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1 Introduction 
Operability, in the strategic timber supply context, refers to a classification of the land base as 
either suitable or not suitable for timber extraction.  Suitability for timber extraction is influenced 
by the physical characteristics of the land, social and environmental concerns, and the potential 
economic return generated contrasted with the costs incurred during all phases of production.  
Economic operability can be a difficult element to quantify.  This report, instead of focusing on an 
single economic operability result outlines a logic to economic operability analysis using actual 
cast and value data, such that the process can be refined over time following a consistent 
methodology. 
 
This project was undertaken in part, as a result of the Chief Forester’s direction during his review 
of the 2001 Timber Supply Review of the Mackenzie TSA.  In his determination, the Chief 
Forester directed that; the licensees review and redefine the economic operability data, in 
particular in balsam-leading stands and stands in the far zone”, and “attempt to quantify the 
extent of isolated areas in the special planning cells, and any impacts to timber supply”1.  
Following this direction, Canfor initially contracted Forest Ecosystem Solutions Ltd (FESL) and 
D.E. Gyton and Associates (DEGA) to conduct an economic operability analysis for the 
Mackenzie TSA.  Through preliminary discussions between Canfor, FESL and DEGA, and later 
discussions with Abitibi Consolidated and the Ministry of Forests District office and Forest 
Analysis Branch, it was decided that developing an innovative process to defining economic 
operability in the Mackenzie TSA would be more appropriate given the timing of TSR 3. Also, the 
project participants agreed that using actual economic data from the Mackenzie TSA would 
provide more value than simply conducting an economic operability assessment that would be 
outdated prior to TSR 3. 
 
The logic described in this report has been designed to define the market value and costs of 
production using real selling prices and actual operating costs.  This approach differs from 
previous economic operability studies (see section 1 for a review of other recent economic 
operability studies). Instead of using defining value and cost from the appraisal system, as 
developed for stumpage determination, the logic described in this model, uses actual localized 
data to calculate the economic margin or (conversion return) of harvesting and milling a given 
forest stand while consider stumpage as a cost item in the calculation. 

                                                      
1 Mackenzie Timber Supply Area, Rationale for Allowable Annual Cut Determination, December 1, 2001 pg 35 
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2 Objectives of the Project 
The primary objective of this project was to define a methodology that could be used to guide 
future economic operability exercises either through providing a framework based on the logic 
and possibly continuing to build a working model for the Mackenzie TSA.  Through defining the 
stages of production, and the cost and values associated with each stage, a model of the entire 
process from strategic planning to product sales can be developed, that accurately defines the 
relative profitability of each stand in the Mackenzie TSA.  This project was designed to develop, 
document and test the logic required to build such a model. 
 
To meet this objective, relationships between existing sources of data common to the forest 
industry such as forest inventory data, timber cruising results, lumber recovery factors and sales 
records were defined, resulting in a logic model, that connects the forest inventory with estimated 
revenue and cost figures.   The use of existing real data to define economic operability and the 
ability of this model to “capture” the full potential conversion return of forest products produced 
from any stand within the TSA are the features which separate the approach documented here 
from previous similar operability projects. 
 
This report describes the logic developed and the steps taken to build the relationships between 
the various sources of data.  In addition, this document provides some preliminary results of the 
application of this logic on a pilot area within the Mackenzie TSA.  Following the results, 
requirements for future refinement of the logic as well as potential application of the model for 
other purposes are discussed. 
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3 Scope of the Project 
To meet the objectives of this project, first the logical connection between all of the stages of 
timber production had to be developed.   Secondly, a review of the data available for each stage 
had to be reviewed.  The data then had to be manipulated into a form that would allow for a 
smooth flow of information from the inputs to the final result.  This data model then had to be 
tested against a real world area to evaluate the logic. 
 
For the final step, a sample area within the Mackenzie TSA was selected.  This area represents 
approximately 141,334 ha.  See section 3.2 for a description of the study area. 
 

3.1 Description of the Mackenzie TSA 
The Mackenzie Timber Supply Area (TSA) is situated in the Northern Interior forest region of 
British Columbia.  The TSA covers approximately 4.61 million hectares, making it the fourth 
largest TSA in the province. The topography of the Mackenzie TSA is variable from the Rocky 
Mountain Trench, with flat to gentle terrain, running in a north-south trough through the centre of 
the TSA.  To the east are the rugged Rocky Mountains and to the west are the more rounded 
Omineca Mountains.  Williston Lake is one of the most prominent features of the area.   
 
The forests of the Mackenzie TSA are fairly homogenous, with a mixture of lodgepole pine, 
spruce, and sub alpine fir being prominent.  Deciduous species are also common in the TSA.  
The TSA climate is dominated by cold weather.  Daily average temperatures are below freezing 
for half of the year and three-quarters of the annual precipitation falls as snow2.   
 
In the most recent timber supply analysis (2001) about 71% of the Mackenzie TSA land base 
(2.71 million hectares) was considered Crown forest land, managed by the B.C. Forest Service 
(BCFS).  The timber harvesting land base delineated in TSR II, was approximately 1.4 million 
hectares. 
 
Under Section 8 (3.1) of the Forest Act, the Chief Forester has postponed TSR 3 for the 
Mackenzie TSA until 2011.  Forest Act —permits the chief forester to consider a postponement of 
the allowable annual cut to a date that is up to 10 years after the last determination, if the chief 
forester determines that the AAC is not likely to be changed significantly with a new 
determination. 
 
Figure 1 illustrates the location of the Mackenzie TSA within the province of British Columbia. 

                                                      
2 as described in TSR II, MOF 2001 
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Figure 1:  Mackenzie TSA. 
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3.2 Description of the Pilot Study Area 
The pilot area (Figure 2) for this project was selected to test the economic operability logic based 
on several key factors: 
 

1. representative of a variety of stand types, 
2. exhibiting a significant amount of historical harvest activity so that major structures and 

road networks would be mostly in place, and 
3. large enough to achieve bullets 1 and 2, yet small enough to maintain a manageable 

dataset. 
 

 
Figure 2: Location of the pilot area within the Mackenzie TSA. 
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3.3 Sources of data used in the project 
Data for this project was provided by a variety of sources.  Table 1 provides a list of the major data 
items and their sources. 

Table 1:  Data sources. 

Data Item Source Comments 

Forest Inventory J.S. Thrower Data provided in the form of a resultant 
coverage, developed for SIBEC project 
2004/05. 

Timber cruise results Claymore Consulting Ltd  

CTLsim Tree / Log Yield values Halco Software Systems 
Ltd. 

Four sample cutting permits were 
analyzed by Claymore using CTLsim.  The 
results were provided to FESL. 

Lumber product matrix Canfor  

Lumber recovery factors Interior Appraisal Manual The intention is to use actual LRFs 
generated by the destination mill, when the 
data becomes available. 

2004 sales figures Canfor  

Stumpage values Ministry of Forests Harvest 
Billing System 

Stumpage values were associated with 
CP data using an approximation of dates.  
Actual stumpage values would be used if 
available. 

Actual cost figures Canfor General costs for categories listed in 
section 5.2 were provided. 
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4 Review of Previous Economic Operability Analysis 
Determining the feasibility of harvesting forest stands is a necessary part of the work required to 
produce a Timber Supply Area Review and assist in the determination of Annual Allowable Cuts 
in British Columbia. Until recently, operability assessments within B.C. have been undertaken by 
excluding certain forest types and conditions when determining the timber harvesting land base. 
The bases for exclusion can include stands located above certain elevations, stand types typically 
considered uneconomical or by excluding all or most stand types within certain geographic 
locations (typically isolated or far away).  A number of attempts have been undertaken to improve 
the above methodology – to make the methodology more site specific. All such efforts have been 
based on attaching economic parameters to stands or groups of stands in an effort to determine 
their relative margin or conversion return.  
 
Thus far, Economic Operability projects have been based on employing coast or interior 
stumpage appraisal cost allowances and log or lumber selling prices. Public reports of these 
projects indicate that a preponderance of stands in an Economic Operability study based on 
Coast or Interior stumpage appraisal show a very high number of negative conversion returns 
despite the fact that all such projects ignored stumpage (i.e. most stands have a negative value 
before consideration of stumpage).  These factors cause all economic operability determinations 
based on appraisal selling prices and costs to be questionable - particularly when profitable 
harvesting operations have been conducted in many of those stands determined to be 
inoperable. 
 
It should be understood that stumpage appraisals are undertaken for timber pricing and not 
timber valuation. Since operability determination is more like a valuation exercise and not timber 
pricing then it would be reasonable to consider stumpage but not develop the full methodology 
using appraisal costs and values. The reasons for the inability of operability studies based on 
stumpage appraisal methodologies and data to generate a greater number of positive results are 
as follows: 
 

1. Despite the fact that logging cost allowances employed within the current CVP stumpage 
appraisal system used in the interior are based on data derived from the licensees, the 
allowances appear to be consistently higher than actual harvesting costs. The LRF’s 
employed by the interior appraisal system are typically lower than that experienced by 
average sawmills. The interior lumber AMV’s also fail to capture the “spot market” prices 
for higher quality lumber products, and therefore fail to capture the full true conversion 
return. 

 
2. The above assertions become increasingly obvious when the upset prices on Small 

Business TSL’s were determined under the CVP system. Prior to January 1999, the 
Small Business CVP stumpage system was essentially the same as that employed by the 
major licensees. Invariably Small Business TSL’s were bid up above the upset stumpage 
rates indicating that the conversion return prior to stumpage was larger than that 
captured by the appraisal system. The differences were typically larger than the 
additional tenure obligation cost allowances required by the major licensees. 

 
3. Operability studies also transcend the requirements normally placed upon most forest 

valuations. The forest valuation attempts to quantify the contribution of a particular piece 
of Crown-granted land or a forest tenure to an established and ongoing mature industry. 

 
4. From the point of view of tangible traditional forest products, an economic return from a 

forest can only be realized if there is a means in place to use the products to be derived 
from it. The converse is equally true  and there is little incentive in constructing the 
manufacturing facility without the forest. The true tangible value of a forest is therefore 
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equivalent to the total net present value of the manufacturing facility over its life, less the 
capital invested.  

 
5. Within the concept of economic operability, it is necessary to examine the costs and 

benefits of the contribution of the various stands within the forest to the manufacturing 
enterprise. Therefore within an economic operability project it is necessary to capture the 
full conversion return from a particular stand commensurate with that of the enterprise(s) 
designed and constructed to benefit from the harvest of that specific forest or stand. This 
cannot be done using common stumpage appraisal or forest valuation methodologies. 

 
6. Stumpage should properly be recognized in economic operability either as a harvesting 

cost or a cost of doing business. Obviously the Crown has a large influence on the 
economic operability of stands within any TSA or TFL since it establishes stumpage rate 
determination methodologies and the stumpage rates that follow from those 
methodologies. 

 
7. An economic operability project requires the collection, accumulation and attribution of 

economic data to stands in the same way as volume, decay, age, species distribution 
data is amassed for stands for other requirements of a TSR.  Unlike forest inventory 
projects, there is no way to simply “measure” the economic aspects of forest stands 
remotely or by field sample. Such information can only be obtained by reference to data 
collected as a result of actual economic activity and conversion of stands into saleable 
products. 
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5 Economic Operability Logic 
The general logic produced from this economic operability study is similar to a forest inventory 
that is based on limited timber cruising or forest harvesting activities that have occurred within the 
Mackenzie TSA. The objective was to collect relevant economic data from harvested sample 
stands and apply this data to similar stands within the TSA, adjusting aspects of the harvested 
stand data as required to reflect the differences between the harvested stands and the 
unharvested stands within the TSA.  
 
The economic data collected from the harvested stands, which will then be applied, to similar 
unharvested stands within the TSA is referred to as “Stand Data Pool”.  Through the development 
of the logic and the considerations noted in Section 1, the approach of valuing only the final 
products to be produced from a stand using the actual revenue and cost structures experienced 
by the licensees within a TSA rather than averaged revenues and costs such as those employed 
within the CVP stumpage appraisal system came about.  
 
Figure 3 describes the general flow of the logic used to determine net stand profitability.  First, the 
attributes of a given stand area identified. The value of that stand is then determined by relating it 
to stand with similar attributes for which the value has been determined.  The costs incurred at all 
stages of the manufacturing process are then applied against the value determined in the 
previous stage.  The results of the equation Value – Cost yields the net stand profitability. 
 
 

Define Stand
Attributes

Determine
Stand Value

Assign
Costs

Net Stand
Profitibity

 
Figure 3:  Operability logic overview. 

 
The economic operability logic is essentially based on the identification of realistic values and 
costs for the given management unit that is being analyzed.  The description of the logic 
developed has been divided into two sections; the value sub-model, and the cost sub-model.  
Each sub-model including the data sources, logic, and outputs is described in the following 
sections.  A flow chart is included at the beginning of each section to show where the section fits 
into the larger model logic.
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5.1 Assigning a value to timber resources 
In addition to the use of actual revenues and costs, as outlined above, it is necessary to capture 
the full conversion return potential attributable to any stand. In order to capture the full conversion 
return each log that can be produced from each tree must receive its highest final end product 
value. Unfortunately, unlike other industries which maintain detailed records throughout the 
various stages of production of goods (the exact nature and cost of steel going into an automobile 
engine block, for example), the forest industry does not maintain records of revenues derived 
from specific stands – i.e. there is no “linkage” from stand, to specific logs, to specific packages of 
lumber ready for shipment. There is only the vestiges of empirical evidence – stands harvested in 
certain months contrasted with the nature and type of lumber produced that month, etc. However, 
all sawmills have good records of lumber selling prices by species, size and sort and the unit 
value of chips produced.  Most mills do have a good understanding of the recovery factors for 
lumber and chips from various sizes and species of logs. 
 
A connection linking the forest inventory and the data available from the mills is achieved through 
building relationships between the sources of data that are available for each stage of the 
process.  Forest stands can be transformed into a list of trees by species and size though 
operational cruising records. Operational timber cruises (necessary for stumpage appraisal 
purposes) have long been a requirement of obtaining cutting authority in B.C. Timber cruises 
produce excellent information relating trees to stands in addition to other information. Cruise 
information therefore exists for all harvested or proposed cut blocks on Crown lands in B.C. This 
information is also available on a stand basis within each cut block.  Recent computer simulation 
applications based on hard data can now link the generated tree list to a population of logs (e.g. 
CTLsim).  Sawmill production records can be used to connect logs to final products, and sales 
figures provide a value to the products.  By linking these data sources together, it is possible to 
build a model that provides a realistic estimate of the final product value, contained within a forest 
stand.   
 

Define Stand 
Attributes

Determine 
Stand Value Assign Costs Net Stand 

Profitibity

Stand / Tree 
List Stand ValueProduct 

Value
Log / Product 

Yield
Tree / Log 

Yield
 

Figure 4:  Value sub-model logic. 
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5.1.1 Defining Forest Stands 
 
In order to determine the value of forest stands across the study area, the inventory was grouped 
into stands with similar timber attributes or timber units.  The stand attribute data included in 
forest cover inventory labels provided the attribute details used to define the timber units.   

Inputs 
1. Species composition, 
2. Site index, 
3. Stand height, 
4. Stand age, and 
5. Stocking. 

Process 
Forest cover labels are comprised of the above inputs, grouped into classes.  The class ranges 
are defined in Table 2. 
 

Table 2: Forest cover attributes class ranges  

Age Class Limits (Years) Height Class Limits (meters) Stock Class Limits (Stems per ha) 

1 1-20 1 0.0 - 10.4 1 ≥76 sph 27.5 cm DBH + 

2 21-40 2 10.5 - 19.4 2 < 76 sph 27.5 cm DBH + 

3 41-60 3 19.5 - 28.4 3 Pl leading, ≥ 311 sph and 

4 61-80 4 28.5 - 37.4  ≥ 50% of stems 7.5 cm + 

5 81-100 5 37.5 - 46.4  are ≥ 12.5 cm DBH 

6 101-120 6 46.5 - 55.4 4 Pl leading, < 311 sph or 

7 121-140 7 55.5 - 64.4  Pl leading, ≥ 311 sph and 

8 141-250 8 64.5 +  < 50% of stems 7.5 cm + 

9 250+    are ≥ 12.5 cm DBH 

 
The species composition component of the forest cover inventory label lists the species codes of 
the tree species present within the stand in descending order.  Major species those with greater 
than 20% of the total volume appear first, while minor species those with less than 20% of the 
total volume are delineated by brackets. 
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Outputs 
Each stand in the inventory is assigned an inventory label, defining its attributes.  For the 
purposes of assigning a value of the timber within the stands, all stands within the inventory with 
the same label are treated identically.   
 
 
 

PLSx (Bl) 831 - M 
 
 
 
 
 
 

5.1.2 Converting a forest stand to a tree list 
Define Stand

Attributes
Determine

Stand Value Assign Costs Net Stand
Profitibity

Stand / Tree
List Stand ValueProduct ValueLog / Product

Yield
Tree / Log

Yield
 

 
In order to convert a forest stand to a tree list, timber cruising data was used to determine the 
diameter and species distribution of trees within each stand type.  Stand tables were provided by 
Claymore Consulting for between 60 and 70 cutting permits within the study area.  Stand tables 
detail the number of stems per hectare by species, diameter class and risk group.  Risk groups 
defined the amount of decay present in each tree as identified by pathological indicators during 
the timber cruise field sampling.  The risk group criteria are described in Table 3.   

Table 3:  Risk group descriptions. 

Risk Group Description 
1 To be completed 
2 To be completed 
3 To be completed 
Dead Potential To be completed 

 

Inputs 
1. Forest cover inventory labels generated from cruise compilation data,  
2. Inventory labels generated from the forest cover resultant dataset for each polygon, and 
3. Number of stems per hectare by cutting permit / block, categorized by species, diameter 

class (1 cm classes) and risk group. 

Process 
For any stands with the same inventory label, the stand tables were averaged (using area 
weighting).  If a sample cruise did not exist for a certain inventory type label, a surrogate cruse 
sample was identified that most closely reflected the stand attributes. 

Major species Minor species Height Class

Age Class Site Index ClassStocking Class

Figure 5:  Inventory label example. 
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The percentage of risk group 3 and dead potential stems that should contribute to the overall 
merchantable timber was then identified as a percent of the total number of stems.  After applying 
this percentage, the number of stems per hectare by species and diameter class was combined 
for all risk groups, to produce the total number of stems per hectare by species and diameter 
class. 

Outputs 
Average number of trees by species and diameter class for each inventory type label identified in 
the forest cover for the study area.  
 

5.1.3 Tree / Log Yield 

Stand / Tree 
List Stand ValueProduct ValueLog / Product 

Yield
Tree / Log 

Yield

Define Stand 
Attributes

Determine 
Stand Value Assign Costs Net Stand 

Profitibity

 
 
Establishing a connection between the number of trees by species and diameter class in a given 
stand, and the number and dimensions of logs produced from that stand was accomplished by 
employing the results of a cut-to-length optimization program designed by Halco Software 
Systems Ltd.  The program, named CTLsim uses optimization algorithms to define what number, 
length and diameter of logs can be produced from a tree using the diameter, height and taper of 
the tree as inputs.   

Inputs 
1. Number of trees per hectare by species and diameter class (Stand Table), and 
2. Results of CTLsim optimization program. 

Process 
CTLsim results were provided for a small sample of cutting permits within the study area.  These 
files contained the species and diameter of the samples trees, as well as numbers of logs, and 
their dimensions (length, top diameter and taper).  The available data did not cover all possible 
species and diameter classes that would be encountered.  Also, for many of the more common 
diameter classes, multiple trees were sampled, providing a variety of log yield results.  A simple 
methodology was devised to fill in the information gaps and average the multiple samples using a 
number of separate regression analyses. 
 
First, the number of logs in trees of a certain species and diameter class had to be defined or 
averaged.  A simple linear regression was completed by species that related the diameter of the 
tree with the number of logs produced.  This analysis yielded the average number of logs for each 
species and diameter class. 
 
Second, the dimensions of each log within each tree had to be determined.  To do this, a 
regression analysis was completed for each species, diameter class and log number.  This 
analysis related the volume of log produced by tree diameter producing an average log volume 
for each log within each tree. 
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Once the average log volume was calculated, the dimensions of the log had to be determined.  In 
order to make best use of the optimization logic built into the CTLsim program, for those tree 
dimensions where CTLsim results were available, the log dimensions that most closely fit the 
average volume figure for each species/diameter/log number were used.  Where gaps in the log 
dimension data existed, asuitable log dimension had to be determined.  This determination was 
made by selecting all the possible log dimensions with a volume not greater that the average 
determined in the previous step.  Once a list of candidate logs was created, the maximum top 
diameter was determined by adding up the total length of logs produced from the tree below the 
log in question, then applying the taper factor to estimate what the top diameter of the log would 
be.  Any logs on the candidate list with a greater top diameter than the estimated were removed.  
The log with the largest diameter remaining on the list was then chosen, so as to maximize the 
value recovered from the tree. This process was repeated for each log within each tree. 

Outputs 
The result of the regression analyses, and log dimension estimation program was a Tree / Log 
yield table that defined how many logs could be produced by species diameter class, and what 
the dimensions of those logs would be. 
 

5.1.4 Product Recovery  

 
Once the number of logs and their dimensions for each species, diameter class has been 
determined, the next step is to define the products (lumber and chips) that are produced from the 
logs.   

Inputs 
1. Log dimensions – top diameter, length, species 
2. Lumber recovery factor 
3. Chip yield factor 

Process 
Defining the lumber products produced from a log of a given size was completed as a two step 
process.  First, the lumber recovery factor (LRF) was defined by log diameter class.  The LRF is 
measured in thousand board feet (Mbm) produced per cubic meter (m3).  LRFs are defined for 
each species and log top diameter.  The volume of the log is calculated using the length and top 
diameter dimensions.  Once the total amount of lumber that can be produced from a given log is 
determined, the next step is to define dimensions of the lumber produced.  As with the LRF, the 
lumber dimension figures are dependant on the species and top diameter of the log.   The 
amount of each lumber product produced is defined as a percentage of the volume for each 
product.  Ideally these percentages will be generated from actual product recovery data supplied 
by the sawmill.  When a log enters the mill it is scanned to determine the diameter (top and 
bottom), length, crook or sweep and any imperfections.  Through internal optimization software, 
the mill is able to generate the most value from each log by maximizing the lumber yield.   Ideally, 
these product figures would be used to define end user specific lumber yields.  However, for the 
pilot area, only generalized lumber product percentages were used. 
 

Stand / Tree 
List Stand ValueProduct ValueLog / Product 

Yield
Tree / Log 

Yield

Define Stand 
Attributes

Determine 
Stand Value Assign Costs Net Stand 

Profitibity
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The volume of chips produced from a given log is defined as bone dry units (BDU) per cubic 
meter of solid wood.  The total volume of the log is multiplied by the chip yield factor to produce 
the BDU / m3. 

Outputs 
The end result of this stage of the process is a matrix that defines how many board feet of 
lumber, by dimension can be produced from each potential dimension of log.  Values are stored 
as thousand board feet (Mbm) by product.  The chip yield is stored as BDU per log. 
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5.1.4.1 Reductions for stand damage 
Landscape scale disturbance agents, such as wildfire and mountain pine beetle can have a 
drastic effect on timber values.  In order to account for the reduction in timber values, a stand 
damage sub-model has been incorporated into the value model.  This stand damage sub-model, 
allows for reductions in timber values based on the anticipated ‘shelf life’ of the affected stands 
relative to the year of disturbance.  Reductions in product recovery, both lumber and chips are 
modeled as percentages of unaffected product yield, over time. 
 
Generally following a disturbance event, the percentage of sawlog production declines over time, 
while the chip production increases in the short-term to the point where the tree decay reduces 
the suitability of the tree fiber for pulp.  After that point, the chip recovery decreases, until the tree 
becomes completely non-merchantable. 

Inputs 
1. Average product yield by log described in Section 5.1.4. (Defines value of each log in 

lumber and chips). 
2. Product shelf-life matrix (an example is shown in Table 4). 

Table 4:  Example of product shelf-life matrix. 

No of Years After Year of Fire 1 4 5 7 9 

     

     Anticipated Products in X Years 
Sawlog Sawlog Pulpwood Pulpwood Pulpwood

Lumber Recovery Value Reduction - % of Norm 100% 65% 0% 0% 0% 

 Chip residuals from 
lumber production Whole-log Chipping 

Chip Recovery Value Reduction - % of Norm 100% 120% 90% 70% 50% 

Process 
LRF reduction percentages are entered for each year post disturbance until the tree yields no 
lumber.  Lumber recovery factors are multiplied by the LRF reduction values that correspond to 
number of years since the disturbance.  Disturbance events can be defined spatially, by 
overlaying the boundary of a disturbance on the resultant dataset (i.e. the boundary of a wildfire), 
or aspatially by defining a certain stand type that has be affected (i.e. mountain pine beetle 
epidemic).  The disturbance data would include the year of the event.  This year is then compared 
with the current year to determine the number of years since the event.   
 
Once the number of years since the disturbance event is known, the product recovery is adjusted 
as defined in the shelf-life matrix. 

Outputs 
The stand damage sub-model alters the outputs described in 5.1.4 to reflect the reduced yield of 
each stand, post disturbance event.
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5.1.5 Assigning values to products 
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Lumber is sold based on dimension, length, grade and sub grade.  For the developed operability 
logic, actual lumber selling prices are used to define the value of the products produced from a 
given stand.  Selling prices are compiled for whatever term is deemed to be applicable to the 
current market situation (for the pilot study, prices from January 2004, to December 2004 were 
used).  The grade, sub-grade, length, dimensions and month, and total volume (tracked in 
thousand board feet Mbm) are compared with the total revenue to determine average selling 
prices.  Table 5 lists the lumber product attributes that were used to define average selling prices. 
 

Table 5:  Lumber product attributes. 

Lumber Grades Sub Grades Lengths Dimensions 
Standard 2 and Better Dressed Random Lengths 2x10 
Utility No. 3 Machine Stress Rated Stud 2x12 
Stud Finger jointed  2x4 
Economy J-Grade  2x6 
Other None  2x8 

  

Inputs 
1. Total volume, measured in thousand board feet (Mbm) sold by grade, sub-grade, length 

and dimensions 
2. Total revenue generated by grade, sub-grade, length and dimensions 
3. Log / lumber yield matrix 

Process 
Selling prices were compiled, using a volume-weighted average for each grade, sub-grade, 
length, and dimension.  If revenue data from previous years is used, the values are adjusted for 
inflation to 2004 dollars.  The volume-weighted average selling price is then calculated for each 
lumber dimension.   

Outputs 
The result of this process is a table that lists the average selling price by dimension.  These 
average selling prices can then be applied to log / lumber product matrix defined in the previous 
process to create a projected revenue by species and log dimension.  
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5.1.6 Stand Value 
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Using the relationships described in the previous sections it is possible to determine the value of 
each stand in the inventory.  Every stand has an inventory label (section 5.1.1), which, through 
the timber cruise data (section 5.1.2) can be linked to a listing of trees by species and diameter 
class.  Each tree can then be divided up into logs using the results of CTLsim combined with 
regression analysis (section 5.1.3).  Using data supplied by the sawmill, the product yield of each 
log can then be estimated (section 5.1.4).  Finally, the revenue generated by the specific products 
(section 5.1.5) can be applied to the tree-log-product yield of each stand. 
 
The output of the value sub-model is a value number expressed in dollar per hectare for each 
timber type.  The $/ha by timber type is then applied to the forest inventory, by linking timber 
types that exist in the inventory to the timber types used in the value model.  Where a direct 
linkage between timber types was not possible, the value model type that most closely described 
the inventory attributes was applied.  The value figure ($/ha) is multiplied by the area of each 
forest cover polygon to determine its total value. 
 
The results of this pilot study project, used only a sample of the data available from timber 
cruising and harvesting records.  If this methodology is used to undertake an economic operability 
assessment of the entire TSA, the spectrum of timber types evaluated in the value sub-model 
would be much larger, and therefore a more direct linkage could be made to the forest inventory. 
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5.2 Assigning costs 
Other than for the cutting permit development process and requirements for special studies (such 
as contrasting recovered volumes to cruised volumes), few companies maintain detailed records 
regarding the recovery of volumes from cut blocks or the stands within them. . As a consequence, 
site-specific unit costs are usually based on cruise volumes.  
 
Similar to volume data, stumpage data is usually available only at the cutting permit level. 
Therefore, attaching average stumpage rates to multiple cut block cutting permits and then to the 
stands contained within them can be accomplished only by extrapolation using harvesting and 
stumpage billing dates.  
 
Using this proposed logic, the experienced revenues and costs noted above must be attached to 
all inventory polygons within the project study area. Also included, would be stumpage amount 
pertaining to that polygon which would be considered a cost variable. This data would be 
stratified by stand type and then used as a “data pool” to be applied to other similar unharvested 
types within the TSA in the same way that average volumes are employed for TSR purposes. 
 
Certain adjustments are required to “correct” the experienced cost and selling price data, which 
will form part of the stand data pool. When allocated to other similar unharvested stand types 
within the TSA, the following localized adjustments are made to the pool data: 
 

1. time adjustments – required to bring selling prices, stand costs and stumpage rates  to 
a common point in time and for inflation. This point of time can be quite arbitrary, but 
usually at the commencement date of a project where all required data series are known 

2. location adjustments – required to equalize haul distances and costs – usually to an 
average within an operating area or for the entire management unit. In more complex 
situations, a weighted average of experienced hauls to the closest suitable mill, may be 
necessary. 

3. harvesting system adjustments – almost all stands can occupy a wide variety of slopes 
and aspects – some of which require cable, helicopter, or selective harvesting systems. 
All stand costs for the Mackenzie TSA are equated to a clearcut conventional (ground) 
system. However, if an adequate number of stand types/geographic locations are 
harvested by alternate systems, it may be desirable to retain costs of the other systems 
for that type as a data sub-set. 

 
The calculation of an appropriate stumpage rate likely requires all three of the adjustments 
mentioned above, plus a common Base Rate and Mean Value Index. 
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Costs, from planning to manufacturing are assigned to each polygon in the inventory, using a 
process of reviewing previous costs and developing relationships between those costs and the 
polygon attributes in the inventory or physical location of the polygon.  Costs are divided into two 
categories; those linked to the inventory, and variable costs that are either static or defined 
geographically.  To come up with a total cost per stand, all of the separate costs are added 
together and multiplied by either the volume of the stand (if the cost is expressed as $/m3 or) or 
by the area of the stand (if the cost is expressed as $/ha).  
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5.2.1 Costs linked to inventory attributes 
Three main cost categories are linked to the attributes defined in the inventory.  Those costs are 
tree to truck, and silviculture and stumpage.   

5.2.1.1 Tree to Truck 

 
The category of tree to truck costs applies to all costs incurred to harvest a stand from planning to 
loading the logs onto a truck.  The costs that are considered tree to truck are: 

1. Development planning and layout 
2. Falling 
3. Skidding 
4. Limbing 
5. Bucking 
6. Piling 
7. Loading  

 
These costs were supplied in the form of total tree to truck cost for a given cutting permit.  Values 
were then compared with the inventory to identify a relationship between harvesting costs and 
timber type and slope class.  A volume weighted average tree to truck cost was then calculated 
and expressed as $/m3 for each timber type slope tract. 

5.2.1.2 Silviculture 

 
Silviculture costs encompass all of the costs incurred as a result of silvicultural obligations, which 
require licensees to return forest stands to free growing condition following logging.  These costs 
are comprised of; 

1. Silvicultural Planning 
2. Cone collection 
3. Site preparation 
4. Nursery stock production 
5. Seedling transportation 
6. Tree planting 
7. Plantation monitoring 
8. Tending 
9. Free to grow surveying 

 
Silvicultural costs were supplied by the client in the form of total cost to bring a cutting permit to 
free to grow status.  The costs were then compared with the inventory to identify a relationship 
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between harvesting costs and biogeoclimatic variant and tract.  An area weighted average tree to 
truck cost was calculated and expressed as $/ha for each biogeoclimatic variant and tract. 

5.2.1.3 Stumpage 

 
The provincial stumpage system is in transition between the current system of comparative value 
pricing (CVP) and the new system of market based pricing (MPS).  In the northern interior forest 
region, the CVP system is still in effect.  For the purposes of defining stumpage in this model, a 
CVP based method was used. 

5.2.2 Variable Costs 

 
Variable costs are those costs, which are not directly related to inventory attributes but are linked 
to the volume of a stand or its physical location in the land base.  These costs are grouped in to 
four broad categories; access, transportation, manufacturing and administration and overhead.  
Each of these cost categories are described below. 
 

5.2.2.1 Access 
The access cost category includes the costs of road building and maintenance.  Access costs 
were supplied, organized by road category in the form of $/m3.  Three road classes were used; 
main line, spur and addendum, each with separate cost values.  Spur and addendum roads were 
applied directly as a $/m3 figure to each forest cover polygon.  Main line roads were treated 
slightly differently. 
 
A main line road was defined as a road used to access an entire valley or woodshed.  These 
roads are built to a high standard and generally are permanent structures.  The cost of building a 
main line road is significantly higher than that of a spur or addendum road.  The pilot study area is 
for the most part well accessed by main line roads with only several valleys that have no 
development in them.  To achieve an accurate application of the costs of developing the 
remaining main line roads, any remaining main line road development was identified on a map.  
These proposed roads were then transferred to the spatial database, and the total length of main 
line roads remaining to be built, by tract was calculated.  At this time any major crossings were 
also identified and applied to the appropriate tract. 
 
The develop costs of the remaining main line roads and associated major water crossings were 
then applied against all remaining timber within each tract, resulting in $/m3 figure for which then 
could be multiplied by the volume of a given stand within that tract to determine the main line 
development costs associated with the stand.  This method was devised as an attempt to 
accurately apply the major road development costs against the tract that required the road 
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development.  Accurate application of main line road costs becomes critical when evaluating the 
overall profitability of a tract. 

5.2.2.2 Transportation 
Log transportation costs are applied as dollars per cubic meter per kilometer ($/m3/km).  The 
average distance from each tract to the mill gate was calculated by determining the physical 
centre of tract and following the existing or proposed road network to the mill.  The average 
distance to the mill by tract was the multiplied by the volume in each stand to determine the log 
transportation costs. 

5.2.2.3 Manufacturing 
 Manufacturing costs were supplied by the client for the pilot study.  Costs are applied as $/m3 
and vary by species. These costs reflect all aspects of the manufacturing process from the time 
when the logs reach the mill gate to loading of final products for shipments. 

5.2.2.4 Administration and overhead 
 
Administration and overhead costs are distributed evenly across all volume harvested and are 
applied as a straight $ / m3 figure.  These costs would include; 

• Office operations 
• Scaling 
• Cruising 
• Environmental protection 
• Archaeological surveys 
• Waste and residue surveys 
• Right-of-way easements 
• Foreshore and other land leases 
• Tree marking, beetle probing and pheromone baiting 
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5.3 Results 
Once the value of a stand, with a given set of attributes has been determined, and the costs 
associated with that stand are known, subtracting the cost from the value, determines the stand’s 
net profitability.   
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The output of the value sub-model, is a figure expressed in $ / ha.  The gross value of a stand is 
determined by multiplying the value per hectare by the area of the stand.  The output of the cost 
sub-model is expressed in $ / m3.  The cost associated with a stand is determined by multiplying 
its unit cost ($/m3) by the merchantable volume contained within the stand.  The merchantable 
volume is extracted from the timber cruising records that were complied by timber type in the 
value sub-model.  The results of these two calculations are a gross value and a cost expressed in 
dollars for each forested polygon in the inventory (net stand profit). 
 
Once the net profit of each stand in the inventory has been determined, the next step is to 
evaluate the profitability of large areas, or groups of polygons.  For this pilot study area, larger 
tracts or timber baskets were delineated for this purpose.  These tracts generally indicate an area 
(such as a watershed or valley) that is accessed by one main road.  Six tracts were identified 
within the pilot study area.  Table 6 provides a brief description of each tract. 

Table 6:  Tract descriptions. 

Tract Name Gross Area (ha) Forested Area (ha) 
ge1609                     40,122                  39,692  
ge1630                     11,675                  11,675  
ge1673                     26,555                  26,535  
ge1685                     22,645                  22,645  
ge1686                     12,018                  12,018  
Total 141,787                141,334  

  
 
Preliminary results from testing the model logic on the pilot study area yielded an average timber 
value per hectare of $87.24, and an average cost of $47.45 per m3.  In total, 61,593 ha were 
determined to be economically operable within the pilot study area.  A breakdown of profitability 
by tract is provided in Table 7.   

Table 7:  Profitability by tract. 

Tract Name  Average Value per ha Average Cost per m3 Net Tract Profitability 
ge1609  $93.11 $47.44  $45.67 
ge1630  $87.43 $43.35  $44.08 
ge1673  $85.63 $52.63  $33.00 
ge1685  $82.21 $49.05  $33.17 
ge1686  $91.38 $45.14  $46.24 
ge1709   $83.67 $47.09 $36.59

 
It should be noted that these profitability figures are provided as an example of the results of the 
logic described in this report.  These figures should not be taken as final, accurate profitability 
figures.  Further testing of the logic is ongoing.  Refinements and calibration / quality assurance 
are continuing.  
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5.4 Summary of Economic Operability Model Concept 
The logic described in this report, represents a new approach to quantifying economic operability, 
or ‘conversion return’ for the Mackenzie TSA.  This approach differs from most previous 
operability projects in that it attempts to use actual cost and value data to project a conversion 
returns across the TSA.   Also, instead of undertaking a “point in time” economic operability 
product that would be out of date before it could be used, the intent of the project was to produce 
a logic for economic operability that could be used to direct the development of a working 
economic operability model. Once developed, the model could then be used in advance of 
upcoming TSRs or other projects, which may require forest level economic information. Advanced 
use of the model and thorough review of the logic should ensure that the methodology is sound 
and users fully understand the results that are presented.  
 
Some of the highlights of this new approach to economic operability are: 
 

• Localized stand yield values generated from timber cruising results provide TSA specific 
estimates of the species and size distribution found within the Mackenzie TSA. 

• The full value of each tree is captured through the use of log yield optimization software, 
inclusion of sawdust, trim ends and chip revenue. 

• Actual sales figures are used (adjusted for inflation) to provide producer specific product 
values. 

• The economic impact of large disturbance events can be quickly evaluated through the 
inclusion of the stand damage module. 

• The logic described in this report translates into a very flexible model design that will 
allow for the inclusion of as much or as little data as is available. 

• Stumpage is included as a cost and can be adjusted for current market conditions and 
stand attributes. Also, stumpage can be excluded from the analysis depending on the 
intent of the application.   

• Through building relationships between the different data sources already available, the 
overall cost to conduct an economic operability assessment can be minimized. As well, if 
the process to acquire necessary information is rationalized, then the completion of an 
economic operability project should be relatively straightforward.   

  
 

5.5 Limitations and Future Refinements 
 
Due to the limited time frame for this project, and the delay’s in acquiring various data elements 
crucial to testing the economic operability logic and pilot area analysis, several limitations must be 
noted in this pilot study.  These limitations are listed below. 
 

1. Mill specific lumber recovery factors and chip recovery factors should be applied, 
rather than the estimates used in this pilot study. 

 
2. A much larger sample population of tree / log yield data from the CTLsim software 

should be utilized to minimize the extrapolation and estimation required to span the 
various tree sizes that occur within the management unit. 

 
3. A larger sample of timber cruise results are required. Ideally all cruises conducted on 

the TSA within the recent past would be used to establish a cruise population 
dataset.  If a large enough population of cruise data were available, the data could be 
stratified to provide more site specific yield information and cover the variation within 
specific timber type groups. 
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4. Once the cruise population is established, those stand types with no available cruise 
data, could be assigned a surrogate based on a review of similar stand types.  
Alternatively, for those stand types with no timber cruising data, provincial growth and 
yield models could be used to define the species and diameter distributions. 

 
5. Depending on the intended use of the economic operability results, inputs such as 

product selling prices and operating costs may be averaged for at least a five-year 
period to avoid the influence of short-term price fluctuations. 

 
6. Access to actual stumpage records, by cutting permit would provide a more accurate 

assessment of the potential stumpage rate of the candidate stands. 
 
While these limitations do influence the actual results of the pilot study, it is the logic behind 
assessing the economic operability of a given stand, based on the attributes of that stand, 
deriving the net stand value by relating back to previous cost and value data, that is true value of 
this approach.  Continued testing and refinement of the data, logic and process are planned. 
Reviewers are encouraged to review the approach and provide comments as well as concerns 
with the proposed methodology. Only through local review and comparison with known 
performance will the true test of this logic occur. 
 

5.6 Potential future uses 
 
The approach to defining the economically operable land base within the Mackenzie TSA 
described in this report will, when applied to the TSA will be able to address the Chief Forester’s 
direction “to assess economic operability data within the TSA”.  Prior to that, the intended 
extension of this project is to further refine the logic and develop it into a fully user driven 
“Economic Operability Analysis” tool.  This tool would allow the end users including various 
decision makers from industry and government the opportunity to explore a variety of economic 
operability scenarios and sensitivity type analysis based on  different market conditions, product 
yields, cost structures.  By establishing direct relationships between the various categories of 
timber products, and the standard inventory information, an application built on the logic as 
described in this report would allow the user to assess impacts on the economically operable land 
base due to: 
 

• Changes in commodity prices, 
• Cost increases such as fuel, manpower, and manufacturing, 
• Investments in technology that increase product recovery, 
• Changes in stumpage rates, 
• Inclusion of previously unutilized species, 
• New policies and laws, and 
• Extreme disturbance events. 

 
 
  


