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1.0 Introduction  
 
 
Slocan Forests Products Ltd. (Slocan) is implementing a sustainable forest management 
(SFM) framework that will assess progress in achieving sustainability objectives for 
ecological, social and economic values.  To date most of the activities implemented have 
been related to ecological and social values.   
 
The primary purpose for this project is to investigate a mechanism for incorporating 
economic information into the SFM framework.  It is the third step in Slocan division’s 
SFM program for this year, following the strategic ecosystem representation and 
management implications projects.   
 
A merchantability model which assigns relative stand values, based on standard digital 
forest cover data and the Interior Appraisal Manual was developed in the East Kootenays 
and applied in the Cranbrook and Invermere Timber Supply areas (see East Kootenay 
Timber Merchantability Analysis – June 2003 Update – Version 2.1. by Oliver Thomae, 
ArbourTech Forest Management Services). This merchantability model has recently been 
adapted for use in the Boundary TSA and TFL 23. The  Boundary/TFL 23 version of this 
merchantability model was adapted for use in the Arrow TSA for this project in order to 
generate economic information. 
 
Timberline Forest Inventory Consultants Ltd. (Timberline) has developed a proprietary 
model SYMBOL (Sustained Yield Model for Building Optimal Landscapes) that can be 
used to conduct an analysis that evaluates tradeoffs between timber merchantability and 
ecosystem representation in order to provide resource managers with an additional 
mechanism for evaluating alternative management scenarios that balance social, 
economic, and ecologic values. The SYMBOL model was used in this project. 
 
The geographical scope of the project includes the entire Arrow Timber Supply Area 
(TSA). The Arrow TSA is part of the Arrow Boundary Forest District which also 
includes the Boundary TSA, TFL’s 3, 8, and 23. The Arrow TSA is located in the West 
Kootenay area of B.C. and it extends north from the US border to the southern Boundary 
of Glacier National Park. Major geographical features of the TSA include the Selkirk 
Mountains, the Monashee Mountains, the Arrow Lakes-Columbia River system, the 
Slocan and Salmo River valleys.  
 
2.0 Project objectives 
 
The general project objectives are: 
• To apply resource valuation criteria to SFM planning; 
• To provide a tool to help planners establish sustainability targets for indicators, and 
• To develop a modeling tool that will integrate the economic mapping with the 

ecosystem representation mapping, thus providing managers with an additional 
mechanism for evaluating alternative management scenarios that balance social, 
economic, and ecological indicators. 

 3



 
More specific project objectives are as follows: 
 
• To generate economic information (relative stand values) for the entire Arrow TSA. 
• To integrate the economic information with existing ecological information 

(ecosystem representation). 
• To examine a methodology to optimize the balance between economic values and 

ecosystem representation as a learning objective to test management objectives and 
identify opportunities to improve them.  

• To produce timber supply forecasts showing long-term implications of alternative 
scenarios for ecosystem representation/OGMA allocation.  

 
3.0 Sustainable Forest Management (SFM) context 
 
The SFM Framework developed by Slocan Forest Products is based on the following 
definition of sustainable forest management: 
 
“Sustainable forest management is the balanced, concurrent sustainability of forestry-
related ecological, social, and economic values for a defined area over a defined time 
frame.” (Slocan Forest Products, 2004) 
 
The SFM framework is built on six core principles: 
 
• Linking strategic issues and operational realities 
• A rigorous, scientific basis 
• Continual improvement/adaptive management 
• Public involvement 
• Respecting First Nations rights 
• Corporate framework for flexible, local implementation 
 
In order to create and evaluate forest management options a set of criteria and indicators 
(C&I) were developed for SFM. The 1997 Canadian Council of Forest Ministers C&I 
provided the foundation for the creation of the C&I used in the SFM framework. 
 
The criteria and indicators have been developed for ecological, economic, and social 
values. A complete list of criteria and indicators is provided in “A Framework for 
Sustainable Forest Management” (Slocan Forest Products, 2004).  
 
The criteria and indicators assist in answering three critical questions related to 
implementing a SFM program: 
 
• Where are we going? 
• How do we get there? 
• How do we know when we are there? (Bunnell, 1997) 
 
The criteria and indicators most relevant to this project include: 
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Ecological values 
 
• C-1 Biological richness and its associated values are sustained within the 

Management Unit (MU) 
• 1-1 Ecologically distinct habitat types are represented in an unmanaged state in 

the MU to sustain lesser known species and ecological function 
 
Indicator 1-1 (Ecological representation) is a “coarse filter” approach to sustain 
biological diversity; it is not intended as a stand-alone strategy, but rather as a 
complement to indicators 1-2 (habitat elements) and 1-3 (species well distributed).  
 
Economic values 
 
• C-IV The flow of economic benefits from forests through the forest industry is 

sustained 
• 4-1 Timber harvesting continues to contribute to economic well being. 
• 4-5 A competitive, diversified forestry sector exists. 

 
 
The SFM framework also discusses various decision support tools that can be used to 
implement an SFM program. The decision support tools listed in the SFM framework 
document include: 
 
• Stakeholder analysis – stakeholder and public input 
• Priority indicator identification – based on potential conflicts 
• Indicator mapping – can show how and where specific targets will be met on the 

land-base  
• Forecasting – shows the expected future condition of an indicator 
• Scenario design – forest management scenarios to test impacts on indicators over time 
• Multi-criteria analysis – a decision support tool for complex problems, including 

tradeoffs between multiple objectives. It is a structured process for combining multi-
disciplinary expert evaluations and stakeholder input. 

• Trade-off analysis – tradeoffs among resource values to resolve conflicts 
• Natural disturbance strategy – incorporation of the concepts of natural disturbance 

and forest health into SFM 
 
This project is an application of the indicator mapping and trade-off analysis decision 
support tools. The mapping of indicator 1-1 (ecologically distinct habitat types) has been 
evolving over the last 1-2 years since the PEM (Predictive Ecosystem Mapping) was 
completed for the Arrow TSA. Conceptually there is a relatively clear link between this 
indicator and information that is mapable at the management unit scale. The economic 
indicators are intended to be measured as economic benefits from the forest flow through 
the economy and as such are not directly linked to a map. However, a trade-off analysis 
exercise is more workable if the values to be subject to trade off are in a common format. 
It was therefore decided to start with indicator 4-1 (Timber harvesting continues to 
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contribute to economic well-being) and link it to attributes that could be mapped. The 
merchantability model does this by assigning relative stand values to inventory polygons.  
  
The optimization approach used here provides a test application of a tool to implement 
trade-of analysis between two potentially conflicting values. This can contribute to 
building a successful SFM approach. 
 
4. 0 Approach, methodology, and rationale   
 
4.1 Phase 1 – Generation of economic data  
 
An existing merchantability model (a set of tables which are then programmed into GIS), 
which had recently been applied to the Boundary TSA and TFL 23 was localized to 
conditions in the Arrow TSA. The merchantability model is based on applying a 
simplified version of the product values and costs from the Interior Appraisal Manual to 
standard forest cover inventory data. This included developing and digitizing hauling 
cycle time maps, calculating the tables required for determining stand product values and 
operating costs so that they reflect species, stand, and site conditions in the Arrow TSA. 
In the Arrow TSA this meant that all stands were appraised to their least cost appraisal 
point. In some cases this wood flow may be different than what actually occurs. These 
values were then applied to the digital database for the management unit to generate 
merchantability classes for the land base. A quality assurance procedure was carried out 
on test data sets to ensure that the model was functioning correctly prior to final maps and 
reports being produced. For more detail on the merchantability model see the Arrow TSA 
Resource Valuation Project Phase I Merchantability Report. 
  
4.2 Phase 2 – Integration of economic data with ecological data and analysis 
 
An analysis was carried out that evaluates tradeoffs between the merchantability class 
data generated in Phase 1 and the previous work on ecological representation. This was 
be carried out using SYMBOL, an optimization model developed by Timberline Forest 
Inventory Consultants (Timberline), and CASH6, which is Timberline’s simulation 
model being used for TSR 3 for Arrow.  The objectives of this analysis are to: 

• Use SYMBOL to select optimized areas of THLB to be left ‘unmanaged’ for 
representation; 

• Use SYMBOL to provide an optimized 20 year harvest schedule (using 5 year 
periods); and 

• Use CASH6 to test compatibility and observe the rules to which the optimized 
harvest schedule does not adhere. 

 
For more details on the analysis see the report “Resource Evaluation on the Arrow TSA” 
by Timberline Forest Inventory Consultants Ltd.” 
 
The analysis was completed through the following three sub phases: 

1. Analysis design and setup; 
2. Optimization scenarios; and  
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3. Simulation scenarios. 
 
SYMBOL (Sustained Yield Model for Building Optimal Landscapes) is a model 
consisting of two modules: 
1-A simulator which calculates the objective costs associated with a specific harvest 
schedule; and 
2-An optimizer which systematically alters the harvest schedule with the objective of 
converging on a near-optimal solution. 
 
Strategic level timber supply modeling generally includes various land base 
requirements, which are defined in terms of desirable distributions of forest cover 
conditions within specified areas (zones) of the land base. In a traditional strategic 
modeling environment (TSR 3), the requirements are accounted for as “hard” constraints, 
which means they must be met. In the SYMBOL approach the desired distributions are 
defined as objectives, with relative weights or “costs” assigned to each objective. Each 
cost represents a penalty for deviating from the desired objective by a specified amount. 
A large number of alternative harvest schedules are then tested, in order to identify an 
optimal harvest schedule that meets the harvest target and minimizes the aggregate costs 
of deviating from these desired objectives over the time horizon of the forecast. 
 
Analysis design and setup 
 
The analysis design and set up includes getting the required coverages into the resultant 
file, formulating the analysis design, establishing cost functions, setting up the analysis 
and documenting the assumptions. 
The data used in TSR 3 represents the best available information and was used for his 
analysis. The harvest schedule from the TSR base case is used as a starting point for 
SYMBOL. Additional data inputs include a merchantability layer and distinct habitat 
types (site series groupings using the PEM). The analysis was developed using the 
following assumptions: 

• The most dominant distinct habitat type for each polygon is used to evaluate 
tradeoffs; 

• Land base requirements (i.e. VQOs) are enforced using prohibitively high cost 
functions; 

• Non-THLB area is not included in the optimization scenario, but land-base 
requirements were adjusted accordingly (see Timberline report for details); 

 
Some examples of cost functions include the following: 
 
A negative cost function will promote harvest, whereas a positive cost function will deter 
harvest. 
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Table # 1 Cost functions by merchantability category 
 
Merchantability category Cost 
High return stands -50 
Moderate return stands -40 
Economic stands -20 
Moderate deficit stands +20 
High deficit stands +40 
Severe deficit stands +50 
 
 
Marginally positive or marginally deficit stands were assumed to have a neutral (0) cost. 
 
Table #2 Cost functions for risk to ecological representation 
 
Ecosystem cluster Risk Cost 
WK xeric-submesic ESSFwc 0.26 +20 
WK submesic ICHxw 0.27 +20 
WK submesic IDF 0.30 +10 
WK subhygric ICDdw 0.36 +10 
WK xeric-subxeric ICHdw/xw 0.39 +10 
WK subhygric ICH/IDF 0.61 -10 
WK subxeric-submesic ESSFwc 0.67 -10 
WK subxeric-mesic ICH mix 0.68 -10 
 
The costs have been assigned based on the ecosystem cluster’s “risk to representation”. 
“Risk to representation” has been calculated for the West Kootenays by Steve Wilson of 
Ecologic Solutions using percent unmanaged and distribution variables. 
 
Modeling scenarios 
 

• Replication of TSR 3 (SYMBOL) –provide a benchmark for comparing other 
scenarios and shows the impact of the assumptions made when translating the 
Base Case for CASH6 to SYMBOL. 

• Timber merchantability and ecosystem representation tradeoff scenario – 
optimization scenario in SYMBOL 

• Running optimized harvest schedule though CASH6 – simulation scenario to test 
compatibility and to observe the rules to which the optimized harvest schedule 
does not adhere. 

• Optimized 20 year harvest schedule – an optimization scenario in SYMBOL to 
test short term optimization opportunities. 

• Arrow OGMA evaluation – this is another process that was added outside of the 
two models to provide an alternative to the model results. 

• Running operational harvest blocks through CASH6 – a simulation scenario to 
test the link between operational and strategic planning. 
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Rationale for above approaches 
 
The approaches described above were chosen for the following reasons: 
 
• The merchantability model provides a way to bring some elements of the economic 

C&I into a map environment to facilitate comparison with the ecological C&I. This 
particular approach to defining relative stand values was chosen since it utilizes 
readily available information and standard cost assumptions. 

• Indicator 1-1 (Ecologically distinct habitat types are represented…) was chosen as the 
basis for the comparison since it is readily mappable at the MU level and a significant 
amount of work has been done developing this indicator. 

• An optimization model was used since it facilitates tradeoff analysis when dealing 
with large amounts of resource information. 

• The CASH6 simulation model was used for the long-term harvest forecasts to test 
impacts in order to maintain consistency with the TSR III benchmark. 

• TSR III assumptions for THLB definition, management regimes, growth and yield, 
and harvest flow were used to create a benchmark for comparison.  

    
5.0 Description of information used in the analysis 
 
5.1 Economic layer 
 
As noted earlier the economic layer consists of relative stand values created through 
application of a merchantability model to forest cover inventory data. For a detailed 
description of the assumptions used to generate this layer see the Arrow TSA Resource 
Valuation Project Phase I Merchantability Report. The key features of the economic layer 
include: 
 
• The entire area of productive forest is assigned a merchantability class (relative stand 

value). 
• The merchantability classes range from “high return stands” (>$45.00) to “severe 

deficit stands” (<-$45.00). These values are defined as the selling price for lumber 
and chips less the operating costs required to produce these products. This value is the 
value of the crop to the landholder, which is the provincial Crown. Some portion of 
this value is captured by the Crown as stumpage. 

• Stands that are presently mature are evaluated according to the present characteristics. 
All immature stands are projected to culmination age to assess their economic 
potential. 

• Attributes used to assign values and costs to individual stands include leading species, 
site index stocking, age, slope, percent rock, BEC variant, terrain mapping, other 
ESA’s (regeneration difficulty), truck hauling distance, and water transport cost 
where applicable. 

• Stand values are first calculated for a range of site productivity using an  “average” 
species composition for the TSA (in terms of species and site index) and then value 
adjustments are made based on leading species, stocking, and age. 
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• Harvest systems are assigned based on agreed upon slope classes. 
• Road development costs are assigned using the tabular estimates from the Interior 

Appraisal Manual and local information about road density, percent rock, and amount 
of surfacing. 

• Tree to truck costs are calculated in accordance with the Interior Appraisal Manual. 
• Silviculture costs are assigned by BEC variant according to the Interior Appraisal 

Manual. 
• Operating costs are adjusted for stocking, stand age, and site index. 
• Additional operating costs are assigned for certain terrain and ESA types. 
• Truck hauling costs were assigned based on the Interior Appraisal Manual and a cycle 

time map developed as part of this project. The cycle time map was based on a 
sample of cutting permits as well as average road speed information provided by the 
Arrow Forest District. The Arrow TSA has seven timber processing appraisal points: 
Slocan, Castlegar, Thrums, Park Siding, Ymir, Lumby, and Grand Forks. The cycle 
time map allocated the land base between these seven appraisal points, and also 
between log dumps for water transport, on the basis of the current least cost appraisal 
approach. 

 
5.2 Ecosystem clusters  
 
The Biogeoclimatic Ecosystem Classification (BEC) system for British Columbia 
separates the province into 14 biogeoclimatic zones, which are further divided into sub-
zones and variants based on regional climatic differences and geographic location. At a 
finer scale of classification are site associations and site series. Site series are groups of 
climatically and edaphically similar ecosystems with characteristic climax plant 
communities. 
 
Because sub-zones and variants contain substantial variation in climate, soils, vegetation 
and ecosystem productivity, they are considered too broad a scale for ecosystem 
definition. Conversely, individual site series are considered too fine a scale, as there is 
little evidence to indicate that species are restricted to a single site series. (Wells, Haag, 
and Braumandl, 2004). As a response to the above issues similar site series were grouped 
together on the basis of vegetation species composition and prominence. (Wells, Haag, 
and Braumandl, 2004). These ecosystem groups were developed using the Predictive 
Ecosystem Mapping (PEM) produced for the Arrow TSA by JMJ Holdings of Nelson. 
The ecosystem groups were used as the basis for further analysis in this project. 
Threshold values for representation across the management unit were developed for each 
ecosystem group. 
  
5.3 Old Growth Management Areas (OGMA’s) 
 
The OGMA’s are from the TSR III data. They are current to 2003 and include the latest 
revisions provided by Slocan Forest Products for their chart area. The OGMA’s were 
used in the optimization analysis as a basis for comparison to the areas left unmanaged 
(not harvested) in the optimization analysis. This allowed the ecosystem representation 
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values and merchantability costs of area left unmanaged by the optimization model to be 
compared to those values in the existing OGMA’s.  
 
5.4 TSR III Information 
 
The TSR III information was used to define the timber harvesting land base (THLB) and 
to provide the basic definition for the simulation analysis scenarios. This includes 
specifications for growth and yield, resource management emphasis, silviculture, timber 
harvesting, harvesting rules, approaches for disturbing the inoperable, etc.  Details on this 
information are provided in the Data Package for the Arrow Timber Supply Area TSR III 
(Timberline Forest Inventory Consultants, February, 2004)  
 
5.5 Harvest blocks from licensees 
 
A 20 year forecast of harvest blocks was built by licensee operational staff using 
ArcView 3.2 software and the MSRM Higher Level Plan Order Reporting Suite. 
(Hamilton et al, 2004). The 20 year blocking plan was provided to Timberline and it was 
incorporated into CASH6 (simulation) timber supply forecasts for the first 20 years. This 
provided a benchmark for comparison to the “best left unmanaged” areas from the 
optimization (tradeoff analysis using SYMBOL). 
 
6.0 Results and Discussion 
  
6.1 Results from Phase I – Generation of economic data 
 
The economic data produced a distribution of relative stand values as shown in the 
following table: 
 
Table #3 Relative stand value area summary 
 
Merchantability 
category 

Area (ha) 

 THLB Non 
THLB 
Productive 

High return stands     2,341        933 
Moderate return 
stands 

    9,260     3,803 

Economic stands   22,584   11,004 
Marginal stands   44,945   23,832 
Deficit stands   32,749   26,742 
Moderate deficit 
stands 

  29,699   36,250 

High deficit stands   21,453   33,205 
Severe deficit 
stands 

  42,778 145,026 
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Merchantability 
class not assigned 

    4,466     2,197 

Total 210,275 282,992 
 
The above table indicates that 38% of the timber harvesting land-base (THLB) is 
classified as stands with a positive economic return. The proportion of stands classified as 
having a negative economic return is considerably higher in the Arrow TSA than in some 
adjacent management units (Boundary TSA and TFL 23) that have also had this approach 
applied.  This result has occurred for a number of reasons: 
 
• The use of the Vegetation Resource Inventory (VRI) site index. This was used 

(instead of SIBEC) since the model deals with existing stands. According to some 
recent work by Timberline the VRI underestimates actual SI by approximately 4 m. 
This can have significant effects when run through the merchantability model since it 
affects both stand values (directly) and operating costs through lower volume per 
hectare at culmination age and subsequently fewer cubic meters per hectare over 
which to amortize area based operating costs. 

 
• No allowance was made for existing access. On accessed cable ground this can add 

approximately $7.00 -$10.00 per cubic meter to costs.  
 
• The application of terrain based operating factors had a much higher impact in the 

Arrow TSA than in the other two units since there is a much larger area with these 
classifications. While efforts were made to avoid double counting due to overlap of 
inventory ESA’s and terrain survey information (in accordance with TSR procedures) 
the final effect was still very significant on operating costs. 

 
• The much higher proportion of leading pine stands in the Boundary TSA results in a 

significantly lower manufacturing cost. While, unlike the previous three points, this is 
not a modeling issue, it does affect the result. Conversely the higher proportion of 
leading hemlock stands in the Arrow TSA has a significant downward effect on total 
stand value recovery.  

 
For a detailed description of the assumptions used to generate this layer see the Arrow 
TSA Resource Valuation Project Phase I Merchantability Report. 
 
The main value of the merchantability results is, as the name indicates, relative stand 
values, in other words, stand values relative to other stands in the same management unit. 
While there may be some value in comparing the results in adjacent management units 
this should be done with caution since the merchantability results are quite sensitive to 
differences in input data between units. 
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6.2 Results from Phase 2 – Integration of economic data with ecological data and analysis 
 
The following is a brief summary and discussion of the modeling results. For more 
details (output graphs, tables, and more detailed discussion) see the Timberline report 
“Resource Evaluation on the Arrow TSA” which is included in the Appendix. 
 
6.2.1 Replication of TSR 3 
 
The replication of TSR3 provides a benchmark for comparing other scenarios and it 
shows the impact of the assumptions made when translating the Base Case from CASH6 
to SYMBOL. The TSR3 harvest base case harvest schedule is used as an input to 
SYMBOL for this scenario. In SYMBOL this harvest level must be met as long as the 
total supply of timber is not exhausted. This is in contrast to CASH6 (or other commonly 
used timber supply models) where the harvest level will not be achieved if it would 
require breaking land base requirements. The outputs of SYMBOL include a summary of 
costs by period and a summary of area by zone in contravention of land base 
requirements. The key results from this scenario include: 
 

• No disturbance requirements have been broken; 
• The cost of retention requirements decrease for several decades due to recruitment 

and then rise again; 
• Using only the TSR3 land-base requirements there is no opportunity to improve 

on the CASH6 harvest schedule. 
 
The high initial cost relating to contravention of retention requirements is due to some 
areas being in contravention at the start of the analysis. SYMBOL will assign a cost until 
the requirement is met. 
 
When testing alternative harvest schedules SYMBOL was unable to reduce the cost 
function after testing several thousand iterations. This is because CASH6 will not break a 
disturbance requirement and will recruit to fulfill a retention requirement as early as 
possible. Having only these two requirements modeled there is no opportunity for 
SYMBOL to reduce costs. 
 
The results of this scenario highlighted the difficulty of replicating the retention 
requirements in SYMBOL consistent with the TSR3 scenario. This was complicated by 
assumptions made in TSR3 relating to disturbing the inoperable.  
 
6.2.2 Timber Merchantability and Ecosystem Representation Tradeoff Scenario 
 
This scenario is based on the TSR scenario described above and includes additional cost 
functions for timber merchantability, risk to ecological representation and a cost for 
harvesting less than 150 m3/ha. 
 
The optimized harvest schedule has an 18% cost reduction after testing thousands of 
iterations. This reduction in costs results from reduced costs in attributable to an optimal 
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distribution of harvesting between  merchantability and ecosystem representation as well 
as improvements in costs related to the TSR3 forest cover requirements (visuals, caribou, 
ungulate winter range, watersheds, adjacency, mature seral, etc.) . Much of the gain 
appears to have resulted from the optimization of the cost functions associated with the 
TSR forest cover requirements. This is due to the very high cost functions assigned to 
these values. This was done in order to minimize the degree to which the model “broke” 
these rules, it did however have the unintended effect of providing an incentive to 
optimize these since the potential gains were so great (as compared to merchantability 
and ecosystem representation) where the gains were smaller.  
 
6.2.3 Running optimized harvest schedule through CASH6 
 
The first 20 years of the optimized harvest schedule has been run through TSR3 Base 
Case using CASH6 in order to test the compatibility and to observe which rules the 
optimized harvest schedule does not adhere to. The first 20 years of the optimized harvest 
forecast are queued for harvest in CASH6, however they will only be harvested if they 
adhere to every rule. This test showed that after 2 decades 87% of the first 20 years of the 
optimized harvest schedule had been harvested by CASH6 and after 3 decades 99% had 
been harvested. If the optimized harvest schedule broke no land-base rules it should have 
been possible for CASH6 to harvest 100% in the first 2 decades. Nonetheless, this result 
indicates that the cost reductions found by SYMBOL are generally not at the expense of 
land-base rules. Most of the optimized harvest schedule areas not harvested in the first 
two decades were due to potential violations of adjacency or minimum harvest age rules, 
with lesser amounts not harvested due to potential violations of disturbance or retention 
requirements. 
 
6.2.4 OGMA evaluations 
 
One of the project objectives was to observe the THLB area not harvested to consider for 
OGMA locations. A SYMBOL scenario was run that included the OGMA’s in the THLB 
(unlike the TSR3 base case where they were excluded from the THLB). It was expected 
that the areas most valuable in terms of ecosystem representation and least valuable from 
a merchantability perspective would be left un-harvested. The area not harvested in the 
SYMBOL run was analyzed and found to be very similar to the existing OGMA’s in 
terms of merchantability and ecosystem representation. For this reason another process 
was developed to assess the OGMA’s in terms of merchantability and ecosystem 
representation. A point system was developed to assess the merchantability and 
representation values of the existing OGMA’s as shown in the table below: 
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Table #4 Merchantability and ecosystem representation point system 
 
Merchantability points Ecosystem representation 

points  
Merchantability class Merchantability 

value 
% 
unmanaged 

Ecosystem 
value 

High return stands 3 0-10 1 
Moderate return stands 2 11-20 2 
Economic stands 1 21-30 3 
Marginal stands 0 31-40 4 
Deficit stands -1 41-50 5 
Moderate deficit stands -2 51-60 6 
High deficit stands -3 61-70 7 
Severe deficit stands -4 71-80 8 
  81-90 9 
  91-100 10 
 
An OGMA is considered acceptable if the total value (merchantability points + 
ecosystem representation points) are less than 5. This approach selects OGMA’s in areas 
that are in ecosystems that are not well represented and are in deficit stands from a 
merchantability perspective. Each OGMA is evaluated according to these criteria, those 
with a total value of less than 5 are retained, and equivalent areas of new OGMA 
locations are selected to replace those with a total value of 5 or greater based on relative 
mature age (the difference between the current age and the mature age) and the 
merchantability ecosystem value point system. 
 
Using this approach it was found that of the original 17,307 ha of OGMA’s in the THLB, 
9,599 ha or 55.4% were found to be acceptable. The OGMA’s considered unacceptable 
(17,307 – 9599 = 7708 ha) were re-allocated as shown below:  
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Table 5 Re-allocated OGMA’s 
 
Merchantability Ecosystem representation 

THLB area (ha) THLB area (ha) Merchantability 
class Before After 

% 
unmanaged Before After 

High return 
stands 

   165        0 0-10        0        0 

Moderate 
return stands 

   506        0 11-20        0      15 

Economic 
stands 

   842    315 21-30    176 3,126 

Marginal 
stands 

1,856    823 31-40        1        0 

Deficit stands 1,450 1,038 41-50    358 2,792 
Moderate 
deficit stands 

1,132 1,806 51-60 1,588 1,688 

High deficit 
stands 

   783 1,815 61-70    218      35 

Severe deficit 
stands 

   973 1,962 71-80    913    128 

   81-90 4,453        4 
   91-100    165        0 
   
 
The OGMA’s have now been relocated to areas that are at risk to representation or poor 
in terms of merchantability. 
 
6.2.5 Testing operational harvest blocks through CASH6 
 
In order to test the link between operational and strategic planning a TSR3 Base Case 
scenario using the 20 years of licensee identified harvest blocks for the first 20 years of 
the model run was carried out. It was possible to harvest 60% of the blocks in the first 20 
years, 84% of the identified blocks in the first 30 years, and 90% by 40 years. Blocks 
were withheld from harvest in any portion of a block breaks one of the rules. It is this 
rigid enforcement of the rules that prevented some of the operationally feasible blocks 
from being harvested. Conversely, the strategic level spatial modeling environment in 
CASH6 allows flexibility in that harvest blocks are not required to be operationally 
feasible which enabled the model to find alternative volume to harvest.   
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7.0 Conclusions and recommendations  
 
 
7.1 Phase I (Generation of economic information) conclusions 
 
The following is a summary of some of the key project objectives relating to Phase I: 
 

• To provide resource valuation criteria for SFM planning: 
• To provide a tool to help planners establish sustainability targets for indicators; 
• To generate economic information (relative stand values) to the entire Arrow 

TSA. 
 
The approach used in this project for generating relative stand values offers a number of 
advantages including use of readily available information, ease of presentation in a map 
format, and a logical and defensible approach. It provides a reasonable approach to 
generating economic information for use at the strategic level. The resulting relative 
stand values could be fine tuned to some degree by considering the first recommendation 
listed below. This approach does not necessarily provide stand values that relate closely 
to those experienced operationally. This is due primarily to the grouping of stands into 
cutting permits and the subsequent allocation of development costs when appraisals are 
done versus the model approach of assigning costs to individual stands.   
 
This method is an appropriate way to generate economic values (relative stand values) for 
forest stands for use at the strategic level of planning. The relative stand values could be 
used as resource valuation criteria for SFM planning.  
 
7.2 Recommendation related to Phase 1: 
 
The following recommendations include both immediate applications of these tools and 
results and suggestions for improving the tools themselves. 
 
 
• Examine the relative stand value maps and compare them to operational experience in 

order to provide ideas for improvement in the merchantability model. Some interest 
has been noted in linking this with particular stand attributes that relate to mill 
requirements and in a “road buffering” approach whereby access costs are reduced to 
stands that are accessible via existing roads. Careful review of site index information 
and operating cost assumptions related to terrain could also be useful in improving 
the estimates of relative stand values. 

 
• Examine the link between the economic layer and the economic indicators to see if it 

can be strengthened. This could focus on Indicator (4-1) (Timber harvesting continues 
to contribute to economic well being). It could potentially link timber supply model 
harvest forecasts to merchantability profiles over time and examine the results to 
identify trends related to sustainability targets for indicator 4-1.  
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• Use the economic layer as an input to future revisions to the operability line and 

problem forest type net-downs. As a first step the merchantability maps can be 
examined to identify areas where a more detailed review is warranted. 

 
• The economic layer could be used as one criteria to evaluate equity with respect to 

Bill 28 “take-back” proposals or changes to operating areas.  
 
• The economic results can be used as an input to impact evaluation in Landscape Unit 

Planning or any other process where decisions may be made that affect resource 
management approaches. 

 
7.3 Phase II  (Integration of economic data with ecological data and analysis) conclusions 
 
The following is a summary of some of the key project objectives relating to Phase II: 
 

• To develop a modeling tool that will integrate the economic mapping with the 
ecosystem representation mapping. 

• To examine a methodology to optimize the balance between economic values and 
ecosystem representation as a learning objective to test management objectives 
and identify opportunities to improve them. 

• To produce timber supply forecasts showing long-term implications of alternative 
scenarios for ecosystem representation/OGMA allocation. 

 
A number of conclusions can be drawn from examining this approach to integrating 
economic and ecological data including the following: 
 

• In a complex management unit like the Arrow TSA with many management 
constraints an optimization approach to harvest scheduling can result in 
significant “cost” advantages over a rule driven simulation approach. These 
advantages (the 18% improvement reported) result mostly from the opportunity 
for the model to make tradeoffs based on cost functions assigned to the various 
resource values. 

 
• It proved difficult to definitively separate cost gains attributable to one or two 

factors (ecological representation and merchantability) from other tradeoffs within 
the model. In the SYMBOL model cost functions were assigned to a number of 
items including forest cover requirements for caribou, visuals, watersheds, mature 
seral, connectivity corridors, minimum harvest age, and adjacency as well as for 
ecosystem representation risk and merchantability.  Thus, cost functions subject to 
optimization included disturbance requirements, retention requirements, minimum 
harvest age, as well as the merchantability and ecosystem values assigned to 
specific polygons. 

 
• While it proved difficult to separate the cost gains, the approach is sound since it 

is necessary to consider the merchantability and ecological representation 
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tradeoffs in the context of other resource decisions. It is one way to optimize the 
balance between economic values and ecosystem representation over time. This 
aspect of the methodology needs some additional work. 

 
• At the strategic level (the level considered in this project) the ability to treat forest 

cover requirements as targets to be optimized over the planning horizon instead of  
hard rules appears to be a more important factor than the selection of higher or 
lower value stands or stands with higher or lower ecological representation risk 
for harvest.  

 
• At the strategic level it appears that some of the existing OGMA’s can be 

reassigned to achieve a lower merchantability cost and higher ecosystem 
representation values. The existing OGMA’s were selected based on a 
combination of Landscape Unit Planning Guide (LUPG) procedures and some 
local interpretation of old growth attributes.  The LUPG procedures were partly 
considered in the re-allocation process but the local old growth attributes were 
not. 

 
• Running the optimized harvest schedule through the long term timber supply 

model (CASH6) indicated that most of the cost reductions found by SYMBOL 
were not achieved at the expense of existing land base rules. Most of the gain was 
attributable to an optimized allocation of costs between different resource values 
and over time within the normally allowed limits. 

 
• The link between strategic and operational planning was verified through the 

testing of the blocking layer in a CASH6 run. 
 
7.4 Recommendations related to Phase 2 (the tradeoff analysis):  
 
• Take a smaller unit (one Landscape Unit) and try multiple scenarios in order to 

develop some additional insight into the relationships between optimizing tradeoffs 
between polygon based attributes like merchantability and ecosystem values and 
other resource values like visuals, caribou, and ungulate winter range. This will allow 
much shorter processing times for the optimization model and therefore provide 
opportunities to test a variety of assumptions and it will also simplify the 
interpretation of the results. 

  
• Undertake additional sensitivity analysis with to test the effect of adjusting the 

relative costs for the resource forest cover requirements versus the merchantability 
and ecosystem representation polygon based values. 

 
• At the policy level consider that the land base requirements for resource values 

(visuals, watersheds, etc.) are likely to present more opportunities for optimization 
(either in terms of minimized cost functions or maximized timber harvest forecasts) 
than optimizing the geographical location of areas not harvested with respect to 
ecosystem representation or merchantability. The optimization opportunities include 
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both the optimized allocation of cost between different resource values and over time 
within the normally allowed limits (the limits used when applied as unbreakable 
rules), and the ability to periodically exceed the limits in order to enhance the 
achievement of overall objectives.  

 
• Evaluate the re-located OGMA’s with respect to the current criteria for locating 

OGMA’s. There may be opportunity for revisions that improve the value of the 
OGMA’s at a lower economic cost. 
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