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1.0  INTRODUCTION 

Tembec is in the process of developing a Sustainable Forest Management (SFM) planning 
framework for their operating area, and is committed to balanced, science-based resource 
management decision making.  The basis of the SFMP framework is to develop and implement a 
set of social, ecological, and economic criteria and indicators (C&I) for sustainable forest 
management (Tembec 2004). 
In support of this, Tembec contracted Timberline Forest Inventory Consultants Ltd. (Timberline) 
to prepare a strategy for evaluating economic outcomes of various SFM strategies during 
modelling. This involves assessing the effect of different market prices on the merchantability of 
stands in the current timber harvesting land base on all of Tembec’s operating area within the 
East Kootenays of BC. Using this timber merchantability information, an economic indicator 
variable is recommended that is readily quantifiable, meaningful, reproducible, and cost effective 
(See Section 2, Economic Indicator). 
 
In addition, there are two SFM initiatives that have been recommended: 
 

1. A SFM decision support tool used for (See Section 3, Decision Support Tool): 
a. To help select appropriate targets for specific measurables; 
b. To evaluate trade-offs amongst various SFM indicators; 
c. Assess the impact of management decisions in terms of SFM measurables and 

timber supply; 
d. Provide an annual SFM report; 
e. Determine the optimum solution for given management scenario. 

2. Creation of a new criteria that considers all of the SFM C&I when making resource 
management decisions (See Section 4 Sustainability Index) 

 
The decision support tool recommended will be presented in the form of a strategy for the 
integration of various spatial data, modelling, and analysis tools.  The strategy has been designed 
through literature reviews, discussions with appropriate researchers and developers, and 
consultation with Tembec staff. 
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2.0  ECONOMIC INDICATOR 

The foundation of a Sustainable Forest Management framework is the development and 
implementation of a set of social, ecological, and economic Criteria and Indicators (C&I).  
Each indicator of sustainability must also have a measurable value established in order to 
set a desirable target level or threshold for that value.  As part of the SFMP process, 
Tembec is seeking to understand the economic implications of various land base 
assumptions and management scenarios (Tembec, 2004).  
 
This section makes recommendations for evaluating economic outcomes of various SFM 
strategies during modelling. This involves assessing the effect of different market prices 
on the merchantability of stands in the current timber harvesting land base on all of 
Tembec’s operating area within the East Kootenays of B.C. The merchantability 
information can be then be referenced in the C & I to help quantify economic tradeoffs. 
 
This fits well with Tembec’s current  Criteria 5, Indicator 10, Measurable 2 which reads: 
 
Criteria 5: Sustained economic benefits are generated by the forest industry 
   Indicator 10: Delivered wood costs to the designated primary break down facilities are 
competitive with other interior BC sawmills. 
      Measurable 2: Profitability of timber harvesting operations.  
         Target: The avarage stand value is greater than average delivered log costs. 
 
The timber merchantability information can be used to provide more precision to the 
target. The replacement target might read: 
 
         Target: Less than a selected threshold (i.e. 20%) of the area harvested in a certain 
period (i.e.  annually) will have a ‘deficit’ timber merchantability class.  
 
The threshold of 20% and the time period of one year have been arbitrarily selected as 
starting points for discusion. To help determine if 20% is appropriate the timber 
merchantability classification of recently harvested stands should be reported at various 
market conditions. If 20% is unreasonable then the a more appropriate threshold should 
be selected. 
 
The timber merchantability layers have been developed for all Tembec’s operating areas using 
three different market cycles. The target will be sensitive to the market conditions, which is 
intended to reflect the economic reality. The target will be easily achieved in good markets and 
become increasingly difficult to achieve in poor markets.   

The ‘deficit’ merchantability classes include: deficit, moderate deficit, high deficit and severe 
deficit stands. 

The current condition of this target is available by overlaying the stands harvested in any given 
period over the appropriate merchantability layer.  
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3.0  RECOMMENDED DECISION SUPPORT TOOL 

This section proposes a decision support tool, which can be used: 
a. To help select appropriate targets for specific measurables; 
b. To evaluate trade-offs amongst various SFM indicators; 
c. Assess the impact of management decisions in terms of SFM measurables and 

timber supply; 
d. Provide an annual SFM report; 
e. Determine the optimum solution for given management scenario. 

A decision support tool is intended to be a cost effective practical analysis system that provides 
natural resource managers with the information necessary to assess and resolve resource 
management trade-offs.  This includes a reporting structure that should provide a user friendly 
and consistent report for the land base that resource managers can use to assess management 
decisions. 

In this new and iterative planning framework the target level chosen for each indicator is intended 
to satisfy that indicator, however may present a negative pressure on achieving the targets set for 
another value.  A process is therefore also necessary to test the interaction or effect on all values 
(as expressed by their target levels)  The SFM tradeoff evaluation process involves considering 
the associated results of choosing various target levels.   

Figure 1 provides an overview of the analysis process that would be used to provide support for a 
resource management decision and a similar process for creating an annual SFM report.  
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Figure 1 Decision support tool for assessing land management decisions in SFM  

Using this information standard simulation modelling is done to forecast future states and 
evaluate timber supply impacts.  

Standard simulation modelling takes a deterministic approach to using the current forest state 
and the chosen management regime to model future forest states.  This process is similar to the 
traditional timber supply review process except that it involves current and future state reporting 
of the SFM measurables.  The process envisioned involves accommodating continuously updated 
inventories and allows for the integration of new inventories. Simulation provides an opportunity 
for the manager to become familiar with the dynamics of forest management issues being 
modelled.  Given a certain set of inputs, it results in one feasible solution from a set of perhaps 
many possible solutions.  Within this decision making framework simulation modelling would be 
used on an annual basis to provide a current and future status report of all indicators modeled. 
Reporting would be in a formalized and standardized manner which would facilitate the 
interpretation of the impacts. 

The harvest schedule resulting from the simulation model provides a starting point for the 
optimization model. 
For Optimization modelling, cost functions are created for each of the SFM targets that 
are to be modelled. A cost function is a rule that is allowed to be broken at the prescribed 
cost. These functions quantify the costs of underachieving specific taregets. Using the 
series of cost functions, the model will identify the optimum, or near optimum, solution 
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to a management scenario.  Optimizing involves an efficient iterative process,  which 
tests alternative strategies, including harvest schedules, with the objective of minimizing 
the aggregate cost of underachieving each target. Resource values, or costs associated 
with management choices, are used to drive a solution which best meets the scenario 
teted or incurs the least cost to achieve the management scenario. 
 
Table 1 provides examples of how cost functions might be derived for a series of 
measurables under Criteria 1. 
 
Table 1 Creating SFM Criteria 1 Cost Functions for Optimization 

C
rit

er
ia

 
In

di
ca

to
r 

M
ea

su
ra

bl
e 

Ta
rg

et
 Target Discription Formulation of Cost function 

1 1 1 a Rare ecosystem clusters (<1000ha) 
reserved from harvest 

Identify clusters and have a 1 time cost of 1000 for 
harvesting and 100 for each unit harvested 
thereafter 

1 1 1 b Small and less represented uncommon 
ecosystem clusters (<2000 ha and with 
< 50% in NHLB) reserved from harvest 

Identify clusters and have a per hectare cost of 
100 hectare harvested 

1 1 1 c Uncommon ecosystem clusters 
(>2000ha and 8500ha): develop 
strategies to improve representation in 
NHLB (stand structure and reserves) 

The strategies should be developed using the 
results of the optimization scenario. For example a 
cost of 100 could be assigned to area harvested 
(converted to THLB) that crosses a desired 
threshold (i.e. 30% unmanaged). Ecosystem 
clusters that are still selected for harvest would be 
good candidates for stand structure management. 

1 1 1 d Ecosystem clusters with low and moderate representation: develop strategies to improve 
representation (stand structure and reserves) 

1 2 1  An average of > 10 snags/ha at each 
time period 

Using conceptual models for each ecosystem type 
(maybe further segregated by managed/natural 
and leading species) a cost could be assigned if 
over 50% of the land base has less than 10 
snags/ha 

1 2 3  No significant declines in CWD volumes 
through time 

Using conceptual models for each ecosystem type 
(maybe further segregated by managed/natural 
and leading species) a cost could be assigned if 
CWD volume drop below a certain threshold that 
would be considered a significant decline. 

1 2 6  The proportion of early and old seral 
stands to fall within the NROV 

Costs would be assigned for each hectare in 
contravention of the objective of having early seral 
within NROV and old seral within NROV 
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 Target Discription Formulation of Cost function 

1 2 6  Riparian ecosystem types with <2000 ha 
in EKCP will be reserved from harvest 

Identify riparian ecosystem types with < 2000 ha 
in EKCP  and have a 1 time cost of 1000 for 
harvesting and 100 for each unit harvested 
thereafter 

1 2 7  Area of old stands or complex structural 
classes to vary within the NROV through 
time 

Costs would be assigned for each hectare in 
contravention of the objective 

1 2 8  Area of young stands or early structural 
classes to vary within the NROV through 
time 

Costs would be assigned for each hectare in 
contravention of the objective 

1 2 9  Patch size distribution, initial target as 
per biodiversity guidebook 

different approaches depending on optimization 
model 

 
Cost functions would be created for each of the SFM measurables that can be modelled 
as well as any other land base requirements that may be applicable. An optimized harvest 
schedule can be found that finds the lowest cost solution considering all of the SFM 
values. Three key outcomes of an optimum solution are: 
 

1. What costs did the optimum solution incur (what rules are broken to maximize the 
overall value); 

2. The total cost of the optimum solution (This is the Sustainability Index, See 
Section 4); and 

3. What blocks does the optimum solution select for harvest; 
 

The first thing to consider when evaluating the optimization results is whether the cost 
functions are reasonable. If a specific target is continually broken in an unreasonable 
fashion then the associated cost function should be reconsidered. For example if a 
community watershed disturbance requirement is consistently underachieved then the 
cost associated with breaking this requirement might be increased.  
 
Once the cost functions are considered reasonable then the optimization results can be 
used to help in determining thresholds for each measurable. If the optimum solution 
continually underachieves a specific land base requirement, and the cost function is 
considered reasonable, then the threshold should be reconsidered. For example if a visual 
quality objective is continually broken in favour of conflicting objectives then the 
threshold for the visual quality objective should be reconsidered. There is a potentially 
onerous process of initially assigning and re-evaluated cost functions and their associated 
thresholds. 
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Finally the ‘Sustainability Index’ can be found, which is the cost associated with the 
optimum harvest schedule considering the multitude of land base objectives. The 
equivalent cost of a planned harvest schedule for a given year can be compared to the 
sustainability index to determine how close the harvest schedule is to the optimum 
harvest schedule for the scenarios being tested. 
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4.0  SUSTAINABILITY INDEX1 

The Sustainability Index is the cost associated with the optimum solution to a management 
scenario considering a multitude of perhaps contradictory sustainability goals. It is intended to 
provide the link between the ecological, economic and social values of SFM values (See figure 
2). Optimization modelling (See Section 3) is used to understand and balance these trade-offs and 

it is unique in the way it incorporates the full range of 
management desires and resource interactions. 

The concept of an optimum outcome provides a bench 
mark for measuring performance. However in the face of 
imperfect information and limited modelling capability 
such a concept remains somewhat subjective.  In order to 
make such a system measurable, we have chosen to use an 
index.  An index is a number expressing the status of a 
property or state in terms of a standard or goal.  In this case, 
the standard will be the optimum state defined by forest 
level modelling.  

The Sustainability Index is the cost associated with 
optimum solution. The equivalent cost associated with a 
planned harvest schedule can be determined by using the 
cost functions used for the optimization analysis. This cost 
can be evaluated against the Sustainability Index.  

Criteria, Indicators, and Measures associated with the Sustainability Index 

The SFM framework in place requires we establish a criteria for evaluation, at least one indicator 
for measurement, the measure itself, and an acceptable threshold.  These are presented below. 
Criteria : All SFM values are considered when making resource management decisions. 
   Indicator : Balance the various goals of SFM to achieve the best over-all result. 
      Measurable2: Sustainability Index 
         Target: On a periodic basis (i.e. annual) the progress to sustainability should be within a 
balance threshold (i.e. 20%) of the sustainability index. 

 

Conversly, this states that collectively the SFM targets are not being adequetly achieved if the 
planned harvest in a given period incurs ‘costs’ above or below the selected target. 

                                                      
1 The concept of a sustainability index was created in conjunction with David Brown and Kari Stuart-Smith 
in Tembec’s Cranbrook office Jan 27, 2005. David Brown referenced the analogy of the sustainability 
index being the seat of the stool that secures a balance between the three legs of ecological, economical and 
social values. 


