
Treatment 1 0.0076 0.0076 6.2472 0.0213
Angle 1 0.0005 0.0005 0.4422 0.5136
Filter 1 0.0073 0.0073 6.0201 0.0234
Residuals 20 0.0244 0.0012

Table 1: ANOVA table indicating the factors affecting image contrast.

In all analysis, field of view had no significant effect on the level of image contrast
observed; contrast was equal when the worker was directly below the center of the

skyline corridor, or positioned laterally at 25% of cable height.

Keefe and Eitel

2013 Council on Forest Engineering, Missoula, MT

page 4




--- - 035

F=======""

- 030

- ’ e 1 - 025

- i - 0.20
1

035 =

Histogram Spread (HS)
=2
2
=2
B

030 -

025 . I:CI - ------- =

020 . e I

Figure 2: Level of image contrast, measured as histogram spread (HS) for all treatment
combinations.

Discussion

Our assumption in designing this preliminary study was that deploying methods to
maximize image contrast, quantitatively, would produce the most highly visible screen
viewing environment for detection of individuals working unsafely below the skyline.
However, practical analysis of the imagery collected showed that non-filtered imagery
including all R,G,B bands was more useful than red band filter imagery in partial
harvests. Although filtering only the red band produced greater image contrast based on
histogram spread, the resulting whitening of orange safety vests made it difficult to
distinguish the worker from residual overstory vegetation. In partial harvests, full color
imagery showing the hi-visibility orange safety vests and yellow safety hard hat worn in
the trials made it easier to quickly identify workers within the field of view of the carriage.
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Further research to evaluate the potential use of agricultural cameras to improve safety
in cable operations is needed before any operational use should be considered. In
2013-2014, a field study is being conducted that will evaluate use of wireless cameras
mounted on carriages in active operations, including collecting perceptions from
loggers. This preliminary image analysis study suggests that factors to be considered in
the larger, operational study should focus primarily on high visibility safety helmets and
vests coupled with color cameras and viewing screens, rather than partial color image
filtering to increase contrast.
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Impact assessment of tree spacing on crown fire spread distance for
Korean pine stands using a fire simulator

Dong-Wook Kim?*, Woodam Chung*, Russell A. Parsons?, and Byungdoo Lee®

Abstract

There is a recognized need to apply fuel reduction thinning to the existing young growth
pine stands in Korea to reduce catastrophic forest fires. However, thinning guidelines,
such as the intensity of thinning treatments or optimal stand density, have not been well
established for individual forest stands. In an attempt to identify effective thinning
guidelines, we evaluated the effects of different tree spacing on crown fire propagation
by simulating fire spread across individual trees using the Wildland-urban interface Fire
Dynamics Simulator (WFDS), a physics-based fire spread and behavior model. The
results indicate that tree spacing significantly affects the size and intensity of crown fires
when all other factors are held constant. Tree spacing that is large enough to remove
crown overlaps between neighboring trees appears to be highly effective in reducing
crown fire propagation in our simulation.

Introduction

Forest fire is known as one of the most destructive natural disturbances for forest
ecosystems, as well as a threat to the lives and property of people living in the forest
interface (Conard and A. Ivanova 1997). There is a recognized need to apply fuel
treatments, such as fuel reduction thinning, to alter fire behavior and thus reduce
catastrophic forest fires (Pollet and Omi 2002, Agee and Skinner 2005, Prichard et al
2010). However, thinning guidelines, such as the intensity of thinning treatments or
optimal stand density, have not been well established. Science-based, yet field
applicable thinning guidelines would be necessary to maximize the effects of thinning
treatments on reducing fire risks. It would be a worthy attempt to evaluate different
thinning intensities for their effects on changing fire behavior for the purpose of
identifying general thinning guidelines under diverse fuels, ground, and weather
conditions.

Over 25% of the total land area in Korea is covered by coniferous forest; about half of
which are pine-dominant stands (Korea Forest Service 2011). Pine trees (Pinus
Densiflora) in Korea are well-known as highly flammable tree species due to their
physical and chemical properties (Kim et al. 2011). Their needles contain terpene, a
flammable chemical, and their crown shapes and structure make it easy to initiate and
propagate crown fires (Ormefio et al 2009). Most pine stands in Korea are currently
between 30 and 50 years old with relatively high tree density due to lack of thinning
since planted; the average stand density is over 1,000 trees per hectare. Large historic
fires occurred in pine stands include the notorious Yangyang fire in 2005 which burned

! Department of Forest Management, The University of Montana, 32 Campus Drive, Missoula, MT 59812, USA.
2 US Forest Service, Fire Sciences Laboratory, 5775 US Hwy 10 W, Missoula, MT 59808, USA.
*Korea Forest Research Institute, 57, Hoegiro, dongdaemun-gu, Seoul, 130-712, Korea.
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a historic temple site (Korea forest service 2011). Reducing fire risks through proper
thinning operations particularly in pine stands has become a priority in forest
management in Korea.

In this study, the Wildland-urban interface Fire Dynamics Simulator (WFDS) is used to
simulate crown fire propagation between individual trees across a forest stand. WFDS
is an extension to Fire Dynamics Simulator (FDS) developed by the National Institute of
Standards and Technology (NIST). WFDS is a physics-based model that was designed
based on fluid dynamics, combustion, and heat transfer; thus, it is able to predict more
detailed fire behavior in a fine scale considering interactions among fire, fuel, and
atmosphere (Mell et al 2005). Since WFDS is a three-dimensional model, the predicted
fire behavior can be realistically depicted by the Smokeview program also developed by
NIST to visualize the simulated results of WFDS (McGrattan et al 2008). One of the
known limitations of using WFDS is the large amount of data and computation time
required to represent fine scale fire behavior (Mell et al 2007).

As the importance of stand density in fire management, especially in reducing crown fire
risks, has been widely recognized (Roloff et al 2005, Alvarez et al 2012, Contreras et al
2012), we consider tree spacing representing stand density as an important thinning
guideline in this study. The objective of this study, therefore, is to evaluate the effects of
thinning treatments at different tree spacing on crown fire propagation by simulating
crown fire propagation across individual trees using WFDS.

Input Data

Fire simulation at an individual tree-level using WFDS requires individual tree
characteristics including physical properties and crown fuels (Table 1), surface fuels
(Table 2), simulation domain (i.e., imaginary forest stands) (Figure 1), ignition locations
(Table 4), and weather conditions (Table 5).

In order to examine the effects of tree spacing on fire spread across individual trees, we
used six different tree spacings while holding the other factors constant. The simulation
domain was built as a cube of 125 m length x 110 m width x 160 m height (Figure 1).
The imaginary forest stands were assumed to have a 50% ground slope, the average
slope of pine stands in Korea. The flat area of 5 m x 110 m in the domain front was
used for surface fire ignitions. For the WFDS fire simulation, line-fires were used as fire
ignitions and placed in the left edge of the simulation domain (Table 1). April is known
as the highest risk month for forest fires in Korea, and thus the weather data of April
2012 were used for the WFDS simulation (Table 5). To consider wind speed reduction
within forest stands, an average value of the maximum wind speeds of April 2012 was
adjusted by a reduction factor of 0.3 (Rothermel 1983). Since this study was designed
to examine crown fire propagations, extremely flammable surface fuels were used to
initiate crown fires as quickly as possible (Table 2). Our fire simulations using WFDS
were analyzed to quantify the effect of tree spacing on crown fire behavior and
propagation in terms of crown fire spread distance.
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Table 1. Physical tree attributes and characteristics of crown fuels used in the WFDS fire
simulation.

Characteristics of individual trees

Physical properties

Height 11 m
Crown base height 6 m
Crown width (bottom) 6 m
Crown width (top) 1 m
Diameter at breast height (DBH) 0.2m
Crown fuels
Foliar moisture content 100%
Material density 520 kg m*
Bulk density 0.252 kg m*
Surface to volume ratio 4000 m™
Char fraction 0.25
Drag coefficient 0.375
Max. burning rate 0.4kgm3s™
Max. dehydration rate 0.4kgm3s™
Initial temperature 18.7°C
Table 2. Characteristics of surface fuels
used in the WFDS fire simulation.
Surface Fuels Table 3. #of tree per tree spacing.
Foliar moisture content 10% Tree ' # qf tree per
Material density 514 kg m® spacing (m) imaginary forest
_ 3 stands
Bulk density 0.626 kg m
Surface to volume ratio 12240 m* 3 1,320
. 4 750
Char fractlf)r? 0.2 5 500
Drag coefficient 0.375 6 357
Max. Burning Rate 0.4kgm?3s™ 7 270
Max. Dehydration Rate 0.4kgm?3s™ 8 208
Initial temperature 18.7 °C
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Table 5. Description of weather conditions
used in WFDS fire simulations.
Weather conditions

Table 4. Description of ignition line-fires.
Ignition line-fires

HRRPUA 148.82 kW/m?
Residence time 10 s Max. ambient temperature 18.7 °C
Ignition area 4 m long x 100 m wide Min. relative humidity 34%
Wind speed 3mls
125m
Forest stands

160m
110m

60m

120m

125m

Figure 1. Simulation domain developed for the WFDS fire simulation.

Results

The fire simulations using WFDS indicate that tree spacing significantly affects the size
and intensity of crown fires when all other factors are held constant (Figure 2). Crown
fire spread distance from the ignition locations appears to widely vary with tree spacing
(Table 6). The spread distance decreases as tree spacing increases. To limit the
spread distance within 100m, it was required tree spacing of 6m or larger. The results
indicate that tree spacing large enough to remove crown overlaps between neighboring
trees would reduce crown fire risks under the given vegetation, ground and weather

conditions.
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3m Tree Spacing 8m Tree Spacing

Figure 2. Screen shots of Smokeview displaying the imaginary forest stands with 3m and 8m
tree spacing: initial condition (top), when the crown fires are most active (middle), and after fire
simulation is completed (bottom).

Table 6. Results of crown fire spread distance varying with tree spacing.

Tree spacing (m)  Crown fire propagation distance (m)

>100

>100

>100
66

56
56

o ~NOoO O bW
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Concluding Remark

Based upon our results, it is thought that the average pine stands in Korea with over
1,000 trees per hectare are at high risk of large crown fires, and thus need to be actively
thinned. Our limited fire simulation experiments indicate that reducing crown overlaps
between neighboring trees is a key to reduce crown fire risks effectively. Tree spacing
of 6m would be a good starting point for thinning guideline for 40 years pine stands in
Korea. However, the results of this study should be used with caution because the fire
simulations performed in this study were only for limited vegetation, fuels, ground, and
weather conditions. Future studies should investigate how tree spacing would interact
with various conditions of vegetation, crown fuels, topography, and weather in changing
crown fire behavior.
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Geospatial Analysis: Determining transportation cost zones for
woody biomass feedstock allocation

Anil Raj Kizhakkepurakkal®, A. Hohl, H-S. Han? and J. A. Bisson®

Abstract

Transportation of comminuted residual woody biomass from the site of production to the
utilization point poses as one of the most cost consuming operation within any woody
biomass energy project. The purpose of this study was to determine the area from
which a small scale woody biomass power plant located in Humboldt County, CA, could
potentially draw its feedstock and classify these regions into different zones based on
the transportation cost. A network analysis was conducted utilizing the forest ownership
and road data obtained from the county and TIGER census database. The forest
ownership data was broadly divided as National Forest, Tribal Lands, Timber Production
Zone (TPZ), Grazing/Timber and Other lands. Various other factors like rate of travel over
different road types, time impedance, distance of travel, etc. were also determined from
a literature survey and existing data in order to be incorporated into the network model.
The network model was developed to meet the limitations of the chip trucks hauling the
biomass and of the available forest road network.

Our results showed within 10 $/BDT travel cost zone, the facility could extract wood
biomass from more than 170,000 acres of forest and the biomass would be with in a
distance of 20 miles from the power plant. Among this, the highest amount of land fell
under timber production zones (168,898 acres). The 4 travel cost zones were
developed upto 40 $/BDT, with $10 increments, after which the project would not be
economically feasible.

! Research Associate, Department of Forestry and Wildland Resources, Humboldt State University,
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Performance of a Tracked Feller-Buncher with a Shear Head
Operating in Small-Diameter Pine

John Klepac!

Abstract: A Tigercat® 845D tracked feller-buncher equipped with a shear head was
evaluated while performing a clearcut in a 15-year old Loblolly pine (Pinus taeda)
plantation and a 18-year old natural stand. Mean density of the plantation was 573 TPA
(Trees per Acre) while the natural stand averaged 328 TPA, with a slightly higher
density of 390 TPA in the study area. Total cycle time was not significantly different
between the two stands and averaged 66.8 seconds. The feller-buncher harvested an
average of 6.3 trees per min and 7.1 trees per accumulation. Productivity of the feller-
buncher in the plantation averaged 77.9 green tons per PMH (Productive Machine
Hour) with a mean tree size of 0.19 green tons. In the natural stand productivity
averaged 118.7 green tons per PMH with a mean tree size of 0.49 green tons.

Keywords: biomass, feller-buncher, time-study, productivity, pine.

Introduction

Reducing US imports of petroleum products and utilizing the nation’s available sources
of energy from forest and agricultural lands is a desirable, yet challenging, goal of both
policymakers and the nation as a whole. In 2009, the United States imported about 51
percent of the petroleum consumed. This usage translates into a yearly total of 4.34
billion barrels imported (U.S. Energy Information Administration, 2011). The Energy
Independence and Security Act of 2007 requires that 36 billion gallons of bio-fuels be
produced annually by 2022 (EISA). To help meet these demands efficient and
sustainable utilization of our nation’s forest products will be necessary and will have to
be implemented thru vital forest operations to get material from the woods to feedstock
conversion facilities for bio-fuel production.

With the potential for increased demand for woody biomass in the future to help
supplement current energy sources, high production, low cost harvesting methods will
be essential for delivering a cost effective product. Merchantable trees are gathered
and transported from stump to mill for processing into usable products thru the
harvesting phase of forest operations. This consists of felling, skidding, loading and/or
chipping and transport of trees. In-woods clean chipping removes bark, limbs, and tops
from trees that are processed thru the chipper, which creates large amounts of residue

! Author is John Klepac (jklepac@fs.fed.us), General Engineer, USDA Forest Service, Southern Research Station,
Auburn, Alabama.

? The use of trade or firm names in this publication is for reader information and does not imply endorsement of
any product or service by the U.S. Department of Agriculture or other organizations represented here.
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material. Total logging residue and other removals in the United States currently
amount to nearly 93 million dry tons annually—68 million dry tons of logging residue and
25 million dry tons of other removal residue (Smith et al., 2009). Most of this residue is
left onsite because its small piece size makes it unsuitable and uneconomical for the
manufacturing of forest products (U.S. Dept. of Energy, 2011). However, as markets for
bioenergy feedstocks develop, a significant fraction of this residue could become
economically feasible to remove, most likely in conjunction with conventional harvest
operations where the costs of extraction (i.e., felling and skidding) are borne by the
conventional forest product (U.S. Dept. of Energy, 2011).

Dedicated southern pine energy plantations could provide significant feedstocks for U.S.
bio-fuel and bio-power demands. Southern pine plantations of 1.5 million acres could
produce an estimated 105 million dry tons per year (Taylor and Rummer, 2011). The
stands proposed for the energy plantations would predominately be composed of
loblolly pine (Pinus taeda) planted at a density between 1000 and 1200 trees per acre
(TPA) and would be grown for 10-15 years where they would be harvested by the
clearcut method (Jernigan et.al, 2012). Harvesting these smaller trees cost effectively
is difficult to accomplish using current conventional logging systems. In the
southeastern US, where the majority of the terrain is flat to gentle slopes, drive-to-tree
rubber-tired feller-bunchers equipped with a circular saw head are the most common
machines used.

One system that is currently being investigated for potential biomass harvesting is a
recently developed tracked feller-buncher equipped with a shear head coupled with a
large capacity rubber-tired skidder. This paper discusses the performance of the
tracked feller-buncher operating in a plantation stand and a natural stand in south
Alabama.

Operation

This study was part of a larger project funded by the Department of Energy to evaluate
new technologies for harvesting small-diameter trees for biomass. Data were collected
on the harvest operation at two sites: a plantation stand and a natural stand. A clearcut
prescription was implemented at both sites where trees were felled with a Tigercat 845D
tracked feller-buncher equipped with a shear head and powered by a Tier 4 260-hp
engine. A Tigercat 630D grapple skidder powered by a 260-hp engine transported tree
bundles to a landing.

In the plantation trees were felled and bunched and left on the ground for about six
weeks to dry. After the drying period trees were skidded to a landing and clean
chipped. The purpose of chipping dried material was to evaluate actual payload of
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larger volume chip vans hauling dried chips. For the natural stand trees were felled and
skidded to a landing where they were processed thru a Chambers Delimbinator and
loaded onto trucks as longwood. Harvesting was accomplished during the last week of
May 2012 for the plantation and October into November 2012 for the natural stand.

Methods
Study Sites

The plantation consisted of 15-year old loblolly pine located in Covington County,
Alabama. It had not been thinned and included a total area of 37 acres. The natural
stand was approximately 18 years old and was located in Butler County, Alabama. This
stand was predominately pine with a small component of hardwoods, mainly sweetgum,
and contained a harvest area of 36 acres.

To characterize each stand a line-plot cruise was completed for each stand using 0.1-
acre fixed radius plots. Within each plot, trees measuring over 1.5 inches Dbh
(Diameter at Breast Height) were tallied. Total tree heights were measured on every
fifth pine tree using a vertex hypsometer. A Trimble Ranger equipped with TCruise
(Matney 1998) was used to record plot data. A PC version of TCruise was used to
generate a cruise summary of each tract.

Felling

The Tigercat 845D (Table 1) was observed while cutting trees which were marked with
a number for identification and measured for Dbh. The same operator was observed on
both sites. In the plantation the operator felled trees in a five row swath, centered on a
row and felling two rows on each side. The machine was recorded on digital video
while felling trees in the study area and each tree was identified as it was being cut.

The digital video file was reviewed using the software program Timer Pro (Timer Pro
Professional), which is a program designed for time-and-motion study analysis.
Machine elements that were evaluated and made a complete cycle included move to 1%
tree, accumulate, move between trees, move to dump, and dump.

Move to 1% tree occurred when the machine traveled to cut the first tree in a cycle. The
element began at the end of the dump element when the tracks started rolling. The
element ended when track movement stopped.
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Accumulate included both reaching to a tree and shearing for all trees in the cycle. The
element began when track movement to the first tree stopped and extension of the
boom started. The element ended when the last tree for the cycle was sheared. If the
machine did not move to the first tree after dumping the head then accumulating time
began after all trees were dumped and movement of the boom began.

Move between trees occurred when the machine traveled during the accumulating
element in order to reach additional trees to shear. The element began after a tree was
sheared and the tracks started rolling. The element ended when track movement
stopped.

Move to dump occurred after all trees in the cycle were sheared and the machine
traveled to a location to place the accumulated trees. The element started when the
tracks began rolling after the last tree was sheared and ended when the tracks stopped
rolling.

Dump included placing trees accumulated in the head either on the ground or in a
bundle of previous placed trees. The element began when the tracks stopped rolling at
the end of move to dump and ended when all trees were out of the head. If the
machine did not move to dump then dump time started after the last tree was sheared.

Cycle volumes were determined by calculating individual tree weights using a
regression equation developed from data collected from each site in addition to other
sites in Butler, Covington, and Crenshaw Counties in Alabama (Klepac 2013). Some
trees in the natural stand encountered by the feller-buncher were fairly large and
outside the range of weight data collected for the site. These weights were estimated
using published equations (Clark and Saucier, 1990).

Table 1. Specifications of the Tigercat 845D feller-buncher (Tigercat 2013).

Cummins 260 hp Tier 4
26 ft5in
281in
Total width 129in
Total length w/o boom 193 in
57,100 Ib

Results
Study Sites

Cruise data from each site are summarized in Table 2 and reflect trees per acre and
whole-tree green tons per acre for loblolly pine. The plantation stand had a very small
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component of sweetgum and oak in the 4 and 5-inch diameter classes that totaled only
3 trees per acre. The natural stand had a larger component of hardwood which totaled
28 trees per acre in the 4 to 9-inch diameter classes. Quadratic mean diameter for pine
trees in the 4-inch and larger diameter classes was 6.0 inches for the plantation stand
and 8.7 inches for the natural stand.

Fifty percent of the trees in the plantation stand were in the 5 and 6-inch Dbh classes.
The largest Dbh class represented in the plantation was the 10-inch class which
contained less than one percent of the total trees per acre. As a comparison, 25
percent of the total trees per acre in the natural stand were in the 5 and 6-inch Dbh
classes while almost 9 percent were in 13 to 19-inch Dbh classes.

Table 2. Stand table for the plantation and natural stands.

Dbh class Trees/acre Green tons/acre
(in) Planted Natural Planted Natural
4 93 29 7.3 2.3
5 125 46 15.2 5.7
6 162 37 27.3 6.5
7 125 43 27.7 10.7
8 50 38 14.4 12.5
9 14 32 5.1 13.3
10 4 30 1.9 15.5
11 25 15.9
12 19 14.0
>12 29 60.4
Total 573 328 98.9 156.8

Felling

The Tigercat 845D feller-buncher was observed while felling 712 trees (348 trees in the
plantation and 364 trees in the natural stand). Of the 364 trees felled in the natural
stand only 6.3 percent were hardwoods. Trees felled in the plantation ranged in Dbh
from 2.6 inches to 10.0 inches, while trees felled in the natural stand ranged from 2.3
inches to 19.2 inches in Dbh.

Total cycle time was modeled using a General Linear Models Procedure in SAS
(Statistical Analysis Software, 2011). The number of trees felled per cycle (p<.00001)
and mean Dbh of trees felled per cycle (p=0.0003) were both significant independent
variables for predicting total cycle time. Stand type (natural or plantation) was also
tested but was not significant (p=0.8766), therefore, observations from both sites were
combined.

An ANOVA (Analysis of Variance) for total cycle time is summarized in Table 3. The
model had a sample size of 93, an R? = 0.79 and a coefficient of variation of 13.85. The
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equation for predicting total cycle time for the feller-buncher is listed below and is shown
in Figure 1 along with a plot of measured time study data.

Total cycle time (sec) = 7.883603*Trees + 1.713463*MDbh — 1.181092

Table 3. Analysis of Variance for total cycle time.

where: Trees = number of tree cut per cycle
MDBH = mean Dbh of trees cut per cycle

Sum of Mean
Source DF Squares Square F Value Pr>F
Model 2 29419.43896 14709.71948 172.05 <.0001
Error 90 7694.91911 85.49910
Corrected Total 92 37114.35806
Tigercat 845D Feller-Buncher
140
120
oo
o 100
2 *
o 80
£
= 60 * R ¢ Measured
S 40 Predicted
20 <
0
0 2 6 8 10 12 14
# Trees/cycle

Figure 1. Plot of time study data and regression equation for the feller-buncher.

At the beginning of a cycle, which started after trees were dumped from the head, the
feller-buncher was able to reach the first tree of a cycle 52 percent of the time without
moving. In addition, the feller-buncher was required to move an average of 1.5 times

during a cycle to reach additional trees to shear, with 41 percent of cycles with no
moves between trees. The feller-buncher was required to move to dump only two

percent of the time. A summary of time study data for the feller-buncher is shown in

Table 4.
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Table 4. Performance summary of the Tigercat 845D feller-buncher.

Variable N Mean SD Min Max
Move to 1% tree (sec) 45 8.4 4.77 3.0 29.1
Accumulate (sec) 93 52.2 16.65 13.3 92.0
Move between trees (sec) 56 8.2 6.85 2.0 42.5
Move to dump (sec) 2 8.5 6.86 3.6 13.3
Dump (sec) 93 8.2 2.35 4.1 16.2
Total time (sec) 93 66.8 20.08 25.3 115.0
Trees/cycle 93 7.1 2.60 1.0 13.0
Trees/min 93 6.3 1.45 1.4 8.7

Moves/cycle 93 1.5 1.36 0.0 7.0

Although total cycle time was not significantly different between the plantation and
natural stands, there was a difference in mean tree size which resulted in a higher
productivity in the natural stand. Mean tree size for the plantation was 0.19 tons per
tree, which resulted in a mean of 1.51 green tons per cycle and a mean productivity of

77.9 green tons per PMH. The natural stand averaged 0.49 tons per tree, which

resulted in a mean of 1.88 green tons per cycle and a mean productivity of 118.7 green
tons per PMH. Figure 2 shows the distribution of the number of trees felled in each 2-
inch Dbh class for both stand types.

# Trees felled

200
175
150
125
100

Tigercat 845D Feller-Buncher

8 10 12
Dbh Class (in)

14

g

16+

M Natural

1 Plantation

Figure 2. Number of trees felled by diameter class for the feller-buncher.

Fuel consumption was monitored using the machine’s electronic fuel monitoring system
while operating in the plantation study area. During this time the 260-hp feller-buncher
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consumed fuel at a rate of 6.5 gal per hour (0.025 gal per hp-hr). On a per unit basis
the feller-buncher consumed 0.0972 gal per green ton felled, which resulted in a total of
10.29 green tons produced per gallon of fuel used.

Conclusions

The Tigercat 845D tracked feller-buncher averaged 66.8 seconds per cycle with a mean
accumulation size per cycle of 7.1 trees. The number of trees and the mean Dbh of
trees felled per cycle were both significant independent variables for predicting total
cycle time. Production rates reached 77.9 green tons per PMH in the plantation for a
mean tree size of 0.19 green tons and 118.7 green tons per PMH in the natural stand
for a mean tree size of 0.49 green tons.

The feller-buncher was evaluated in stands which consisted of larger trees and lower
densities as compared to the proposed energy plantation stands (1000 to 1200 TPA).
Mean Dbh of accumulated trees in the plantation was 6.2 inches. Assuming a higher
density stand with a mean Dbh of 5 inches and 12 trees per accumulation would result
in a predicted total cycle time of 102 seconds. From tree weight data collected in the
area a 5-inch Dbh plantation tree would weigh around 208 Ibs., resulting in a
productivity of 44 green tons per PMH. At this production rate a system could
potentially require at least two feller-bunchers to provide enough wood for sufficient
utilization of the large capacity Tigercat 630D grapple skidder.

This study demonstrated that the feller-buncher is capable of operating productively in
different stand types over a range of tree sizes. With the tracked machine less frequent
travel within stands was required which resulted in less ground disturbance. Evaluation
of machine performance in higher density stands with a smaller tree size would be
beneficial since this would be more representative of the type of stands the feller-
buncher would operate in for biomass harvesting.
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Towards Collaborative Business Models for Wood-Supply Operations
in Public Forests

Luc Lebel*, Riadh Azouzi®

Abstract

Balancing the ever-shifting suite of economic, environmental and social expectations
associated with public forests is a complex undertaking. State organizations are looking
for better ways to make integrated forest resource management more effective. For
their parts, forest products companies and their suppliers are seeking new models of
cross-organizations collaboration. The project reported in this paper is part of an ‘action
research’ program looking at developing collaborative business models for several ac-
tors in the public forest value chain in the province of Quebec, Canada. The program
contains two phases: strategy elaboration and business models development. Accord-
ingly, the paper first presents the strategy that resulted from a previous project that has
been drawn as a case study, and then it reports on progress made with pilot-projects for
the development and experimentation of collaborative business models in selected op-
erational contexts.

Introduction

In many countries, a large proportion of productive forested land is within the public do-
main. Public forests belong to society and the government is responsible for their man-
agement in an integrated fashion; the government must balance ecologic objectives
with social development through a range of sporting, leisure, tourist and economic activ-
ities. Balancing the ever-shifting suite of economic, environmental and social expecta-
tions associated with public forests is complex. Governments are looking for ways to
make integrated resource management more effective. In contrast to monodisciplinary
management approaches such as sustained yield, integrated resource management
demands a multidisciplinary approach that engages diverse perspectives and skill sets.
Thus, governments and all the actors in the forest value chain, including the forest
products companies (FPCs) and their suppliers or upstream actors (general entrepre-
neurs, forest workers cooperatives, forest management groups, silviculture workers or
logistical services providers, as shown in Figure 1), need find ways to conduct activities
in the forest more collaboratively and effectively. One approach consists in establishing
new models of cross-organizations collaboration. Here, collaboration, both horizontally
between competitors, and vertically among actors in charge of different activities for a
same organization, is considered. The challenge in such cross-organizations collabora-
tions is related to the division of work in daily collaborations with various partners and
the coordination of day-to-day activities for creating value to customers. Different actors
are thus interlinked, forming networks of business actors which are drawing on each
other’s specific resources and coordination activities (Hakansson et al. 2009).

! Faculté de foresterie, géographie et géomatique, Université Laval, QC G1V 0A6, Canada
’ Faculté des sciences et génie, Université Laval, Québec, QC G1V 0A6, Canada
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Figure 1: Wood supply chain within the forest value network

Organizations exploring collaborative business field aim at creating a fruitful environ-
ment for joint innovation and fostering strategic discussions about new business chal-
lenges and emerging business models (Konnertz et al. 2011). Strategic innovation re-
quires the migration from an existing business model to a newer one. We adopt the def-
inition offered by Shafer et al. (2005) for the term “business model” that is, “a represen-
tation of a firm’s underlying core logic and strategic choices for creating and capturing
value within a value network”. The business model and the strategy of the enterprise
are closely linked. In fact, the business model can be used to help analyze and com-
municate strategic choices. Thus, in this research, the concept of business model be-
comes the unit of analysis. On the other hand, as emphasized by Eppler et al. (2011),
the collaboration perspective relies essentially on including others (competitors and oth-
er actors working at different levels of the value chain) in the process of developing ide-
as. Therefore, to engender successful cross-organizations collaborations in the forest
value chain, it is important that different organizations (or value chain actors) participate
in the development of the business models. The organizations might differ in type (in-
dustry, public research and non-profit), their position in the value chain and even in in-
dustry. This is referred to as collaborative business modeling (Rohrbeck et al. 2013).

Accordingly, the project reported in this paper is part of an ‘action research’ program
looking at developing collaborative business models for several actors in the public for-
est value chain in the province of Quebec, Canada. One key objective is to streamline
the planning and execution of forest activities. The project coincides with the implemen-
tation of a new forest law which aims at fostering integrated resource management im-
plementation. The program contains two phases: 1) strategy elaboration phase and 2)
business models development phase. Accordingly, the paper introduces the research
program, and then presents the strategy that resulted from a preliminary strategy devel-
opment phase drawn as a case study. It finally reports on progress made with pilot-
projects for the development and experimentation of collaborative business models in
selected regional contexts.

Research program

The project reported here was part of an ‘action research’ program involving several
actors in the public forest value chain in the province of Quebec, Canada. These actors
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have demonstrated interest in developing collaborative business models so that they
can streamline the planning and execution of their activities and provide a comprehen-
sive support for the implementation of a new forest law which fosters integrated re-
source management implementation in the province. As emphasized by Gilmore et al.
(1986), “there is a dual commitment in action research to study a system and concur-
rently to collaborate with members of the system in changing it in what is together re-
garded as a desirable direction”. Thus, it would be possible for us as researchers to
study the actions that the stakeholders would do to change or develop collaboratively
their business models while concurrently collaborating with them in these actions and,
more specifically, in establishing the way they should do this. The research action ap-
proach used to define a strategic vision is outlined in Figure 2.

f Interaction purposefully (/Devise the Strategié?

| . ) !l Vision of the actor |
' Internal perspective: Representatives i |

i from R&D, sales, marketing, finance and } ‘
i other key functions in the organizations |
External perspective: From ‘creative C Value proposition

Repeat if
Not clear enough
or there is no winning

! visionaries’ or people that have theoretical

‘ : - o scenarios for all
i expertise and real-world experience within Central capacities the parties ?
! a given discipline. H 3
! Customer perspective: Insight into [i> Opportunity for the | |
| . m customers !
\ emerging customer needs. FI /

Definition Definition e Definition oo
Stage 1 Stage 2 Stage N
Figure 2: Strategic vision elaboration framework

In the first phase, the actors need to think about how they redefine themselves as an
economic actor in the context of an integrated forest resources management regime.
According to Verstraete and Jouison (2007), organizations elaborating a new strategy
do this on the basis of the revision of their positioning in the value chain, of the configu-
ration of their organizations, of their business network, of their performance require-
ments, and of their competencies or the new competencies they can develop. The in-
formation gathered at this phase can take the form of a detailed strategic vision for the
organization, including its value proposition, its required competencies, the targeted
customers, and the opportunities it creates for its customers and partners. In order to
trigger cross-organizations collaborations, we propose a framework in which the per-
spectives of people from different organizations, including potential business partners
and the government, are incorporated through purposeful interaction within the context
of a sequence of definition stages (see Figure 2). As such, the structured process can
take the form of an iterative series of focus group interviews. From one iteration to the
other, the formulation of the strategic vision is refined and enriched, and discussions
take place to see if ‘win-win’ outcomes can be identified for all the organizations and
their partners. Then, the decision whether to conduct another stage is taken.

In the second phase, the business models are developed with the involvement of sev-
eral other actors (including customers and competitors) in the value chain. Business
model development and design is a challenging task. Based on the objectives of this
project, and the complexity at hand, we considered it appropriate to use the case study
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methodology. We assume the strategy resulting from the first phase as the conceptual
framework to the research process taking place in the case study. In a qualitative re-
search project, the conceptual framework guides the initial stages of the research pro-
cess (Cepeda and Martin 2005). Here, the strategy guides the development of infor-
mation for each of the elements contained by the business model as depicted in Figure
3. These elements integrate the knowledge that is obtained about the stakeholder’s sys-
tem dynamics and the congruence between strategy and the environment. For a de-
tailed description of each of these elements, the reader is referred to (Marrs and Mundt
2001). During the development of the information for each of the business model ele-
ments, data is collected through interviews, document study or observation. The analy-
sis of the data should provide an assessment of the economic, social and environmental
impact of the new business model.

ELEMENT 1: EXTERMNAL FORCES AND AGENTS
ELEMENT 2: MARKETS _
' ELEMENT 3: BUSINESS FROCESSES
Business Model Elements |~ o
% ELEMENT 4: ALLIANCES AND RELATIONSHIPS
\._ ELEMENT 5: CORE FRODUCTS AND SERVICES _
ELEMENT 6: CUSTOMERS

Figure 3: Business model elements

The next two sections provide details regarding the implementation of the of each the
two phases presented above.

Phase 1 — Strategy elaboration

Quebec’s new forest regime took effect in April 2013. It is now the government that has
the primary responsibility for producing the tactical and operational land and resource
management plans. Previously, it was the forest companies with timber licenses that
had this responsibility. The tactical plan covers a three-year period and contains, among
other things, the annual allowable cut (AAC) assigned to the unit, and the forest man-
agement strategies adopted to ensure that AAC is respected. On the other hand, the
operational plan basically sets out the forest operations zones in which timber harvest-
ing or other forest development activities are planned under the tactical plan. It also
contains the measures to harmonize various interests and values at stake (such as
measures for ensuring compatibility with the activities of other land users or for mitigat-
ing the visual impact of cuts). The government remains responsible for allocation of tim-
ber volume to mills through timber licenses (TL). Notice that a TL specifies the general
areas from which wood for the mill can be procured and maximum procurement volume
for one or more tree species.

Many actors in the value chain have already started thinking about how the new act
would affect their businesses and how they should reposition themselves in the value
chain to mitigate the impact of the new measures on their productivity. They noticed
that, while the new forest regime contains provisions for improving integration at the
tactical level to a certain extent, it overlooked real and effective integration at the opera-
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tional and execution levels. For instance, the government agents preparing the resource
management plans can hardly have the necessary knowledge and information that are
critical for reconciling all the inconsistencies that result from the aggregation and dis-
aggregation of information among the plans made at the tactical, operational or execu-
tion levels (this has been demonstrated also by the work of Beaudoin et al. 2008 and,
more recently Paradis et al. (2013). Another concern expressed is the lack of integration
of data provided by different actors when there are tradeoffs to be made between eco-
nomics and environmental goals. Such tradeoffs could be related to the positioning of
the harvest bock separators, the allocation of the cutting blocks, the use of the existing
infrastructure (roads, bridges, firebreaks, etc.) or new infrastructure needed, or the as-
sessment of the cumulative effects. The latter are impacts caused by an action in com-
bination with other past, present and future actions (Carlson and Stelfox 2009). In brief,
when it comes to the planning and execution of the day-to-day activities, the upstream
actors claim that they can play a critical role in ensuring operations efficiency; leading to
better delivery performance and lower procurements costs for the mills and other users
of the forest resources.

To remediate such weaknesses, certain stakeholders decided to focus on defining a
generic concept of Integrator-Supplier (1S). Basically, an IS is an intermediary that
should support collaboration between them and act as a catalyst for reconciling their
plans and for optimizing the performance of their activities related to land uses and for-
estry operations. There might be several actors in the value chain that can adapt their
business models in order to fulfill the role of an IS. The other actors are customers
and/or suppliers for the I1S. They too will have to adjust their business models in order to
establish new relations with all others in their environment so that the whole value chain
is optimized. Thus, the IS sets out the strategic path or the key reference for the differ-
ent actors in a forest region to revise their business models. Hence, it was decided to
apply the framework of Figure 2 in order to define the IS.

As depicted in Figure 4, in all, seven stages were conducted to define the IS. Partici-
pants include forestry researchers and supply chain specialists; cooperatives profes-
sionals; FPCs professionals; and government representatives. For all the participants, it
was clear that the IS should act as a catalyst for the optimization of the planning and
execution of the forest operations and for achieving the objectives of all its customers
and partners fairly. Its vision and mission were articulated around its role in the
achievement of the interests of all the stakeholders by reconciling the plans and by op-
timizing the performance of the activities related to land use and forestry operations.

Gouv. representatives (1)
Scientific researchers (6) Gouv. representatives (2) Co-op representatives (2) Gouv. decision-makers (4)
Academic experts (2) Co-op representative (1) Co-op professionals (9) QFFC Director-General (1)
Moderators (3) Moderators (3) Moderators (3) Moderators (3)

Gouv. representatives (2)
QFFC Director-General (1) Co-op. professionals (3)
Co-op representative (1) QFFC Director-General (1)
Moderators (2) Moderators (3)

Industry professionals (4)
P.D.G. de la FQCF (1)
QFFC Director-General (1)
Moderators (2)

Me;te‘;ing Me#e;ing Me:gng Me;‘ezing Me#e;ing Me;te‘éing Me#e;ing
@U@ @U@ DID

Figure 4: Definition stages conducted to define the IS
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Figure 5 shows how the IS was positioned within the FVC. The IS here links several
land users (including several companies consuming wood or TL holders, recreation or-
ganizations and First Nations communities), the government and the regional authorities
to a comprehensive network of suppliers. This network, that we call “IS network”, con-
sists of forest workers cooperatives, entrepreneurs, independent carriers, etc. For all
these actors, the IS creates a true collaborative planning environment, enabling them to
integrate and reconcile their plans. It brings a comprehensive mix of competencies, the
most important probably being the ability to effectively manage the inconsistencies that
result from the aggregation and disaggregation of information among the plans made at
the tactical, operational or execution levels, or from the integration of data provided by
different actors. This cross-chain coordination would generate significant economies of
scale. Detailed information on the value propositions and competencies of the IS can be
found in (Azouzi et al. 2012).

im Regional | | First Nations | | Other land TL TL L |,..| Wood
rusers | authorities | | communities users holder | | holder || holder buyer |'

Tactical
\ Regional plan for

Plans nte rator - Supplier Demand

reconciliation
& integration Execution plan

Optimization Coordination Monitoring

ey plan

public land and resource
integrated development

Wood,
Biomass,
Services,
...efc

Local integrated land and resource

management panel Harvest orders

Sylvicultural contract
Road construction orders
..efc.

Data exchange

Government

I-S network of suppliers
Internal resources; :
Independent workers; Transport companies;
Forestry cooperatives; General entrepreneurs;
Logistical services providers; ...etc.

Figure 5: Positioning of the IS in the forest value chain
PHASE 2 — Business models development

The strategic path set out by the IS may be pursued differently by different actors, tak-
ing into account the local context. From one forestry region to another, the number of
existing players, their sizes, and the nature of their role in the value chain might vary
significantly. Some actors might not be ready to act as integrators but would rather pre-
fer doing business with other actors operating as integrators-suppliers. The process il-
lustrated in Figure 6 was applied in order to determine the different business models
scenarios that might unfold. First, we needed to conduct several consultation meetings
with several actors in order to determine how the concept of IS would be applied in their
region. Different IS scenarios might emerge in different regional contexts. Then, we
needed to identify among the actors those who had the potential to becoming IS, and
thus, were interested to embark on a pilot project for business model development.

To date, six actors from different forest regions in Quebec have been consulted and four
of them, three forest workers cooperatives and a FPC, have expressed interest in par-
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ticipating in pilot projects. These actors started to communicate with their network of
suppliers, contractors, customers and other stakeholders in their value chain in order to
receive their support.

Evaluate economic viability -
Identifiy among the of the BM developed in the Results synthesis:

g;gfglégiﬂltonal regional actors those sDth)iT:I?etr:hbi/ pilot projects by... {” Economic benefits }
possible Business > 40 2SN 10, i the actor o b (v Sating eled | M oo
Models (BM) priot proj the business { business processes | N T T R

for BM developmentand | | -0\ e B A N o TR
offer them collaboration. {"Conducting case studies‘; {_Social benefits |
{_at participating actors I

scenarios

Figure 6: Business model development process

As researchers, we need to gain a complete understanding of the business process and
produce a process flow diagram, which could be verified with the participants. Also, we
need to document the existing context and the transformations that the business models
of the different actors undergo so that we can capture the impact of these transfor-
mations on the structure of the entire value chain. Our plan consists in following each
participant—through on-site visits, interviews with managers and employees and the
analysis of available documents—and in documenting the rationale for decision he
makes. Concurrently, we intend to rely on the strategic vision developed in phase 1 to
collaborate the participant in changing their system in what is together regarded as a
desirable direction. The strategic vision will be helpful in structuring the data collection
process. As such, we intend to act as active agents in the data collection process. With
the development of a set of case studies, frequent and extensive interactions should
take place and an experience-sharing ‘learning network’ will be established.

Discussion & Conclusion

The research program presented in this paper combines research and action in an on-
going process of value chain restructuration that involves action planning, action taking
and evaluation. It is an ambitious program at the end of which actors in selected value
chains would have developed and experimented new collaborative business model.
From a research perspective, the program encompasses case studies and business
processes simulation. The case studies enable us to investigate the business models
development. Simulations, for their part, are used to project the effects of the processes
improvement scenarios and thus can provide direction for the business models devel-
opments. In particular, we are interested in assessing the economic, environmental and
social impacts of the projected improvements. Participants’ willingness to take action
directly impacts the effectiveness of the case studies. Consequently, close cooperation
with researchers in making a simplified representation of relationships between busi-
ness processes changes and economic, social and environmental concerns greatly im-
pact the reliability of the assessments made through simulation.

This research project deals with local and large scale issues and involves a large num-
ber of participants. Thus, it is critical that the research approach be fundamentally a col-
laborative learning approach, with open dialogue among stakeholders and researchers
working as full partners in the project. Finally it is noted that the project lays the ground
for the implementation of an organizational structure which could act in support of ad-
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vanced supply chain optimization models. It connects with contribution in the fields of
interoperability and collaborative planning and operations.
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Abstract

Problems related to the transport of timber products from harvesting sites to
conversion facilities have traditionally involved finding routes that minimize timber hauling and
road construction costs. However, increasing environmental concerns have introduced
negative impacts (i.e. soil erosion and water quality) into forest transportation planning
problems (FTPP) making them larger and more complex. In this paper, we present an algorithm
based on the ant colony optimization (ACO) framework, which has been shown to efficiently
solve large-scale and complex multi-objective and constrained optimization problems. We used
the algorithm to solve FTPP with fixed and variable costs as well as side constraints. Sediment
yields expected to erode from road surfaces due to the heavy traffic of log trucks represented
the negative environmental impact of timber transport and were considered as a side
constraint. Our ACO algorithm used a two-stage process to find the least-cost set of routes
from each timber sale location to selected mills resulting in a total sediment yield below a
maximum allowable amount. During Stage |, the algorithm uses only sediment vyield
information on each road segment to quickly find feasible solutions. During Stage Il, sediment
and cost information per road segment are considered to select feasible solutions resulting in
least-cost routes. After a solution is built, a 1-opt local refinement procedure was implemented
to improve solution quality. First, we applied our ACO algorithm to a medium scale, grid-
shaped hypothetical FTPP with 500 road segments (where traffic is allowed on both directions),
25 timber sale locations, and a single mill destination. Four cases with increasing levels of
sediment constraints were considered, and an exhaustive parameter search process was
conducted to select the best parameter combination for each case. To test the robustness of
the ACO-algorithm, we created 10 different FTPP instances with different timber sale locations
and destination nodes for the same hypothetical problem. Solutions were then compared with
those obtained from comparable mixed-integer programming formulations solved by CPLEX.

l. INTRODUCTION

Traditionally, forest transportation planning problems (FTPPs) have focused on finding
routes that minimize log hauling and road construction costs from harvesting sites to
conversion facilities (Contreras et al., 2008). FTPPs that contain both variable (log hauling) and
fixed costs (road construction) are a special case of the fixed charge transportation problem
(FCTP), which is known as a NP-hard combinatorial optimization problem (Steinberg, 1970).
Mixed-integer programming (MIP) has been commonly used to optimally solve FCTP (Adlakha
and Kowalski, 2003); however, its application has been limited to small- and medium-scale



problems because solution time grows exponentially with problem size (Kowalski, 2005).
Several heuristic approaches have been developed to solve large-scale problems in a
reasonable time. Although these approximation techniques do not guarantee optimality, they
can efficiently provide high-quality solutions for large and complex problems (Jones et al. 1991;
Martell et al. 1998; Sessions et al.,, 2003; Olsson and Lohmander, 2005). Examples of
approximation approaches used to solve large-scale FTPP with fixed and variable costs include
MINCOST (Schnelle, 1977), NETCOST (Weintraub and Dreyfus, 1985), NETWORK Il (Sessions,
1985), and NETWORK 2000 (Chung and Sessions, 2003). Although these approaches have been
widely used, their formulations are only set to minimize total transportation costs and cannot
consider side constraints based on additional attributes of road segments. Increasing
environmental concerns related to the transport of timber products have introduced negative
impacts such as erosion and water quality into FTPPs (Grace and Clinton, 2007). These
environmental considerations and requirements introduce side constraints making FTPPs more
complex than the traditional cost minimization problems. A few studies have incorporated
environmental impacts into the route selection process by assigning an environmental cost to
sediment yields expected to erode from forest roads (Rackely and Chung, 2008; Efta and Chung,
2009). However, it is difficult and arbitrary to assign an economic value to a negative
environmental impact. On the other hand, Contreras et al. (2008) developed an algorithm
based on the ant colony optimization (ACO) metaheuristic to solve FTPPs considering sediment
yields expected to erode from road surfaces due to the heavy traffic of log trucks (representing
the negative environmental impact of timber transport) as a side constraint. They applied the
ACO algorithm to solve three hypothetical FTPPs containing 100, 300, and 500 edges and
compared ACO solution quality with MIP solutions. While the ACO algorithm achieved near-
optimal solutions, optimality levels decreased as problem sized increased, and the MIP solver
was not able to find an optimal solution for two out of four instances for the largest problem.

In this study we developed a new ACO algorithm to improve solution quality and
increase the ability to solve large-scale problem, and update benchmarking solution quality
with an improved MIP solver, CPLEX. Our ACO algorithm uses a two-stage process to find the
least-cost set of routes from each timber sale location to selected mills with a total sediment
yield below a maximum allowable amount. During Stage |, the algorithm only sediment yield
information on each road segment to quickly find feasible solutions. During Stage Il, sediment
and cost information per road segment considered to select feasible solutions resulting in least-
cost routes. After a solution built, a 1-opt local refinement procedure was implemented to
improve solution quality. We applied our ACO algorithm to largest hypothetical FTPP presented
in Contreras at al. (2008), which is medium scale, grid-shaped hypothetical FTPP with 500 road
segments (where traffic is allowed on both directions), 25 timber sale locations, and a single
mill destination. Four cases with increasing levels of sediment constraints were considered,
and an exhaustive parameter search process was conducted to select the best parameter
combination for each case. To test the robustness of the ACO-algorithm, we created 10
different FTPP instances with different location of timber sales and destination nodes on the
same hypothetical problem.



Il MIP MODEL FORMULATION

We formulated the problem of finding transportation routes from multiple timber sale
locations to selected mill destinations that minimize total fixed and variable costs subject to a
sediment constraint for a single period as follows:

Minimize Z = Z VCij X Volyj + FCij X Ey; [1]

ijeE
Subject to:
Z(Sedij X E”) < SedRct 2]
ijEE
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E;; €{0,1} Vij € E (8]

Equation 1 represents the objective function where VC;; is the variable cost ($/m?>) over the
edge ij, Vol;j is the volume (m3) transported over the edge, FC;j is the fixed cost (S) for edge ij,
E;; is the binary variable representing weather volume traffic exist over edge ij, and E is the
total number of edges forming the transportation network. Equation 2 represents a single
sediment constraint to limit the total amount of sediment (tons) expected from the entire road
network by accounting for sediment yield on each edge (Sed;;) if traffic exists over the edge.
Conservation of flow constraints [3-5] ensure that the all volume entering the network can be
routed to selected mill location. Equations 3, 4, and 5 apply to nodes representing timber sale
locations (S), intermediate nodes (T), and the destination node (D) respectively, where VolS;
represent the volume entering timber sale j, and L is the set of edges having node j as a from-
or-to node. Equations 6 are road trigger constraints that ensure that if traffic exists over edge ij,
fixed cost and sediment yield are accounted, where M is a constant larger than the total
volume entering the network. Equations 7 and 8 are non-negativity constraints and binary
value constraints.

II. ACO ALGORITHM

A. Ant Travelling Mechanism

In our ACO algorithm, one ant is placed in each entry node (timber sale location). Ants
move sequentially through adjacent nodes until the destination node (mill) is reached. After all
ants have found the best routes connecting each timber sale to the selected destination node,



one iteration is completed. An ant selects what node to visit next based on a random number
and a transition probability calculated for each adjacent edge as follows:

(t;j)% X (Th'j)ﬁ
iken; (Ti)® X ()P

Pij(C) = ¥ [9]

where p;;(c) is the transition probability with which an ant select edge ij during iteration c,
N;is the set of edges having node i as a from-node, a and 8 are parameters that control the
relative importance of the pheromone trail intensity (7;;) and the visibility values (n;;) on the
edge ij. Trail intensity refers to the amount of pheromone in the edge and indicates how often
the edge has been selected in previous iterations. Visibility is usually calculated as a value
representing the a priori quality of selecting an edge. In our ACO algorithm, visibility values are
calculated differently in stages | and Il. During Stage |, ants are set to rapidly find feasible
solutions without consideration of transportation costs. Thus visibility values on each edge are
calculated as the reciprocal of the associated sediment yields. After a feasible solution has
been found, Stage Il starts and visibility values on each edge are calculated based on the
reciprocal of sediment amount, fixed cost, and variable cost. Equations 10 and 11 show the
resulting functions to calculate transition probability values on each edge during Stages | and I,

respectively.
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where; A and (1- A) indicate weights given to costs and sediment yield values.

As aforementioned, ants move through adjacent nodes via edges, sequentially from
each timber sale to the destination node. Starting at the first timber sale, an ant finds a route
to the destination node. Then another ant starts from the next timber sale, and so on. During
the route finding process, if an ant visits a node that is part of a previously found route, the ant
stops the route finding process and the remaining route to the destination node is attached to
the current route. An example is shown in figure 1a where the sequence of timber sales
(number next to green circles) is ny, ns, N4, N3, N,. Here, the selected route from the first timber
sale to the destination (n;=>n7=>...~n3g—>n4) is shown as a black path. Then, while building a
route from the second timber sale, a node part of a previous route if found (ns;), the ant stops
moving through adjacent nodes, and the remainder of the route to the destination node is
attached to the current route resulting in the following route: ns—=>n3=>...~N31>N34 N3g—>Nyo.
As the third and fourth timber sales in the sequence (nsand n3 respectively) are already part of
a previously found route, ants are not required to find a new route. Thus the routes for the
third and fourth timber sales are: ng>ng=>n3—>...2n3g>nge and n3>ng—>...~>nN3g—>nge. Lastly,
the ant finding a route from the fifth timber sale to the makes only one move until a node part
of a previous route is found. The resulting route is n,=>n3—=>...~n3s—=>nye. This ant travel



searching mechanism is designed specifically for the FTPP with fixed and variable costs, where
sharing edges by multiple timber sales often reduces fixed costs.
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Figure 1: Ant travelling mechanism implemented into the ACO algorithm showing a) route searching process and b)
back-track procedure.

When an ant is finding a given route, it is set to ignore previously visited nodes along the
current route to avoid forming circles. If there is no available nodes to be selected because all
adjacent nodes are already part of the current route, the ant will move back through one edge
to the previous node and mark the node as unavailable. The back-tracking process continues
until nodes become available. Figure 2b shows the case where an ant, after traveling to ny, has
only one node available (n,¢) to visit next to avoid building a circle, and after traveling to ny4 it
has to back-track twice to nig and then to n;, to have available nodes to visit next.

B. Local Search Refinement

Local refinement procedures have shown to improve solution quality for different ACO
based algorithm (Stiitzle, 1999; Gambardela and Dorigo, 2000; Lopez-lbafiez and Stiitzle, 2012).
In our application, a local search in the form of a 1-opt routine was implemented into our
algorithm. Similar to the calculation of transition probabilities (Egs. 10-11), the local search is

based on sediment vyield (Sedi"jl) only during Stage | and based on all three edge attributes

during Stage Il ( (ZF% + VCL-]-) + (Sedi"jl) ). After an iteration is completed, the local search

procedure consists of looking at each node along the routes forming the solution and its
adjacent nodes also forming the solutions. For a given node n; forming a route s
(ns=>...~ni=>...~>n,), the local search procedure looks at adjacent nodes of n; other than nj;
and nj;; along the route and evaluates the edges to these nodes to determine if there is a
shortcut that eliminates either ni; or nj;; from the route. Figure 2 show an example of a
selected route (red path fig. 2a) on which the local search refinement procedure is applied and
resulting in the elimination n; and ny; from the route.
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Figure 2: Diagram illustrating the 1-opt local search refinement procedure implemented into our ACO algorithm.

When routes from each timber sale location to the destination have been found at the
end of an iteration and the local search procedure has been performed on all routes, all edges
forming the solution are identified, the objective function is computed, and solution feasibility
is evaluated. If the current solution is not better than the best found so far or is infeasible, the
solution is ignored, the pheromone trail intensities remain the same, and another iteration
begins. However, if the current solution is better than the best solution found so far, the
current solution becomes the new best solution, and the pheromone trail intensity of the edges
forming the solution is updated. At the same time, pheromone intensity on all edges decreases
(evaporates) to avoid unlimited accumulation of pheromone.

C. Pheromone Update

Pheromone evaporation is a common procedure implemented in ACO algorithms to
avoid a rapid convergence towards a suboptimal solution, allowing the exploration of other
areas of the solution space. In our ACO algorithm, pheromone trail intensity is updated using

the following equation:
Tij(C+1) =Tij(C) Xp+ATij [12]

which considers two components. The first component is the current pheromone trail intensity
on edge ij at iteration ¢ (Tij(C)), which is multiplied by 0 < p < 1, where (1- p) represents the
pheromone evaporation between iterations c and ¢ + 1. The second component is the newly
added pheromone amount to the edge ij and is calculated differently in Stages | and II.
Consistent with the purpose of obtaining feasible solutions, At;; is calculated based on
sediment yield (Eqg. 13). On the other hand, during Stage I, At;; is calculated based on all three
edge attributes (Eq. 14), similar to the transition probability functions (Eq. 11)

if edgeijis part of the solution

Stage I - At;; = Sed; [13]
0, otherwise
Q . o .
,if edge ij is part of the solution 14
[A( FCu_ | ye, )+ (1 =N (Sed;! [14]
Stage Il - At;; = Y. Vol tk tk

0, otherwise



where Q is a constant with a value set to ensure that the amount of pheromone added to the
edge ij slightly increases the selection probability of the edge during the next iteration. In our
ACO algorithm Q was 0.00001.

Three stopping criterion are implemented into our ACO algorithm to address solution
quality stagnation and solving time efficiency. During the Stage | the algorithm tracks the
number of iterations evaluated, and if a user-defined maximum number of iterations (Itsq) is
exceeded without finding a feasible solution, the algorithm stops and reports “no feasible
solution found”. During Stage Il, the algorithm tracks the number of consecutive infeasible
iterations, and if it exceeds a user-defined maximum number (ltinfeas), then the algorithm stops
and reports the best feasible solution found. Each time a feasible solution is found, the
algorithm resets the associated counter to zero. Also during Stage Il the algorithm tracks the
number of consecutive feasible solutions found of inferior quality than the best found so far,
and if it exceeds a user-defined maximum number (ltfass), the algorithm stops and the best
feasible solution found so far is reported. In our ACO; ltseq, Itinfeas, and Itseas Were all set to
10,000.

ACO parameters have been shown to have a significant effect on solution quality. Thus
we conducted an exhaustive parameter search for the four parameters in our ACO algorithm.
Table 1 shows the range of values considered when searching for appropriate parameter values.

V. HYPOTHETICAL FTPP AND EXPERIMENTAL RESULTS

Our ACO algorithm was applied to a 500-edge FTPP presented in Contreras at el. (2008)
(Figure 3). This hypothetical problem allows traffic in both directions (thus 1000 edges); it
considers 25 timber sale locations with a total volume of 36,500 m° to be delivered to one mill
destination in a single period. Variable cost, fixed cost, and sediment yield per edge ranged
from $0.01/m> to $10/m?3, from $0.1 to $ 23,000 for road construction and maintenance, and
from 0.4 to 200 tons, respectively. We also considered four cases with increasing level of
sediment constrain, as presented in Contreras et al. (2008). Case | is a cost minimization
problem without a sediment constraint, cases Il and Ill were cost-minimization problems
subject to increasing levels of upper-bound sediment constraints, 2,000 and 1,500 tons
respectively, and case IV was a sediment-minimization problem without a cost constraint.

ACO parameters have been shown to have a significant effect on solution quality. Thus
we conducted an exhaustive parameter search to find the best value for the four parameters in
our ACO algorithm namely; a, B, p,and A. Table 1 shows the range of values considered when
searching for the best parameter values, totaling 80,000 parameter combinations (Table 1).
Each parameter combination was applied ten times and the combination providing the best
solution on average was selected as the best parameter combination. This exhaustive
parameter search was conducted for all four cases and resulted in a different best parameter
combination for each case. Although pheromone importance (a) was relatively similar for all
cases, the importance of the edge attributes (f), sediment yield and costs, increased as
sediment constraint level became more limiting. Pheromone persistence (p) increased with
increasing level of sediment constraint with the exception of case IV. As expected the
importance the sediment yield (1 — A) increased as the sediment restriction level increased.



Table 1. Range of parameter values
considered in this study

Parameter Interval Pace
a [0,1] 0.05
B [0,1] 0.05
p [0,1] 0.05
A [0,1] 0.1

Table 2. Best parameter combination found
for each case
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Figure 3. Hypothetical FTPP considered in this study, from Il 0.5 0.9 0.6 0.7
Contreras et al. (2008) 1]} 0.5 0.7 0.65 0.7
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The four cases of the hypothetical FTPP were solved to optimality by the MIP solver,
providing an updated benchmark for cases lll and IV for which optimal solutions were not found
in Contreras et al. (2008). Our ACO algorithm was able to find the optimal solution for cases |
and IV improving the solution quality when compared to approximately 98% reported in
Contreras et al. (2008). We used these two unconstrained FTPP (cases | and IV) as a reference
to obtain a meaningful sediment constraint range and set two increasing levels for the
constrained cases. As the ACO algorithm presented in this study was designed to address
constrained FTPP, it was able to reach high quality solutions for all cases and instances. The
best found ACO solutions for cases Il and Ill, achieved optimality levels of 96.7% and 96.1%,
respectively, which are comparable to those reported by Contreras et al. (2008) (94.8% and
97.6%).

Table 3. Objective function comparisons between MIP and ACO solutions for the Hypothetical FTPP.

Case ACO Sediment constraint value MIP Percent
(Objective value) (tons) (Objective value) difference
I 1,496,562 N/A 1,496,562 0.00%
Il 1,637,860 2,000 1,585,393 3.31%
1} 2,086,280 1,500 2,008,344 3.88%
v 948.6 N/A 948.6 0.00%

To test the overall robustness of the ACO algorithm and to test its ability to consistently
find high quality solutions on different FTPP of similar size using the same parameter values
found for the original HTPP, we created a set of 10 different problem instances on the same
transportation network (Figure 3). These ten problem instances were created by randomly
assigning timber sale locations and the mill destination to different nodes (Figure 4). Timber
volume at each sale location as well as the three edge attributes (fixed and variable
transportation costs and sediment yield) on each edge remained the same for all problem
instances. As with the original FTPP, we also considered the four problem cases with increasing
level of sediment constraint. In order to compare ACO solution quality, we used the MIP solver
to obtain optimal solutions. The total sediment amount associated with the optimal solution



for case | (cost minimization) and the objective function of the optimal solution for case IV
(sediment minimization) were used as the upper and lower limits of the sediment constraint in
cases Il and Ill. For all ten instances, one third and two thirds of the difference between the
upper and lower limits were subtracted from the upper limit to determine the sediment
constraint values for cases Il and lll, respectively.
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Figure 4. Ten problem instances created on the hypothetical FTPP considered in this study.

The ACO algorithm was able to successfully solve all FTPP, four cases for each of the ten
instances, obtaining high quality solutions and in many cases matching optimal solutions. For
case |, the ACO algorithm was able to find optimal solutions for seven of the ten instances, and



on average for all ten instances ACO solutions were 99.8% optimal. For case IV, the ACO
algorithm found optimal solutions for all problem instances but number five, which solutions
quality was 99.6%. ACO solutions for the constrained FTPP (cases Il and Ill), for which the ACO
algorithm was designed, also provided near-optimal solutions. For case Il, ACO solution quality
ranged from 97.7% to 99.9% with an average solution quality of 98.9%. As problem complexity
increased in case Ill due to the more strict constraint, ACO solution quality averaged 97.8% with
a range between 95.3% and 100%. Consistently for all problem instances, solution quality for
case Il was slightly better than for case Ill, mainly because of the fewer feasible solutions
evaluated per unit of time.

Table 4. Objective function comparisons between MIP and ACO solutions for cases Il and Il of the ten different
problem instances.

Instance Case ACO Sediment MIP Percent
(Objective value - §) constraint (tons)  (Objective value - $) Difference
1 I 887,719 2,159 878,749 1.02
I 1,027,550 1,727 981,203 4.72
2 1] 1,416,090 2,490 1,415,960 0.01
11 1,619,740 1,860 1,563,669 3.59
3 I 1,055,330 2,254 1,048,768 0.63
I 1,174,630 1,746 1,170,956 0.31
4 I 914,972 2,449 910,152 0.53
I 1,043,763 1,778 1,043,763 0.00
5 I 1,203,500 2,445 1,181,284 1.88
1l 1,301,920 1,945 1,260,541 3.28
6 1] 1,212,620 2,354 1,208,610 0.33
I 1,398,950 1,760 1,355,860 3.18
7 1] 1,089,140 2,672 1,066,148 2.16
1 1,164,660 1,978 1,164,368 0.03
3 I 1,241,760 2,660 1,229,392 1.01
1 1,418,220 1,971 1,361,841 4.14
9 I 1,410,850 2,262 1,378,432 2.35
1l 1,679,540 1,734 1,636,147 2.65
10 I 1,403,150 2,342 1,394,355 0.63
1l 1,634,760 1,750 1,628,223 0.40

In general, the ACO algorithm was able to produce near-optimal solutions for all
constrained FTPP. Although MIP was able to find optimal solution, the ACO algorithm only
required a fraction of time (Table 5). On average, the best solution found by the ACO algorithm
required about 25% (18 vs. 79 sec) and 1% (24 vs. 1678 sec) of the computing time required by
the MIP solver to find the optimal solution for cases | and IV. For case I, the ACO was relatively
similar taking between 190 and 960 sec with an average of 544 sec. On the other hand,
computing time required by the MIP solver was about 18 times larger (9,949 sec). Due to the
complexity of the problem, ACO and MIP solution times for case Ill were on average much
larger and variable than those for case Il. ACO solution times varied from 360 to 29,000 sec
with an average of 5,370 sec, which is only about 7.3% of the average time required by the MIP
solver.



Table 5. Comparison of computing times (sec) for a single run required by the ACO algorithm and the MIP solver
for the four cases of each ten instances.

Instance ACO MIP
Case | Caselll Casel lll Case IV Case | Case ll Casel lll Case IV

1 17 434 363 23 41 3,254 31,722 2,790
2 14 263 2,732 25 134 62,314 90,973 500
3 16 790 428 25 65 3,532 21,893 2,147
4 21 708 396 23 95 4,732 36,385 1,275
5 18 190 29,051 19 64 3,110 149,585 54
6 21 304 8,885 24 69 4,344 97,582 2,922
7 21 905 371 28 76 1,333 31,540 2,933
8 20 371 10,722 31 68 8,458 55,516 1,786
9 14 509 332 20 84 1,182 152,629 1,157
10 20 962 419 26 98 7,225 59,597 1,212

Average 18 544 5,370 24 79 9,949 72,742 1,678

V. CONCLUSIONS AND FUTURE WORK

We developed a customized ACO algorithm to solve FTPP considering fixed and variable
costs as well as a sediment constraint representing the negative environmental impact of
timber transport. The ACO metaheuristic, as most approximation algorithms, is highly
dependent on problem specific fine tuning of parameters to ensure high quality solutions.
Consequently, after conducting an exhaustive parameter search process on the hypothetical
FTPP considered in this study, the ACO algorithm was able to find optimal and near-optimal
solutions. The best parameter combination found for each case of the original hypothetical
FTPP was applied to ten different problem instances. Resulting ACO solutions for the
constrained problem (cases Il and lll) were on average 98.4% optimal, which indicated
consistent results and overall robustness of the algorithm.

The algorithm developed in this study has a great application potential to ensure the
economic efficiency of timber transport operations, which is the largest cost component of
timber harvesting. However, the ACO algorithm needs improvement to ensure solution quality
and time efficiency for larger and more complex, real-world FTPP. Future work should focus on
time efficient technique to fine tune parameter values without the need to conduct an
exhaustive parameter search. The current version of the algorithm coded in a sequential
fashion, thus incorporating parallelization is likely to reduce solution time and allow addressing
large-scale problems.
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Performance of a Prototype 'ELoad Sheet' for Monitoring Timber
Hauling Operations

Timothy McDonald?!, Frank Corley?, Nick Hindman?

Abstract

Contract loggers can spend many hours each week accounting for transported
wood. The accounting is necessary to resolve payments to contract haulers and
landowners, to invoice consuming mills for delivered products, and to document
pay and compliance with legal restrictions for drivers. The standard method used
to track wood movements generated from a contractor has been something
known as a load sheet’, typically kept at the logging deck and listing a unique
load number, the tract from which the wood was cut, and a time. Load sheets are
most often filled out by the loader operator. In addition to load sheets, drivers
sometimes keep individual track of their time spent during the day, recording
loads, delivery points, scale ticket numbers, fuel consumed, and many other
items. Together these data are used to manage the hauling operation and their
upkeep represents a great deal of administrative overhead cost to the contractor.

Mobile technology has the potential to replace all the paper record keeping used
currently with a simple, cost effective device to automatically track data
necessary for accounting, plus provide additional data for improved management
of trucking systems. This study will be an effort to develop data collection
systems deployable in log trucks that can, with minimal interaction with the driver,
provide all necessary information related to timber hauling. It is anticipated the
technology will also provide information not currently available, particularly a
location for events such as setting out a trailer or off-route excursions by drivers.
We anticipate providing details on the development of the software, an overview
of its operation, and metrics concerning its performance relative to traditional
accounting systems.

! Associate Professor, Biosystems Engineering, Auburn University
2 Corley Land Services
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Montana Logging Costs 2013-An Engineering Approach

Josh Meek?, Steve Hayes?, Beth Dodson

Abstract

Montana’s forest products industry has changed significantly in the past decade. Decreased
timber harvest, decreased employment in all forestry-related sectors, increased focus on
ecosystem management and concerns of climate change, and an increased supply of smaller
diameter timber have all led to important changes within the industry. Consequently, there is a
need to update harvest-related costs across the board to reflect this shift in operations and to
provide an easy to use resource for those interested in sustainable forest operations. The Bureau
of Business and Economic Research (BBER) puts out logging cost data every two years; this data
is based on expert opinion surveys sent to loggers in Montana and Idaho. Costs are calculated by
identifying several timber harvest scenarios where loggers give their best estimate to what it would
cost them to complete these scenarios. There has been a need identified to validate these
responses by means of collecting fixed and variable costs for everything from total machine costs
(including insurance, maintenance, depreciation values, etc...) to labor and other operating costs.
While this information does already exist in several venues, it does not formally exist in a setting
specific to Montana. To accomplish this, equipment dealers, insurance agencies, labor bureaus,
county tax authorities, and loggers in western Montana were interviewed during the late
winter/early spring of 2013. Costs were assembled in a spreadsheet and will serve as a means to
validate survey responses for the upcoming round of production-level logging cost estimates
developed by the BBER.

Introduction:

The field of forestry has long been one of Montana’s foremost industries and our state has
historically had a significant role in the Northwest’s important forest industry. The industry has, of
course, changed significantly from its early days, and is much different now than it was even
twenty years ago. Harvest volumes have decreased by 64% since 1993 and consequently, so too
have employment numbers (11,895 workers in 1993 to 6650 in 2012) and sales revenue from
finished product (71% decrease) (Morgan et al. 2013). These factors combined with new ideas on
how best to manage the nation’s forests have significantly altered the nature of Montana’s forest
industry. To remain competitive and in touch with contemporary forestry issues, the industry in
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Bureau of Business and Economic Research-Research Forester
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College of Forestry and Conservation-Associate Professor
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Montana must maintain and update its knowledge and data regarding logging cost and subsequent
continued feasibility.

Over the past century, the industry has seen many ups and downs. Technological
advances have greatly improved logging equipment efficiency, but have also led to increased costs
across the board. In a sense, a “teeter totter” is a relevant symbol to illustrate swing in costs and
revenue. That is, as logging costs increase, returned revenue decreases (generally) (Mathews
1942). The initial investment in a piece of new logging equipment has increased, as have fuel, oil,
and maintenance costs. The cost of labor has followed a similar trend as have worker’'s
compensation rates and general benefits to employees (Morgan et al 2013). At the same time, this
modern equipment is faster and more efficient allowing for increased production, decreased fuel
usage and emissions, and decreased need for human labor. These advances allowed by
technology have been further stifled by the economic situation that Montana’s timber industry
faces. While advanced technology does exist that has the capacity to potentially improve harvest
efficiency, whether or not this modern machinery is worth the investment is a concern of
considerable measure for today’s logger. Consequently, loggers and forest managers need to be
aware of the costs associated with logging to be able to better handle their own future situation.

Justification:

The BBER has produced logging cost data for roughly 15 years, filling a gap left by the US
Forest Service (USFS). To construct these cost estimates, the BBER surveys logging
professionals in Montana and Idaho on a two year rotating basis. These surveys identify several
scenarios among different harvest systems, a silvicultural prescription is given, and the logger is
asked to prepare a cost estimate or bid based on these scenarios. This data is returned to the
BBER where costs are then analyzed and reported.

There are several needs relevant to maintaining this logging cost data provided by the
BBER. Firstis the need to both enhance and update knowledge on daily and hourly equipment
and labor costs to act as a validation tool for the survey data returned by loggers. Second is a
need to compile this data to be able to offer to loggers, forest managers, and private landowners a
tool to estimate these costs “across the board”. It is generally accepted that logging costs are
inherently variable due to the many factors affecting the overall process. However, being able to
offer at least a baseline of average costs could be a useful tool for estimation, as well as
comparison between types of equipment.

Equipment and labor cost estimates have been produced in a variety of formats across the
U.S. (SRS calculator, Charge-Out, various “homemade” costing spreadsheets, etc...) (USDA n.d.,
Bilek 2008, Brinker et al 2002). However, it has been many years since data was collected specific
to the Rocky Mountain region and consequently, local loggers and managers may question the
applicability of using this cost data in our own locale. Equipment and labor costs were kept
regularly by Montana’s commercial timber industry through the 1980s, though this data has been
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collected (or at least reported) less frequently with the downsizing of the industry. Thus there is a
need to update this data to better serve the needs of those remaining, and to serve as a
comparison to cost data from 20 years ago.

The ultimate goal of this report is to compile updated, local cost estimates for equipment
deemed representative of equipment currently utilized in Montana, as well as regional labor
estimates. Comparisons will be made to historic cost data specific to Montana. Future research
needs are also identified, as the scope of this paper was limited by time and resources.

Methods:

For this project, we utilized equipment cost data produced roughly 20 years ago by
Champion Timberlands, one of Montana’s major timber companies. We attempted to replicate the
format used in the historic data source almost exactly to maintain a sense of continuity between
estimates. The original source had logging costs broken down in “typical engineering format”
applied to the costing of individual pieces of equipment across harvest systems and include the
break-out of fixed and variable costs. Specific costing aspects of each system were then broken
out individually into fixed and variable costs (Caterpillar 2001, Matthews 1942). Production
estimates were not included in the historic data, and consequently are not included in this report
either.

The equipment costing aspect of this report relies primarily on local expert opinion and data
in the form of equipment specification and cost sheets. Two equipment dealers in western
Montana were contacted and direct interviews were conducted with the individual in charge of
forestry equipment sales at each (Jones 2013, Ployhar 2013). These dealers were chosen based
partly on accessibility, but mainly due to their respective brand of machinery being identified as a
“‘major” participant in the local equipment industry. The question was posed to each individual as
to what type of equipment is being commonly purchased and utilized in Montana today. Each
equipment dealer offered to produce costs for what they considered a full, commonly-utilized “side”
of a mechanical logging operation including a feller-buncher, skidder, processor, and log loader.
Cost and specification sheets were furnished for each machine. In addition to data furnished by
equipment dealers, insurance, tax/depreciation, maintenance, oil/lube, tires and chains, and other
associated data was collected from local city and state governmental agencies.

To retain a sense of locality, “rule-of-thumb” methods from expert opinion were used to
account for as many equipment cost categories as possible. While we were not able to account for
each one, we were able to garner information on fuel usage, oil/lube, and maintenance costs
(Jones 2013, Ployhar 2013). Otherwise, methods were used from other published sources
(Brinker et al 2002, USDA n.d.). All of these costs were put in Microsoft Excel and “crunched” to
produce daily and hourly rates.

Labor costs were assembled using Federal wage data, as well as Worker's Compensation,
other insurance data, and other associated costs from city and state agencies, local insurance

Meek et al. 2013 Council on Forest Engineering Annual Meeting page 3



dealers, and the Montana Logging Association. Similar to the equipment costing, these numbers
were “crunched” using Microsoft Excel.

Upon completion of the compilation of cost data, several local loggers were contacted and
interviewed to offer input on the validity of these costs. Their input was taken into consideration
and added to the Spreadsheet as applicable.

For the sake of comparison, current data was compiled and produced in a format similar to
the past report. These historic costs were then inflated to current year dollars using a currency
inflator provided by the BBER to aid as a comparison tool.

Assumptions:

Logging costs are incredibly variable due to numerous factors; however, we hope to offer an
average cost representative of Montana’s timber industry today. Several assumptions are
necessary to compute this estimation:

e A 180 day working year with 36 weeks of work (5 day week)

e A 9.5 scheduled machine hour (SMH) day with 1.5 hours of overtime for equipment, and 8.0
SMH for sawyers

e 8.5 productive machine hour (PMH) per day

e Diesel fuel at $3.50 per gallon (off-road diesel)

e Insurance 1.30 per $100 (quote from PayneWest Insurance; based on 60% of new
replacement value

e 6.5% interest-financing

e 3% administration cost

e 150 mile per day roundtrip for crew transportation costs

Results:

Table 1-Logging Cost Comparison between 1993 and 2013

1993 Total _
Operation Side Per Day | 2013 Total Side % Difference
(Inflated to 2013 Per Day
dollars)

Sawyer $333 $ 345 4%
Loader $706 $ 1,053 49%
Tired Skidder-Large $632 $ 1,123 78%
Track Skidder-Large $734 $ 1,123 53%
Feller Buncher $1,001 $ 1,277 28%
Processor $945 $ 1,080 14%

Meek et al. 2013 Council on Forest Engineering Annual Meeting page 4



The table above illustrates cost data from our historic source (column two) and data from
our updated costing exercise (column three) utilizing local information for one complete mechanical
logging side including operator wages specific to Montana. In regards to the contemporary data,
costs were averaged across machines of comparable size, horsepower, and attachment type to
produce a singular cost. As producing detailed costing data for different equipment was one of the
goals of this project as means of validation for other research, more detailed data does exist
internally and is available upon request

Discussion:

As illustrated above, the cost of running a total side in Montana has significantly increased
over the past 20 years beyond inflation. Based on comparison to past data as well as anecdotal
interviews with logging professionals, the biggest increase in costs purportedly has been in the
purchase price of new equipment, diesel fuel prices, and the increased price of steel. Ultimately,
our comparative data suggests that the costs of purchasing and operating equipment are huge
factors in the overall increase in logging costs.

To compare initial purchase price between 1993 and 2013, costs were averaged for all
equipment between years. It was found that average initial price jumped from $226,330 (inflated)
in 1993 to $430,409 in 2013, an increase of 90%. However, comparison between equipment
purchase price from our historic data and contemporary data proved challenging based on several
factors. Most notably, equipment utilized today is mechanically and technologically much different
than 20 years ago. There were observable differences in both weight and horsepower between
data sets, with modern equipment having a range of 12-122% more horsepower, thus contributing
to increased fuel usage, oil/lube, maintenance, and initial purchase price. Ideally this increase in
power would equate to an increase in productivity, though the increase in purchase price might
offset the production benefits of purchasing new equipment.

In addition to increased engine power, changing emissions standards have also arguably
influenced the initial purchase of logging equipment. Federal emissions standards have been in
place since 1994, with several changes occurring since (EPA 2013). These regulatory changes
have and will require alterations to equipment engines in the form of advanced emission control
technology, but there is a disparity in how much impact this will have on initial purchase price. This
range is from a 1% increase up to 30% based on our interviews with local equipment dealers
(Dieselnet 2013). Despite the variability in this range, it will be important for logging professionals
to be considerate of these changes into the future.

While the mechanical side of logging equipment has changed significantly, there has also
been substantial improvement in on-board technology. Most modern equipment has advanced
computer systems capable of determining and processing different cut log specifications, and then
storing production data for future use. For instance, John Deere is now offering an optional
program they call JD Link technology that wirelessly enables mill operators to set cut specs in the
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mill without having to implement any changes on the machine (Jones 2013). This program also
monitors how the machine is operating mechanically and when maintenance is required. Other
companies offer similar services, thus ideally enabling loggers and mill operators to interact more
seamlessly and improving overall efficiency. Yet, similarly to mechanical advances, there is an
underlying cost associated with this improved technology that may be of further consideration
when purchasing new equipment.

As stated above, the purchase price of new logging equipment accounts for a large portion
of overall cost difference between our historic and contemporary data. However, other factors
were brought up during conversations with our interviewees. First, the number of annual days a
logger works has decreased over the past 20 years. This is due to a variety of factors, most
notably market influences on consumer need and the availability of a consistent supply of timber,
and consequently the work availability for loggers. Also, yearly climatic patterns influence the
amount of operational days, whether it is an extended spring break-up, or a forest shut down for
extreme fire danger. A second influence (and tied to the first) is the increased driving distance to
get to a job site. A consequence of decreased logging employment and mill facilities means the
same area is covered by fewer contractors, thus those remaining must travel further. This results
in increased fuel usage and vehicle maintenance costs and becomes more prevalent on overall
operational costs. A final influence is in regards to generally changing make-up of the logging
contractor workforce. It's been noted in several recent publications that the logging sector is
becoming increasingly older (Allen et al 2008). This is having an effect of all associated labor
costs including hourly wage, worker's compensation rate, social security, and other associated
taxes. Upcoming changes in the Federal health care mandate will further increase labor costs,
though the exact influences are unknown at this point.

Conclusion:

Ultimately, the costs of logging have increased substantially in comparison to data from 20
years ago. While this isn’t surprising, it does serve as an important reminder for those involved in
Montana’s logging industry. While the local economy has seen an upswing in past months, the
variable nature of the forest products industry holds our own local economy in a tenuous position.
While these external factors certainly play a large role in industry’s future, the mere cost of
operation may “make or break” an operation. Thus, it is beneficial to constantly update and
maintain logging cost data to help ensure the continued success of this vital industry in Montana.

Future Research Needs:

As a result of time limitation, as well as access to data, several aspects of this costing
exercise were excluded. Most noticeably, no cable logging equipment was included in this
iteration. This is due mainly to the lack of new yarding equipment being bought and sold in the
local area. While cable logging is still an important part of Montana’s logging sector, most
equipment dealers are not selling new equipment locally. That said, it is currently planned to carry
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this project forward and collect cable logging equipment costs from the remaining local contractors
still using this equipment. Also excluded from this report were production values to equate daily
cost to cost per ton or board foot, though this is also planned for the next iteration. As a result of
the recent upturn in the price of delivered logs, there has been renewed local interest in the use of
helicopter logging. Including this data in future research will be addressed based on apparent local
interest and availability of infrastructure to provide data. Additionally, comparisons will be made to
data from other regions in the United States to assess applicability of utilizing costing tools from
other sources.
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The State of the Logging Workforce in the Southern United States

Dana Mitchell* and Erin J. Huffaker?

Abstract

There is a need to understand the current state of the logging industry. Many U.S.
woods sector full-time jobs have been lost in recent years. When the forest products
industry rebounds from the current market slump, will the logging workforce be ready
and able to respond?

This paper utilizes publicly available data to examine variables important to
understanding the current trends in woods sector employment. Southern US data is
also examined to address where loggers live and work, their wages, and the potential
impact of population growth and land use on the industry.

Introduction

Since 2005, the US woods sector (paper and solid wood, including primary and
secondary wood-manufacturing) has seen a loss of 294,000 full-time jobs (Smith and
Guldin, 2012). During this timeframe, 113,000 full-time woods sector jobs were lost in
the southern states. When the forest products industry rebounds from the current
market slump, how will the logging workforce respond?

The Wood Supply Research Institute (WSRI) has assisted with funding a long-term
logger study that began in 1990. The project provided several annual reports with
information on costs and trends in the logging industry using data that had been
collected over more than 15 years. The last report was written with data collected in
2006 (Stuart et al, 2008). Over the years, some of the baseline loggers that had been
the basis for the study had gone out of business and other logging businesses were
selected to fill the void. Funding problems and the time-lag in reporting suspended that
research project. A revamped project is expanding the geographical area for data
collection and reducing the time-lag between data collection and reporting, however,
much of the data from this study is privately funded and not currently publicly available.

Another study funded by WSRI examined supplier-consumer relationships. The study
found that a large percentage (40%) of loggers and truckers were operating their
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businesses at a loss financially, or at best break-even (Taylor, 2012). It is expected that
many businesses cannot remain viable for long when operating under these types of
financial conditions. An increased demand for wood by the forest products industry
should improve the financial health of logging businesses.

The health of logging businesses is important to the wood products industry because of
the supply and demand nature of their relationship. One indicator of the health of the
wood products industry is the number of housing starts across the nation. In fact,
housing starts are often cited as an indicator of investment spending and the overall
economic health of the nation. Current data from the US Census Bureau (2013)
indicates just how much this data fluctuates (Figure 1) on a quarterly basis. The
consumer price index, mortgage interest rates, and many other variables can impact the
housing starts trend.

The US Census Bureau also reports housing starts data on a regional basis (Figure 2).
Examination of housing starts in the southern states region may be particularly useful
because approximately 33%of the nation’s forested lands are located in the 13 southern
states (USDA, 2012). In fact, half of the total acreage in the south is forested. The US
Census Bureau includes the following states in their definition of the US South Region:
Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky,
Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina,
Tennessee, Texas, Virginia, and West Virginia. From the period April 2005 — April
2013, 50% of the housing starts were in the US-South region. Examining the April 2013
data, the US South had 47% of the housing starts. Unfortunately, the readily
summarized regional data includes additional states in their definition of the US South,
some of which contained densely populated metropolitan areas. However, this
information is readily available on the US Census Bureau’s website (2012) and aids in
understanding the impact of the woods sector industry in the 13 southern states. These
trends can result in impacts on logging jobs and the vigor (or lethargy) of logging
businesses.

The southern region woods sector is in a unique position with a large forested land base
coupled with the highest regional percentage of housing starts. Since the woods
products industry typically includes forestry and logging, furniture, paper, and wood
products; one can easily see that forestry and logging play an essential role. This paper
examines southern logging industry to identify factors that may impact the logging
workforce in the southern United States. Questions addressed include:

1. Where are the mills? The logging companies?

2. Where do the loggers live? How much are they paid?

3. What are some of the potential future impacts from population growth and land
use changes?
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The Southern Workforce

There are several sources of information that can be accessed to gather data for
analyzing various aspects of forestry. Some are mailed surveys, which can report
interesting data, but these frequently have a low response rate. Others are longer term
surveys that collect information over a period of time, sometimes from the same set of
respondents. As time goes on, businesses come and go, funding limits data collection,
and other obstacles can occur. Interview data gathered person-to-person can result in
meaningful information because questions can be restated and answers can be further
explored as compared to mailed or other types of non-personal contact surveys.
Unfortunately, substantial time and expense are required to perform person-to-person
statistically relevant interviews.

An easy and inexpensive way to gather information regarding the logging workforce is
to use readily available data from a variety of sources. Data from the US Census
includes a vast amount of information. The US Department of Labor’s Bureau of Labor
and Statistics (BLS) is the ‘principle agency responsible for measuring labor market
activity, working conditions, and price changes in the economy’ (BLS, 2013). In
addition, the USDA Forest Service’s treesearch website
(http://www.treesearch.fs.fed.us/pubs/), Forest Inventory and Analysis (FIA) website
(http://www.fia.fs.fed.us/) and other research and development websites provide
additional sources of information. These sources were used to gather information
regarding the southern US logging workforce and identify potential driving forces that
could impact the workforce.

A series of maps were developed to gain an understanding of the current southern
logging workforce. Since the logging workforce generally delivers wood to primary
wood-using mills, a map was developed to see where the mills were located. Figure 3
is a graphical display of all of the mills in the southern states in 2011 (FIA, 2013). FIA
data was again employed to see how much timber volume was removed from each
county in 2011 (Figure 4). Lastly, the location of logging businesses according to the
US Census (2010) is displayed in Figure 5.

Figures 3 and 4 provide a graphical display of where timber is produced in relation to
the mill locations. Darker colors on the timber removal map (Figure 4) indicate higher
timber removals. These overlay well on the mill map (Figure3) indicating that the wood
is generally sourced closer to the end-user. The location of the logging businesses
(Figure 5) is not quite as heavily populated near the mills. This indicates that the
logging businesses that provide the wood are more scattered across the counties and
do not necessarily congregate near mills.
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The number of logging workers (North American Industry Classification System (NAICS)
code 1133) in each county was queried using the American Fact Finder tool from the
US Census (Figure 6). This data was categorized in the database, thus limiting the
ability to provide further refinement. The first category included counties with less than
20 employees, while the next category included counties with 20 to 99 employees. At
the regional scale, and without local knowledge, this data is somewhat limited in
application. It is apparent that some of the counties with few logging businesses may
actually be the home for many logging employees. One could assume that the few
logging businesses in that county are large, or that the logging workers work in a
different county than where they live. Local knowledge must be used to substantiate
any county-level assumptions.

In general, it appears that logging employees live in more rural areas. A comparison of
population densities (shown in Figure 7), and the logging employees by county (Figure
6) clearly indicates that few logging employees live in high population areas. For
instance, the population densities in the 13 counties around Atlanta, GA are greater
than 500 people per square mile. For this same area, 6 counties have 0 to 3 logging
employees each and 5 counties have 4 to 19 logging employees each. Conversely, low
population counties, such as those located just north of Mobile, AL, are home to 20 to
99 logging employees each.

Primary wood-using mills
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Figure 3. Primary Wood-Using Mills
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Potential Future Driving Forces

Readily available data provides a snapshot of the current industry as shown in the
previous figures. Some driving forces could bring about a change in the way these
maps appear in the future. The Southern Forest Futures Project (Wear and Greis,
2012) performed a science- and computer modeling-based analysis of several
scenarios to examine a ‘variety of possible futures that could shape forests and the
many ecosystem services and values that forests provide’. In their analysis, they
forecast changes for 2020. Figures 8 and 9 display the population growth counties
forecasted for 2020 as well as the land use change.
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Given this 2020 scenario forecast, we considered some of the possible impacts to the
logging community. The percentage changes shown in Figures 8 and 9 are based on
the year 1992. Therefore, the relationship to the 2011 US Census Bureau-based maps
isn’t across the same time frame. However, the comparisons are useful and may
identify trends that could impact the logging community.

In the period of 1992 to 2020, Figure 8 indicates high rates of population growth in
Mississippi in the counties surrounding the capital, along the gulf coast, counties just to
the south of Memphis, TN, and also in Lee County (Tupelo). Figure 7 indicates that
these counties are already densely populated and Figure 6 shows that these counties
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are currently home to few loggers. Conversely, the counties in the southeastern corner
of Georgia are home to many loggers, but those counties are projected to have a fairly
high rate of urbanization. Since loggers generally live in more rural areas, how will the
population change impact them? Will local policies affect loggers’ ability to continue
working in the same occupation? Will current logging labor rates be able to compete
against new industries?

Potential losses of forest lands are visually displayed in Figure 9 and coincide with
areas of increasing population density (Figure 8). Large contiguous areas in NW
Georgia and areas in the northern portion of Alabama indicate a reduction in forested
land for the period of 1992 — 2020. Both of these areas are currently home to logging
employees. Local knowledge of current industries is needed to further refine this
information. It is possible that people who identified themselves as loggers in the US
Census are not actually employed in that profession, or even that smaller wood sector
markets exist in the identified areas and can continue to support a small number of
logging employees.

Logging Businesses in the South

In an effort to gain information on logging businesses, data from the US Census
Bureau’s County Business Patterns website was examined. This data provides general
information, but it does have one significant limitation. The US Census includes a
nonemployer status which can include businesses that do not report any paid
employees. Some logging businesses won’t be reported in the County Business
Patterns reports because they fall into this nonemployer status category. However, the
data provides readily available information and can aid in identifying trends.

The number of logging businesses has decreased from 5707 businesses in the
southern 13 states in 2003/2004 to 4415 in 2009 (Table 1). This is a loss of 23% of the
logging businesses across the southern states. Kentucky had the greatest loss (47%)
of logging businesses. It is important to note that none of the southern st