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Executive Summary 

OBJECTIVES 
The purpose of this project is to guide the expenditure of public and corporate silviculture funds to improve 
timber and habitat supply in TFL18.  To achieve this purpose, the following objectives were pursued:  

• Identify meaningful treatment options which are applicable to the forest ecosystems within TFL 18 
(stand-level analysis), 

• Test the treatment options at the forest level under different investment scenarios (forest-level 
analysis), and 

• Report on habitat supply for each of the scenarios investigated (habitat supply analysis). 

 

METHODS 
Stand-level analysis utilized yield tables generated from the Table Interpolation Program for Stand Yields 
(TIPSY) version 3.0 for the Timber Supply Analysis for MP#10.  In addition, new yield curves and log 
outturns were generated from TIPSY version 3.2 and by Ken Polsson of the MoF Research Branch from the 
Tree and Stand Simulator (TASS).  A net present value (NPV) approach was used for stand-level financial 
analysis.  

Forest-level analysis builds upon the recently completed timber supply analysis for TFL18 (Management 
Plan 10, October 2005).  The final Preferred scenario from the MP10 Analysis was modified based on new 
information to build the Type 2 Strategy Base Case. The most notable updates were incorporating the recent 
AAC of 290,000 m3/yr and updating the mountain pine beetle assumptions. 

Habitat supply analysis involved building habitat supply models for selected wildlife species and 
forecasting the dynamics of the key attributes of habitat indicators in response to simulated conditions for a 
variety of silviculture scenarios.  Selected species were moose (Alces alces), white-tailed deer (Odocoileus 
virginianus), mule deer (Odocoileus hemionus hemionus), black bear (Ursus americanus), and American 
marten (Martes pennanti). 

 

RESULTS 

Stand-level analysis 
Planting densities— Depending on the forest level strategy for the mid term harvest, it may be possible to 
reduce planting densities on some sites without significantly reducing future yields or changing species 
mixes to improve yields and/or values.  There may also be economic opportunities to modify logging 
practices (patch size, methods, season) to increase the amount of natural infill on site.  

Species mix—Changing species mixes can improve forest yield and value based on relative differences in 
productivity, growth characteristics and genetic worth.   

Genetic gain—The extra costs associated with the use of higher genetic worth material for spruce are 
financially viable given associated merchantable volume increases. 

Single (late rotation) fertilization—Due to the mixed species nature of the existing young stands and the 
predicted impacts of the MPB on pine stands, there are limited opportunities for fertilization in the short term 
for TFL 18.  There is an opportunity for a small amount of treatable area but this will result in a negligible 
effect on timber supply. 
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Multiple fertilization—After the MPB epidemic subsides, stands dominated by mixes of Pl/Fd/Sw on the 
appropriate sites will be eligible for treatment.  This could begin to occur in 10 to 20 years with eligible 
stands being treated every 5 to 10 years.  Based on current reforestation practices the amount of area for 
treatment could be quite substantial.  The economics of treatment could be substantially improved when a 
forest level cut effect is considered (as per the alternative strategy).   

Utilization limits—With shorter rotations, the harvest volume can be substantially increased by reducing the 
minimum diameter criteria from 17.5cm to 12.5cm for the non-pine component of managed stands, and from 
10cm to 5cm for pine.  

Utilization of deciduous—There are opportunities to utilize the deciduous components occurring naturally 
in many of the managed stand types in TFL 18.  Given current trends in deciduous solid wood utilization 
(especially birch) and non-solid wood (of aspen) and a revised stumpage system, the utilization of 
hardwoods should definitely be considered to increase future volume and value recoveries from stands in the 
ICH and SBS.   

Regeneration in MPB-affected stands—Natural regeneration has the potential to provide suitable stocking 
in a significant proportion of the older NRL stands (>60 years) where ingress is most significant.  
Alternatively, young NRL stands are not predicted to naturally stock well and could require additional 
management to rehabilitate. There are substantial volume gains that could be realized through prompt 
rehabilitation of young NRL stands.   

 

Forest-level analysis 
Fertilization—There are currently no significant opportunities to improve timber supply through late-
rotation fertilization of spruce and Douglas-fir. However, there are opportunities to currently initiate multiple 
fertilization treatments, and a program of 250 ha per year can be maintained throughout most of the medium 
term.  Multiple fertilization of spruce and fir leading stands has significant effects on stand-level volume 
growth, and these effects are sufficient to create an increase of approximately 3,000 m3/yr (1.5%) in the 
medium term harvest level. 

Mountain Pine Beetle Salvage and Losses 
This analysis expands upon the MP10 timber supply analysis by considering the role of small pine stands 
and 61-80 year old pine stands of the overall timber supply, and the risk and consequence of attack in young, 
managed pine stands (15-30 years old); 

• Role of 61-80 year old pine stands—Salvaging 61-80 year old pine stands has a minor (1%) 
positive effect on timber supply in the medium term, and no significant effect on the long term.  The 
positive impact indicates that younger pine stands may be worth considering in operational salvage 
scheduling  

• Young managed pine stands—70% mortality of the pine component in pine stands 15-30 years 
old could create an 8,000 m3/ha (4%) reduction in the medium term harvest level.  Stand 
rehabilitation may help recover about half of the medium term volume losses associated with severe 
attack in the young, managed pine stands. 

• Small pine stands—Removing the salvage priority on small pine stands has a 3% impact on the 
medium term, and predictably has no effect on the long-term harvest level.  Removing small pine 
from the timber harvesting land base puts an additional 1% impact on the medium term, but also 
reduces the long-term harvest level by approximately 3%. 
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Alternative Harvest Strategy: “Borrowing from the long term” 

“Borrowing from the long term” is a means of increasing timber supply in the medium term without 
compromising the sustainability of timber supply.  Essentially, it involves overharvesting during the medium 
term, followed by a period of underharvesting in the long term.  The ability to transfer volume from the long 
term to the medium term provides opportunities to immediately realize the volume gains associated with 
incremental silviculture, over and above the Allowable Cut Effect.  However, this strategy also requires 
increased confidence in the forecasted growth and yield of future managed stands.  Analysis suggests that the 
medium term harvest level could be increased by 14,000 m3/yr (7.6%) without substantially affecting overall 
timber supply sustainability. Opportunities to raise the medium term harvest level by borrowing from the 
long term will be facilitated by forest management practices that: 

• Increase the productivity of stands, even if this effect occurs in the long term. 

• Improve the merchantability of a subset of stands at ages below culmination. 

• Improve the understanding of the growth and yield of future managed stands. 

 

Habitat Supply Analysis 
The management treatments and resulting harvest level variation between scenarios did not substantially 
affect habitat supply. However, current habitat conditions, or those that were forecasted to exist under future 
disturbance scenarios, occur at lower values than would be expected in the region under the assumed 
conditions of natural disturbance.  No long term decline was detected in habitat indicators for moose, white-
tailed deer, and mule deer, but significant reductions in marten winter range and black bear summer/fall 
range were forecasted.  These habitat effects are most likely the result of historic or proposed forest 
development.   

Marten habitat is currently lower in quality and quantity than predicted to occur under assumed conditions of 
natural disturbance and the base case timber supply maintains a similar habitat trend into the foreseeable 
future.  Strategies that could improve habitat for marten in TFL 18 would include creating and/or retaining 
older seral, fir or spruce dominated forests in patches >20ha, positioned in or adjacent to riparian areas, 
especially where those patches occur in lower snowfall zones.  At the stand-level, piling coarse woody debris 
would provide an immediate marten habitat benefit.   

Black bear habitat was assessed as currently being comparable to that which would occur from assumed 
conditions of natural disturbance but habitat value was projected to decline significantly in the short- and 
mid-terms.  As a part of the future silviculture strategy, the proponent could realize bear habitat 
improvements by scheduling forest development in small patch sizes with sufficient adjacent thermal cover.  
Where possible, development should extend the early seral phases of mesic and hygric, rich sites; especially 
those that are expected to be berry producing and those that are in relatively cool, moist ecosystems.  At the 
stand-level, limiting the use of herbicide on some local sites would be beneficial for black bear along with 
implementing diversity in harvest block size, shape, and retention of advanced regeneration.   

Prior to confirming a focus for this silviculture strategy; the marten and black bear habitat models should be 
field verified. Further synthesis with the forest estate model could likely bring clarity and resolution to the 
proposed strategy. TFL 18 is a relatively small tree farm licence and as such the management of habitat 
should be considered in conjunction with adjacent management units. 
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PROPOSED TREATMENTS 

Treatment 
Opportunity Area 

(ha) 
Unit Cost 

($/ha) 

 

 

Total Cost 
($) 

Employment    
Factor   PD/ha 

Annual 

Average 
Treatment 
Years 1- 5 

Total 
Treatment/ 

Employment 
Years 1- 5 

Total 
Treatment/ 

Employment 
Years 6-10 

NRL rehabilitation         

Young Stands (15-60 years old) 
(includes surveys, site prep and 
planting)  

1500 1250 1,875,000 2.8 200 1000/2800 500/1400 

Mature Stands (>60 years old) 
(includes surveys, site prep and 
planting) 

1200 (assess)      
600 (treat) 

60 (assess)    
1500 (treat) 

72,000 
900,000 

0.5 (assess)          
3.0 (treat) 

240        
120  

1200/600     
600/1800  

600/300        
-  

Fertilization (aerial) 400 350 140,000 0.1 80 400/40 200/20 

Young Stand/Backlog Surveys 3845 40 153,800 0.3 769 3845/1154 - 

Backlog Brushing 370 450 166,500 1.5 74 370/555 - 

Spacing/Conversion in Bl IU 2000 800 1,600,000 2 400 2000/4000 - 

 

RECOMMENDATIONS  

Type 2 & 3 Silviculture Analyses typically include a final strategy scenario involving the integration of a 
series of prescriptions into a single timber supply run.  However, the uncertainties associated with the 
mountain pine beetle epidemic preclude a deterministic prescription of silviculture activities.  Many of the 
management activities contemplated in this study are in response to events that are imminent but which have 
not yet occurred.  In this context of uncertainty, it is much more useful to provide strategic recommendations 
for what to do in the event that predicted events occur.  A summary of the recommended projects is provided 
in the table below. 

Project Description / Estimated Cost 

Review of Basic Silviculture Review natural infill patterns and opportunities to reduce planting densities 
and species mixes without significantly reducing timber supply.  Review 
opportunities to modify logging practices to increase the amount of natural 
infill;  $30,000. 

Managed and young stand 
inventory and growth & 
yield monitoring 

Update the inventory of stands ~20 to 80 years old, including Balsam IU, 
using VRI protocol.  Establish G&Y monitoring system and sample plan; 
Implementation of the sample plan; approx. $300,000 over 5 years. 

Fertilization Screening 
Trials 

Fertilization trials of Fd and Sw of various age classes and sites to get local 
response data.  This information would be used to support decision making 
on future treatments in and around TFL 18;  $10,000 to 20,000 per year for 5 
years. 

Analyze the future role of 
fertilization with the 
alternative harvest strategy 

Widespread fertilization could be used to support the alternative harvest 
strategy.  Multiple treatment of Pl/Sw/Fd dominated managed stands (every 5 
to 10 years) after the MPB epidemic could support an allowable cut effect 
(ACE) and significantly improve the economic viability of significant 
fertilization;  $10,000 to 20,000. 
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Habitat supply verification Conduct field assessments focused on validating input data and results of 
habitat supply modeling predictions of habitat values for black bear and 
marten.  Run controlled simulations to identify most probable silvicultural 
methods that, if implemented, would limit forest development impacts on 
habitat values for these two species. Costs for this are unknown. 

Development of Spruce 
Leader Weevil (White Pine 
Weevil) Management 
Standards 

In developing FSP stocking standards, Canfor require management standards 
for Spruce Leader Weevil (White Pine Weevil). Currently, there is a trade-off 
of retaining deciduous cover (aspen / birch etc) to reduce potential attack 
levels, and at what point it is beneficial to remove cover that is affecting 
seedling growth and accept the weevil growth loss.  

In order to develop these standards, the following tasks are required:  

• initial mapping of weevil risk, 

• data collection of attack levels, 

• monitoring program, and 

• development of a standard work procedure for management. 

Costs for this are currently unknown. 
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1 Introduction 

TFL 18 has recently completed timber supply analysis for Management Plan 10 (October 2005).  The 
outcome of the analysis was a recommendation to increase in the allowable annual cut to allow for 
management of the imminent infestation of mountain pine beetle.  All forecasts indicate that there will 
be a timber supply shortfall in the medium term (20-90 years from the present).  Canfor wishes to build 
on the timber supply analysis and develop a strategy for reducing the impact of the beetle infestation on 
the medium term.  It is preferable to do this planning within the context of other management 
objectives.  This is an opportune time to conduct a strategic silviculture analysis for TFL18.   

1.1 Project Objectives 

Consistent with the Type II Silviculture Strategy Development Standards (BC MoF 2003), the broad 
objective of this project is:  

• To provide a fully rationalized plan to guide the expenditure of public and corporate 
silviculture funds to improve the value of timber supply in TFL18; 

 

To achieve this goal, the following specific objectives were pursued:  

• Identify meaningful treatment options which are applicable to the forest ecosystems within 
TFL 18, 

• Test the treatment options at the forest level under different investment scenarios, and 

• Report on habitat supply for each of the scenarios investigated. 

 

The following standards were used to guide the preparation of the project deliverables:  

• Type 2 Strategy Development Standards – 
http://www.for.gov.bc.ca/ftp/hfp/external/!publish/FIA%20Documents/standards/sdFS_type2_
analysis.pdf 

• Habitat modeling - http://www.for.gov.bc.ca/hfp/silstrat/habitat/habitat-docs.htm 

• Indicators - http://srmwww.gov.bc.ca/tib/fia/biohabmon.htm, 
http://srmwww.gov.bc.ca/tib/fia/aquatic.htm 
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1.2 Description of the Study Area 

1.2.1 Location 

TFL 18 is located west of the Thompson River near Clearwater, and is administered by Canadian 
Forest Products (Vavenby Division) and the Clearwater Forest District.  The TFL is a contiguous unit 
covering an area of 74,542 ha, of which 63,812 ha is currently available for harvesting. The current 
standing volume for TFL 18, based on the projected inventory to December 31, 2003, is 12,553,000 m3. 

TFL 18 is located entirely within the Clearwater Landscape Unit, which has a low biodiversity 
emphasis.  All areas of the TFL are classified as Schedule “B” lands.  The Clearwater Landscape Unit 
includes other forest licenses including BC Timber Sales, Woodlots, and Weyerhaeuser Canada. 

 

 

Figure 1: Location of TFL 18 

 

1.2.2 Definition of the Timber Harvesting Land Base 

The timber harvesting land base (THLB) is determined by the netdown process, in which stands 
ineligible for harvest are sequentially removed from the total land base.  Table 3 summarizes this 
procedure.   

The area of TFL 18 is 74,542 ha, of which 67,315 ha is productive forest.  The current THLB is 63,812 
ha.  Proposed and future road reductions are not deducted from the current THLB because the volume 
associated with these features will contribute to the first harvest.  These future reductions are applied 
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once the polygon has been harvested.  After all future reductions have been applied; the long-term 
THLB is 63,184 ha.   

Table 1: Timber harvesting land base determination.  

Net Reduction 
Land Classification 

 Total 
Area (ha)1 Area (ha) Volume ('000s m3) 

Total Area of TFL 18  74,542 13,514
Non-forest and Non-productive forest 5,834 5,834 6

Non-Commercial Brush 13 12 0
Existing Roads 1,402 1,381 132

Total NP reductions  7,227 138
Total Productive Forest  67,315 13,376

Protected Areas 282 268 73
Riparian Reserve Zones 1991 1879 520

Class V (unstable) terrain 39 36 4
Difficult regeneration 901 741 129

Permanent sample plots 50 46 6
Non-merchantable stands 175 37 1

Future wildlife tree retention 513 496 90
Total Reductions to Productive Forest  3,503 823
Current THLB  63,812 12,553
Future reductions    

Proposed roads  102 n/a2

Future roads  526 n/a2

Long-term THLB  63,184 12,553
1 Total Area of TFL 18 covered by a given land classification. 
2Volume for proposed/future roads is not removed from the THLB, since it will contribute to harvest. 
3the area of the land type, excluding all other netdown reductions.  This shows the true net effect of 
each reduction on the THLB.   
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1.2.3 Age Class Distribution 

This section describes the attributes of the THLB.  The age distributions by area and volume for the net 
productive land base and the current timber harvesting land base are given in Table 2, and shown 
graphically in Figure 2.  Ages are projected to January 1, 2004.   
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Figure 2: Age distribution by area  

 

Table 2: Age distribution of the THLB by area 

THLB Net Area THLB Net Volume 
Age Class ha % m3 % 

0 NSR 1,567 2% 0 0% 
1 1-20 years 15,464 24% 3,882 0% 
2 21-40 years 5,406 8% 52,625 0% 
3 41-60 years 2,968 5% 102,083 1% 
4 61-80 years 3,321 5% 473,225 4% 
5 81-100 years 4,074 6% 732,171 6% 
6 101-120 years 4,289 7% 1,266,069 10% 
7 121-140 years 5,932 9% 2,113,299 17% 
8 141-250 years 16,087 25% 5,835,816 46% 
9 >250 years 4,704 7% 1,973,198 16% 

 Total 63,812 100% 12,552,368 100% 
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1.2.4 Species Composition 

Species composition of the timber harvesting land base is shown in Figure 3. 

 

Figure 3: Species composition of the timber harvesting land base 

1.2.5 Biogeoclimatic Variants 

Biogeoclimatic variants of TFL 18 are shown in Figure 4. 

 

Figure 4: Biogeoclimatic variants (climates) of TFL18 
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1.2.6 Historical Silviculture Activity 

Currently, basic silviculture on TFL 18 consists of prompt reforestation by planting on most sites.  
Limited mechanical site preparation for treatment of root rots is required.  Reforestation efforts promote 
the establishment of mixed-species stands on most sites and a deciduous component is tolerated in 
regenerating stands.  Limited brushing has been required. 

Currently, intensive silviculture on TFL 18 has been limited to the use of genetically improved 
seedlings.  Re-classification and treatments of backlog have essentially eliminated any significant 
backlog NSR.  Limited spacing and pruning have been implemented while no operational fertilization 
has been completed.  However, some fertilization trials have been carried out in spaced and pruned 
stands.   

 

1.2.7 Wildlife 

We used a previous inventory of wildlife habitat (Saxena and Wheatly 2002) to estimate habitat 
conditions for selected species of interest including: moose (Alces alces), white-tailed deer (Odocoileus 
virginianus), mule deer (Odocoileus hemionus hemionus), black bear (Ursus americanus), and 
American marten (Martes pennanti).  With the exception of marten, winter habitats were generally 
considered less abundant than those used during summer.  Also, security habitats were generally more 
abundant than foraging, again marten being an exception.  Each species had at least one seasonal 
habitat type that extended spatially across more than half of the TFL (Figure 5 and Appendix A). 

This summary, and the display of species habitat values is however, not particularly pragmatic or 
helpful when contemplating silviculture strategies.  Even from a biological perspective, we found it 
difficult to understand the relative importance of managing a specific range type when the distribution 
of range types varied as much as they appeared to (Figure 5).  To support our goal for linkages between 
silviculture and forest management and habitat supply, we constructed a hypothetical but useful index 
to animal numbers based on the following assumptions:  

(1) for each species, one seasonal habitat would limit population response to silvicultural 
changes, and  

(2) the habitat ratings relationship to carrying capacity had a functional decline as ratings 
were reduced from the maximum.  The maximum habitat value apparently reflects the 
provincial benchmark habitat, which we interpreted to support the maximum density 
of the species observed in the province.  Therefore, the maximum densities (i.e., 
number/km2) we used were as follows: moose (12.0), each deer species (50.0), black 
bear (0.6), marten (2.0), fisher (0.015), and grizzly bear (0.05).  We expressed the 
functional relationship among the habitat rating and density as: 

 

( )( )500/*1/6 sityMaximumDenRatingDensity −= . 

 

This index was then rolled up across BEC subzones as a way to gain an assessment of the relative 
habitat contribution for each subzone (Figure 6). 
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Figure 5: Area (ha) of seasonal habitat (Summer forage [Sforage], Summer security [Ssecurity], 
Winter forage [Wforage], and Winter security [Wsecurity]) for selected wildlife in Tree Farm 

Licence 18 in southern British Columbia. 
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Figure 6: Relative density index modeled for selected wildlife species and stratified by 
Biogeoclimatic subzones within Tree Farm Licence 18 in southern British Columbia. 
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1.3 Issues to be addressed in this analysis 

1.3.1 Timber Supply and Quality 

Current silviculture strategy projects related to MPB mitigation are primarily intended to deal with 
intensive and backlog silviculture opportunities and reforestation of dead Pl stands that will not be 
salvaged.  However, there is also a need to consider and integrate strategies related to the other MPB-
related initiatives.  For example, the recently announced federal Mountain Pine Beetle Emergency 
Response program which focuses on fire risks, ecosystem restoration, inventories and research and 
development needs to be considered. In addition, there may also be a need to touch on basic silviculture 
strategies, forest fire protection and other strategic initiatives.  In order to leverage the funds associated 
with the development of these strategies an additional goal of this silviculture strategy process is to 
provide as much integrated direction to MPB mitigation strategies as possible. 

In order to maximize the benefits of silviculture to the landowner and tenure holder it is necessary to 
define what timber products the future harvest is expected to provide.  While this process of predicting 
the future is uncertain, we believe it is possible to use current trends and experiences from other forest 
industry jurisdictions (e.g. Europe) to develop general strategies that maximize flexibility and minimize 
risks.  By applying our knowledge of wood processing and our key contacts in the forest manufacturing 
business, we have developed some basic ideas regarding important attributes in the future forests for the 
BC interior. 

As the post-MPB harvest trends to a diet of smaller wood sizes, we believe industry will concentrate on 
developing more non-solid wood products such as LVL, OSB and bio-fuels (pellets).  As a result, logs 
will be valued more for basic qualities such as strength, density, stiffness, dimensional stability, 
uniformity and knot size rather than piece size.  We believe these properties are equally important for 
production of premium solid wood products as well as non-solid wood products.  Therefore silviculture 
practices that promote the maximization of the supply of high quality wood with the above properties 
will be important. 

1.3.1.1. Basic Silviculture Issues 

Today’s basic silviculture treatments provide the basis for tomorrow’s (10+ years) intensive silviculture 
treatments.  Basic silviculture can provide some of the most cost effective ways to invest in future 
forests and should be part of the overall silviculture strategy. Over the long term, good basic silviculture 
is one of the best methods to maximize future timber benefits.  Although basic silviculture is a 
licensee’s obligation and cost, we believe good basic silviculture does not have to lead to significantly 
higher costs. 

Key considerations for basic silviculture are ecologically suitable species mixes and appropriate 
initial densities which maximize long term productivity and wood quality while reducing future risks 
(from forest health agents).  In our opinion, for many ecosystems, this means promoting increased 
initial densities and/or more mixed species plantations. 

We believe the best way to achieve higher densities is to promote the use of natural regeneration.  
This can be done by thoughtful block design (increased edge effect, increased retention), appropriate 
logging practices (increased processing at the stump), selective use of drag scarification and possibly 
broadcast burning to enhance Pl regeneration.  Where appropriate, overall planting densities could be 
reduced on some sites by promoting the contribution of natural regeneration.  This would compensate 
for the costs of planting on other sites that don’t achieve significant natural in-fill. 

In addition to using higher initial densities to minimize the effects of future forest health losses, we 
believe increasing crop tree diversity is also very important.  This can be accomplished by 
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establishing more ecologically suitable mixed species stands where there are opportunities to use 
species such as Sx, Fd and Cw throughout different parts of the TFL.  Increasing the use of these 
species will provide future opportunities and may also increase future stand values. 

Increased use of genetically improved stock remains an important silvicultural activity to maximize 
future yields.  Based on currently available stock, this results in using more Sx and potentially more Fd 
in planting programs as well as establishing more mixed Sx-Pl and Fd-Pl stands where pure Pl may 
have been used in the past. 

1.3.1.2. Incremental Silviculture Issues 

Until the MPB epidemic passes, we do not recommend incremental treatments on immature Pl-leading 
stands. At this time, we believe the best incremental opportunities are for fertilization of Sx-leading 
stands between about 20 and 80 years old on poor to zonal sites (not including dry sites) in the ICH, 
SBS and the lower, warmer portions of the ESSF subzones.  To maximize the timber supply effects, 
suitable stands can be treated every 5 to 7 years to within about 5 years before harvest. Once the MPB 
epidemic passes, surviving, suitable Pl-leading stands could also be considered for fertilization. TIPSY 
growth and yield modeling and financial analysis are used in this project to model the expected stand-
level impacts of the various fertilization regimes. 

1.3.1.3. Non-Recoverable Loss Areas 

The base case for MP#10 does not predict large areas of non-recovered losses (NRLs: Pl-leading stands 
that are not salvaged). However, there is some uncertainty with the assumptions that led to this forecast.  
If there are significant NRL areas, it is uncertain if or how well these stands will regenerate naturally.  If 
natural regeneration is not successful, these NRL areas will significantly reduce the mid-term timber 
supply.  Therefore, understanding the potential impacts and developing response strategies may be 
important. The base case scenario (Section 3.2) includes updated MPB assumptions that recognize the 
changing MPB dynamics across TFL 18. 

1.3.1.4. Immature Pl - leading stands: 

There is concern throughout the BC interior that the MPB will have significant impacts on Pl-leading 
stands <60 years old.  These stands are very important to the post-MPB, mid-term timber supply and 
prompt reforestation of these stands will be important to long-term timber supply.  Therefore, 
understanding the predicted impacts of the MPB on these stands and developing response strategies is a 
very important strategic undertaking for TFL 18. 

As the MPB impacts on TFL 18 are still developing, it will be important to use information from other 
previously attacked management units to develop scenarios of what could happen in TFL 18.  Based on 
the scenarios defined, we develop and analyze a potential range of silvicultural and strategic responses. 

1.3.1.5. Economic Ranging: 

The Type 2 Base Case assumes that future markets for forest products will be similar to today.  This 
may not be true.  As a result, for each of the major scenarios reviewed (basic silviculture, fertilization 
and rehabilitation of NRL areas) stand level sensitivity analysis using different product values was 
done.  In addition, the Economic Ranging Scenario explores the effect of potential future developments 
relative to utilization limits and utilization of deciduous.   

1.3.2 Habitat Supply 

There were no previous habitat supply analyses completed for TFL 18, nor did the Silviculture 1 
Strategy (FES 2001) identify specific non-timber issues.  Furthermore, there were no specific targets for 



Canadian Forest Products Ltd.   TFL 18 Type 2 & 3 Silviculture Strategy Report 

Forest Ecosystem Solutions Ltd. 
227-998 Harbourside Drive, North Vancouver BC, Canada V7P 3T2.  tel 604-998-2222  

10

wildlife habitat in or adjacent to the TFL.  Without the guidance of a specific base case for wildlife or 
non-timber values, we considered the development of the base case to be a priority for this Silviculture 
Strategy.  We accomplished this by first establishing a disturbance regime that one might expect under 
unmanaged conditions (BC Ministry of Forests 1995a).  Second, we established the key non-timber 
resource values represented by ecological conditions of the TFL, and third, we formalized the 
relationships among the resource values and explicit silvicultural activities to make habitat supply 
forecasts a more pragmatic component of this silviculture strategy. 

Although global climate change may alter our interpretation of historical disturbance regimes, most 
forecasts of how this will happen remain speculative.  Our choice of algorithms upon which to 
characterize natural disturbance patterns, therefore, was the accepted Biodiversity Guide Book (BGB) 
patch size and return intervals for natural wildfires (BC Ministry of Forests 1995a).  Through multiple 
simulations, forecasted for a minimum of 400 years from current, the BGB algorithm provided a range 
of possible landscape situations upon which to estimate potential habitat conditions for non-timber 
resources and a base case for habitat supply. 

Minimizing non-timber resource values to a tractable number of indicators is arbitrary and subjective.  
In keeping with our primary intent to establish a reasonable starting point, we simply adhered to 
standard listings of: (1) coarse filter biodiversity indicators (% old forest, wildlife tree retention, riparian 
reserves), (2) key habitat elements of downed wood and standing dead wood, and (3) sensitive and/or 
regionally significant wildlife species.  We did not find any occurrences of endangered or threatened 
wildlife on the TFL so the wildlife habitat that we addressed was for a selection of regionally 
significant species: moose, white-tailed deer, mule deer, black bear, and American marten. 

Because habitat value has a strong spatial component (i.e., values at location x0y0 are affected by 
adjacent values at x1y1), it was necessary to consider both the effect of neighbouring values on the TFL 
and vice versa.  The TFL falls within the Wells Gray South recovery planning area for woodland 
caribou (Rangifer tarandus) so we also consider the effect that silviculture activities have on the 
potential predation pressures experienced by caribou. 
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1.3.3 Scenarios and Sensitivity Analyses 

This section describes the scenarios that are presented in this analysis report.   

1.3.3.1. TSR Benchmark Scenario 

This scenario re-creates the Canfor Preferred Scenario from Management Plan 10, in order to 
validate the new spatial data and growth and yield analysis units.  The forecast of growing stock is the 
primary indicator of similarity between the two scenarios. 

1.3.3.2. Type 2 Base Case  

The Type 2 Base Case reflects best available knowledge about current management activities and forest 
development in TFL 18.  This scenario builds on the TSR benchmark scenario by incorporating 
updated assumptions based on new information that has come to light since TSR.  The major attributes 
of the Type 2 base case that are updated include: Initial harvest level, assumptions for mountain 
pine beetle, natural disturbance, deciduous harvest, and minimum merchantability. 

1.3.3.3. Exploratory Scenarios 

The costs and benefits of various silviculture practices are assessed through the use of exploratory 
scenarios.  The following scenarios were developed to meet the intent of the FIA Type II Silviculture 
Strategy Standards while also addressing the issues that are unique to TFL18: 

Basic silviculture alternatives scenario—This scenario explores opportunities for variations in the 
current approaches to basic silviculture.  The main issues tested are the role of natural infill and its 
impact on planting densities (and impacts of genetic gain) and ecologically viable changes to species 
mixes used in reforestation.  One of the key aspects is to explore future crop risk and reliability relative 
to forest health agents.  This scenario primarily involves stand-level analysis. 

Extensive fertilization program scenario—Based on preliminary analysis of the silviculture 
treatment options in TFL 18, fertilization was identified as the best candidate for intensive investment.  
This scenario assesses the total potential of an extensive fertilization program.  Initially Fd and Sx 
leading stands between 20 and 80 years old on the appropriate sites will be considered for treatment 
every 5 to 7 years.  Subsequent to the decline of the current MPB infestation, assumptions about the 
survival of young Pl stands will be used to forecast fertilization treatments of the residual stands.  
Finally, based on the key results of changing the species mixes used for reforestation (as per the above 
scenario), fertilization opportunities of future Sx, Pl, Fd and Cw leading stands are explored.  

Rehabilitation of Pl non-recoverable loss (NRL) stands—the recent timber supply analysis for 
Management Plan 10 did not predict large NRL areas.  However, the base case for this Type 2 analysis 
used modified MPB assumptions that resulted in significant NRL areas in mature and immature Pl-
leading stands.  This scenario investigates the stand and site types that are affected and appropriate 
treatment opportunities and constraints. 

Economic Ranging Scenarios—The Type 2 Base Case assumes that future markets for forest 
products will be similar to today.  This scenario explores the effect on silviculture decisions of changes 
in market conditions (relative prices between piece sizes and utilization limits) over the short to 
medium term. 

Preferred Scenario—This scenario reflects the insight gained through the previous scenarios and 
sensitivity analyses.  Timber volume, timber value, and habitat supply are subjectively balanced and the 
relevant indicators are reported.   
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1.3.3.4. Deviations from the Type II Silviculture Strategy Standard Scenarios 

A “basic silviculture only” scenario was not completed because intensive silviculture activity is not 
currently practiced on a significant level in TFL 18, except for the use of genetically improved planting 
stock.  Notably, intensive silviculture is not modeled in the Type 2 Base Case, and therefore the Base 
Case is equivalent to the Basic Silviculture Only scenario.  A “Current x2 incremental silviculture 
program” was also not performed due to the relative absence of intensive silviculture on TFL18.   

The Standards prescribe a “Habitat Emphasis” scenario and a “Habitat/Timber tradeoff” scenario.  
These scenarios are desirable, and ultimately silviculture strategies will benefit from undertaking them.  
However, there is very little experience with linking habitat supply modeling with timber supply and 
stand level silviculture modeling, let alone with attempting to balancing the values in each of these 
realms which in theory would involve a significant amount of negotiation to implement.  The goals of 
this project in the area of habitat supply modeling are to expand the methods for habitat supply 
modeling in a forest management context and to provide a linkage between timber supply output and 
habitat supply (akin to walking before we run).  The habitat supply component therefore provides a 
context of habitat values for the silviculture strategy.  However, the process of feeding habitat supply 
results back into scenario development is uncertain and could not be included without jeopardizing the 
more basic objectives of this project.   

A preferred scenario is required to test out combined desired treatments and activities to establish the 
timber quality and quantity results for the management unit. Due to the resulting strategy components 
presented in this report – including the lack of intensive silviculture treatments, importance of future 
stand treatments and an opportunity to extend the mid-term timber supply, a final preferred scenario 
was not completed. Also, given that some additional investigations are required into the feasibility of 
the strategy establishing a final preferred scenario would not be appropriate. This issue will be 
discussed further throughout this report. 
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2 Methods 

The methods for this project are described in detail in the Type 2 & 3 Silviculture Strategy Information 
Package.  This section summarizes the information in the information package. 

2.1 Models 

The following modeling software will be used in the timber supply analysis for TFL 18: 

2.1.1 Stand-level Growth and Yield 

This project utilized stand-level data generated from the Table Interpolation Program for Stand Yields 
(TIPSY) version 3.0 for the Timber Supply Analysis for MP#10.  In addition, new yield curves and log 
outturns were generated from TIPSY version 3.2 and by Ken Polsson of the MoF Research Branch 
from the Tree and Stand Simulator (TASS).   

2.1.2 Stand-level Financial Analysis 

For stand-level analysis, the net present value (NPV) economic calculation will be used.  The NPV of a 
treatment regime is the sum of its discounted revenues minus the sum of its discounted costs.  By 
calculating NPV’s, treatment regimes with costs and revenues at different points in time can be 
compared.  The financial analysis for this project utilized TIPSY. 

2.1.3 Landscape Design Model - FSOS  

Forest level modeling was completed using FESL’s proprietary software, FSOS (Forest Simulation 
Optimization System).  FSOS is a landscape design model with full capability to perform both 
simulation and heuristic timber supply analysis.  The model and the analysis database were adapted 
directly from the model and database for the MP10 Timber Supply Analysis.  However, the analysis 
dataset was reduced in complexity to facilitate more efficient analysis.  

2.1.4 Habitat Supply Models 

We modeled habitat supply for the selected indicators as Bayesian Belief Networks (BBNs) using 
Netica (Norsys Software Corp., Vancouver, British Columbia).  BBNs are influence diagrams that use 
nodes and linkages among nodes to describe, in our application, how the state or condition of various 
environmental inputs determine resulting states for habitat indicators (e.g., moose winter range, 
standing dead wood, etc.).  In general, we used the BBN approach for habitat supply to: (1) derive 
transparency in the evaluation of habitat and (2) provide greater opportunity (i.e., than previous habitat 
supply modeling attempts [Wilson et al. 2003]) for habitat evaluations to respond to silviculture 
treatments.  Modeled forage values were based on key environmental correlates and modified by the 
extent to which we assumed animals were able to access the forage resource as a function of energetic 
expenditures and/or disturbance factors.  Seasonal range values for ungulates were also used to predict 
the prey base for the main predators of caribou herds adjacent to the TFL. 

The environmental inputs that we used came primarily from the BC Forest Inventory Planning attribute 
database1, the BC Terrain Resource Information Management program1, and the scenario results 

                                                      
1 See Ministry of Sustainable Resource Management web site at 
http://srmwww.gov.bc.ca/gis/Databases/  
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developed for the silviculture strategy.  The relationship among nodes was based on conditional 
probabilities that were established either by using empirical data or by professional judgment.  
Preliminary designs for the ungulate models was based on prior work (McNay et al. 2005) but adapted 
to the more refined input of soil moisture and soil nutrient regime available from Terrestrial Ecosystem 
Mapping.  Probabilistic expressions of forage type were summarized from edatopic grids (Steen and 
Coupe 1997, Lloyd et al. 1990).  We used ArcView (ESRI, Redlands, California) and Microsoft Access 
2000 (Microsoft Corp., Redmond, Washington) to construct and manage case files of environmental 
inputs taken from 100-meter cells within the TFL.  For several parameters (e.g., solar radiation), we 
needed to pre-process raw information into the state values expected by Netica.  Operation of Netica 
was automated using an Access programming module we refer to as Netica Manager.  Prior to running 
Netica Manager, the spatial data were combined into a resultant theme and exported to Access.  Netica 
Manager was then used to generate case files for BBN processing.  Using Netica Manager, case files 
were processed and the predicted range values imported back to Access.  We displayed winter range 
values on maps as the expected value from the resultant node in each BBN (i.e., the probability of a 
state multiplied by the state value, summed across all states).  The expected values ranged from 0 (low 
range value) to a maximum density for each species (high range value).  An Avenue script (ESRI, 
Redlands, California) was used to generate raster grids and ASCII files of the range results. 

In the case of natural disturbance, we simulated patch-size and return intervals for natural fire over 400 
years in 10-year time steps from current conditions (year 2000) using the Spatially Explicit Landscape 
Event Simulator (SELES; Fall and Fall 2001).  SELES is a modeling shell that can simulate vegetation 
or environmental conditions across a landscape over time, given initial conditions and disturbances to, 
or succession dynamics of, each condition.  In SELES, the user allocates defined disturbances to a 
geographic area based on rule sets applied to spatial cells.  As described earlier, the parameters we 
chose for natural disturbance were taken from the BGB patch size and return intervals based on 
historical occurrence of natural wildfires.  The BGB natural disturbance parameters were intended to be 
applied to relatively large landscapes since the probability of disturbance within small areas over short 
periods would be chaotic.  Natural disturbance was therefore modelled beyond the boundaries of 
TFL18 to avoid misrepresentation of the BGB disturbance patterns simply due to the spatial scale of the 
application.  We ran this scenario over a 400-year cycle to eliminate any footprint (start-up bias) from 
forest management.  We ran multiple simulations of natural disturbance and calculated a mean and 
range for the resulting habitat values at each time step.  We used variable density yield prediction 
(VDYP) growth curves (BCMOF 1999) to determine post-disturbance forest conditions where forest 
stands were always completely replaced (i.e., stand age set to zero) by disturbance.  We defined 
ecological successional stages solely by forest age classes (i.e., regenerating forest stands were identical 
in species mix and composition to original pre-disturbance conditions). 

2.2 Spatial Data Sources 

All spatial data used in this project are adapted from the MP10 timber supply analysis dataset.  The 
forest cover inventory was not updated beyond January 1, 2004 to facilitate benchmarking the modified 
database to the MP10 analysis results.  However, recent harvesting has been fixed into the harvest 
schedule.   

                                                                                                                                                              
1 See Ministry of Sustainable Resource Management web site at http://srmwww.gov.bc.ca/bmgs/trim/  
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3 Base Case 

 

3.1 TSR Benchmark Scenario 

The timber supply analysis demonstrated that riparian management zones have an insignificant role in 
timber supply.  However, the resultant polygons associated with riparian management zones are 
complex and more than double the size of the analysis dataset.  Riparian management zones were 
removed from the resultant database to substantially reduce the simulation times.  This scenario re-
creates the Canfor Preferred Scenario from Management Plan 10, in order to verify that the analysis 
dataset is equivalent to the dataset used for the MP10 analysis.   

The harvest levels of the MP10 Canfor Preferred Scenario were achieved using the new analysis 
dataset.  Growing stock associated with this harvest forecast (Figure 7) is almost identical to the MP10 
growing stock in the short and medium terms (0-75 years from now).   The Type 2 Benchmark run 
shows a slight surplus of growing stock developing in the long term.  This discrepancy may be partly 
associated with the removal of constraints for riparian management zones.  However, the difference is 
not large enough to warrant a change in the assumptions.  The Type 2 database can be considered 
equivalent to the TSR database for the purposes of the Type 2 and 3 analyses.   

0

2,000,000

4,000,000

6,000,000

8,000,000

10,000,000

12,000,000

14,000,000

0 50 100 150 200 250
Years from now

Fo
re

ca
st

ed
 G

ro
w

in
g 

St
oc

k 
(m

3 )

TSR Benchmark Scenario

MP10 Canfor Preferred Scenario (TSR)

Growing Stock

 

Figure 7: Growing stock forecasts using the Type 2 analysis dataset and the MP10 data set.  
Harvest levels for the MP10 Canfor Preferred Scenario are used in both runs. 

 

3.2 Type 2 Base Case Scenario 

The assumptions for the Type 2 & 3 Silviculture Strategy are based on the assumptions for the Canfor 
Preferred Scenario in the TFL 18 Management Plan #10 timber supply analysis.   However, some 
changes to the assumptions have been made to reflect new information and the special requirements of 
Type 2 and 3 silviculture analyses.  These changes are summarized in Table 3.   
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Table 3: Changed assumptions for the Type 2 Base Case 

Assumption Issues Summary of changes 

Disturbance in 
the NHLB 

The state of the non-
harvestable land base is 
relevant to habitat supply 

A fixed disturbance schedule equivalent to a 333-year 
rotation will be applied to the NHLB in all scenarios.  No 
such disturbance was applied in the MP10 TSR 

MPB in 
younger pine 

Younger pine stands are 
being attacked by MPB in 
many areas of the province.

Beetle attack assumptions will be applied to 31-60 year old 
stands with greater than 50% pine.   This population covers 
123 ha (0.2%) of TFL18. 

Minimum 
merchantability 
criteria 

Salvage of stands with 
volumes less than 125 
m3/ha is uneconomic 

The MP10 minimum harvest age methods allowed salvage 
of beetle-attacked stands where the volume had declined 
below 125 m3/ha. These stands are not eligible for harvest 
in this analysis to allow for investigation of the costs and 
benefits of NRL rehabilitation.   

Riparian 
management 
zones 

RMZs have an 
insignificant effect on 
timber supply 

RMZs were removed from the analysis dataset to expedite 
the analysis and therefore no constraints in these 
management zones were include.   

Deciduous 
volume 

Current stumpage rules 
create an artificial 
disincentive to harvest 
deciduous volume. 

50% of deciduous volume in harvested stands is counted 
towards harvest volume.  The other 50% is considered non-
merchantable. 100% of deciduous volume was considered 
merchantable in the MP10 timber supply analysis 

Initial Harvest 
Level 

The AAC determination 
for TFL18 was announced 
March 9, 2006 

The initial harvest level has been changed from 327,000 to 
290,000 to reflect the new AAC for TFL18.  In addition, 
the period over which the AAC is maintained has been 
reduced from 15 to 10 years, based on direction in the 
AAC determination.   

 

The forecasted harvest levels and the resulting growing stock of the Type 2 base case are compared to 
the TSR Benchmark Scenario in Figure 8 and Figure 9, and summarized in Table 4.  The modifications 
described above (except for the reduction in the initial harvest level) exhibit downward pressure on 
timber supply in the medium and/or the long terms.  However, these pressures are minimal, and result 
in only a 0.5% reduction in the long-term harvest level. Most of the reduction in the long-term harvest 
level results from the inclusion of natural disturbance assumptions into OGMAs, which effectively 
remove any opportunities for minor harvest in OGMAs that were allowed in TSR.  The large reduction 
in the stable long term growing stock results from disturbance in OGMAs, which reduces their 
contribution to total growing stock.   

The medium term harvest level is 1% greater in the Type 2 base case, but there is a 4% reduction in the 
total amount of volume harvested over the first 70 years of the planning horizon (the combined short 
and medium terms).  This means that there is a 4% net downward pressure on the short and medium 
terms.  Sensitivity analyses from the MP 10 timber supply analysis (not shown in this report), have 
indicated that the primary factors resulting in the reduced harvest volume are the change in deciduous 
merchantability assumptions and an increase in unsalvaged losses associated with the reduced short-
term harvest level.  Attack in 30-60 year old pine stands and stringent merchantability limits in beetle-
attacked stands were shown to have little effect on timber supply in the short and medium terms.   
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Table 4: Summary of differences between the TSR benchmark and the Type 2 Base Case. 

  

TSR 
Benchmark 

Scenario 
Type 2 Base 

Case Change % Change 

Long-term harvest level (m3/yr) 222,000 218,000 -4,000 -0.5% 
Medium-term harvest level (m3/yr) 176,000 184,000 8,000 1.0% 

Total short/medium term harvest (000's m3) 15,705 15,045 -660 -4.2% 
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Figure 8: Forecasted harvest levels of the Type 2 Base Case, compared with the TSR Benchmark 
scenario.   
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Figure 9: Growing Stock of the Type 2 Base Case, compared to the TSR Benchmark scenario 
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Figure 10: Species composition of harvest volume (Type 2 Base Case) 
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Figure 11: Stand volume at harvest (Type 2 Base Case) 

 

Age Structure Forecast 

The forecasted changes in age structure over the planning horizon of the Type 2 Base Case are shown 
in Figure 12.  The existing mature forest in the timber harvesting land base is essentially depleted by 50 
years, at which point most of the remaining old forest is in OGMAs and the non-harvestable land base 
(NHLB).  Disturbance in the NHLB and OGMAs is evident by the inclusion of small amounts of these 
areas in younger age classes at all points in the planning horizon.  A small amount of the THLB 
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remains unharvested and migrates into the old age classes due to extended rotations through visual 
quality constraints.  The long-term age class structure remains relatively stable from 100 year through 
the rest of the planning horizon.   
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Figure 12: Age class structure at years 0, 25, 50, 100, 150, 200, and 250 of the Type 2 Base Case  
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3.3 Habitat Supply Base Case Scenario 

3.3.1 Model Construction 

We applied six individual BBNs (one for each species) producing 15 spatial layers for TFL18 as 
follows (Appendix 2): 

1. Carrying capacity for black bears in spring and in summer/fall; 
2. Carrying capacity for ungulates (moose, elk, white-tailed deer, and mule deer) in summer and 

in winter; and 
3. Potential predation search rate adjustment in summer and in winter. 

 
The BBNs are intended to provide transparency in the evaluation of habitat values since the relationship 
among habitat input parameters was explicitly defined by the influence diagrams, which were an 
integral part of the habitat supply modeling (see individual models in Appendix 2).  As a component of 
the input nodes, we ensured responsiveness to silviculture strategies by focusing on specific variables 
that, depending on the model1, were used to support determination of habitat values. For example, 
winter habitat value for marten was, among other factors, influenced by patch size of older forests and 
habitat management in the form of piling coarse woody debris (Appendix 2, Table 5).  We refer to 
these inputs as management levers and stratified them broadly as (Table 5): (1) forest-level silviculture, 
(2) stand-level silviculture, (3) habitat management, and (4) wildlife management. 

Table 5.  A list of management levers used as input data nodes in a habitat supply analysis for 
TFL 18. 

Input Node Name Type of 
Management 
Lever 

Models (Species) Affected 

Basic Silviculture Stand-level Ungulate summer & winter, Bear summer/fall] 

Intensive Silviculture Stand-level Ungulate summer & winter, Bear summer/fall] 

Harvest Regime Stand-level Ungulate summer & winter, Bear summer/fall] 

Shade/Snow Interception Stand – or Forest-level Marten winter, Bear spring, Ungulate winter 

Density of roads Forest-level Predator search rates 

Distance to Cover Forest-level Ungulate winter 

Forest Age Effects Forest-level All models except Predator search rates 

Patch Size Forest-level Marten winter 

Habitat Management  Habitat Marten winter 

Hunting regulations Wildlife Ungulate summer & winter 

Relative Predator Abundance Wildlife Bear summer/fall 

Trapping Effort Wildlife Marten winter 

 

                                                      
1 Not all nodes were implemented depending on the habitat type or the silviculture strategy scenario 
assessed. 
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3.3.2 Comparison to Previous Inventories 

Comparisons of the BBNs to previously conducted Wildlife Habitat Interpretations (Saxeena and 
Wheatley 2002) revealed considerable agreement between the two approaches.  Although we did not 
quantitatively assess the fit, we considered the similarity in the amount and spatial distribution of 
habitat adequate for the strategic nature of the Type 3 Habitat Supply analysis (Figure 13).  We 
expected to see some differences in the estimate of range quality between the two approaches since the 
models were very different in both the analytical approach and input data used.  However, similarities 
among the results gave us comfort that the habitat was being evaluated consistently.  Generally, as in 
the case for mule deer depicted in Figure 13, there was considerable spatial overlap in the models but 
the classification of habitat condition varied.  One obvious example of the differences in input data and  

 

Figure 13.  A comparison of modeled summer range (top) and winter range (bottom) for mule 
deer in TFL 18 where the models used were based on Bayesian Belief Networks (A and C) and 

Wildlife Habitat Interpretations (B and D). 

(C)

(A) (B) 

(D) 
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modeling was revealed by the comparison of mule deer summer range modeled using the BBNs 
(Figure 13 (A)) and that modeled using the Wildlife Habitat Interpretations (Figure 13 (B)).  In that 
example, the BBN approach assumed that disturbance from humans living adjacent to the TFL would 
reduce the utility of forage value to mule deer (note area devoid of habitat value in Figure 13 (A)).  By 
comparison to other input variables, we considered this particular influence to be tenuous, and although 
there is likely an effect in reality it is probably less than the impact we modeled.  We did not assume 
this same disturbance effect during the winter season (Figure 13 (C and D)) and this effect was not 
modeled for bears or marten. 

3.3.3 Habitat Conditions 

Habitat on TFL 18 was characterized by the amount of range (ha) and animal index (# animals/1000 
km2) for selected wildlife species (Figure 14 (A)) and by the area (ha) of dead (standing and downed) 
wood (Figure 15), where these indicators of habitat were modeled under assumed conditions of natural 
disturbance as the base case for habitat supply.  With the exception of winter habitats for marten and 
moose, close to half of the TFL extent was modeled as having suitable habitat quality.  Based on model 
results, we expected the area of quality habitat to give rise to more ungulates, deer in particular, and 
relatively fewer bear and marten (Figure 14 (B)). 

 

Figure 14.  Amount of habitat (A) and the resulting animal index (B) modeled for selected 
indicators of habitat supply on TFL 18 under assumed conditions of natural disturbance. 

Most of the TFL was assessed as having potential to be of relatively moderate value (i.e., 81-150 
m3/ha) for downed dead wood and relatively low value (i.e., 0-20 stems/ha > 30 cm dbh) for standing 
dead wood, under assumed conditions of natural disturbance (Figure 15 (A)). 

When we compared the current conditions on the TFL to those expected under assumed conditions of 
natural disturbance, our modeled results revealed reductions in habitat value for most indicators except 
black bear (both spring and summer/fall), elk winter habitat, and mule deer winter habitat (Figure 16).  
By comparison, there was little difference in the relative distribution of downed dead wood modeled 
under the Type 2 Base Case and Natural Disturbance scenarios (Figure 15 (B)).  We predicted 
relatively more area of higher density standing dead wood under current conditions compared to those 
expected under assumed conditions of natural disturbance (Figure 15 (B)). 
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Figure 15.  The amount of current area of standing dead trees (#/ha >30 cm dbh) and of downed 
dead trees (m3/ha) expected on TFL under assumed conditions of natural disturbance (A) and 

the difference in that area when compared to current conditions (B). 
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Figure 16.  The difference in amount of current habitat for selected wildlife species versus the 
amount of habitat expected under assumed conditions of natural disturbance on TFL 18. 

 

3.3.4 Forecasts of Future Habitat Supply 

Generally, habitat supply modeled for the Type 2 Base Case timber supply was stable over the long 
term with varying short-term dynamics (Figure 17 and Figure 18).  The most significant short-term 
decreases in habitat occurred for ungulates in winter and black bears in the summer/fall.  We  
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Figure 17:  Modeled habitat supply (Type 2 Base Case represents the dashed line) compared to 
the maximum or minimum habitat supply expected from assumed natural disturbance (solid 

lines) for ungulates summer (left) and winter (right) ranges where ungulates modeled were: elk 
(A), mule deer (B), moose (C), and white-tailed deer (D). 

 

Summer Winter 
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Figure 18.  Modeled habitat supply (Type 2 Base Case is dashed line) compared to the maximum 
or minimum habitat supply expected from assumed natural disturbance (solid lines) for black 
bear (top) summer (left) and winter (right) ranges, American marten (middle) and a predator 

search rate adjustment index (bottom) in summer (left) and winter (right). 

 

considered declines in summer habitat for ungulates to be insignificant since there was equivalent 
dynamics in the supply of this range type throughout the forecast (i.e., we did not detect a consistent 
increase or decrease in the long-term trend).  Ungulate summer habitat value was sensitive to the 
amount of early seral forest (i.e., Forest Age Effects, Figure 19), which implied that summer range for 
ungulates will fluctuate according to the forest-level inputs associated with forest development.  The 
sensitivity of ungulate range to forest age was not unexpected since habitat relationships for ungulates 
was largely based on availability of forage which in turn was strongly effected by seral conditions.  
Furthermore, because the supply of timber in the Type 2 Base Case was regulated to reach a long-term 
sustainable yield, we expected the supply of ungulate summer range (i.e., early seral habitats) to closely 
track the pattern of forest development and therefore be sustainable in the long-term as well.  Although 
the model results showed a decrease in black bear summer/fall range and ungulate winter ranges in the 
short-term, the range supply stabilized over the medium- and long-term  (i.e., within five decades).  The 
indicators for standing dead trees showed a slight decrease in supply over the long run (Figure 20).  
While downed wood tended to be the more variable of the two dead wood indicators, the amount also 
tended to oscillate closer to the range expected under natural disturbance and there was no indication of 
a long-term, continued decrease in supply. 

In summary, the supply of most habitat indicators dropped in the short- or mid-term but apparently 
stabilized, which led us to the conclusion that habitat, was sustainable albeit at lower levels than would  

Summer Winter 
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Figure 19.  Relative reduction in variance in model predictions attributable to independent input nodes for a series of models that were used to 
forecast habitat supply on TFL 18.
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Figure 20: Modeled habitat supply (Type 2 Base Case is dashed line) compared to the maximum 
or minimum habitat supply expected from assumed natural disturbance (solid lines) for downed 
dead wood (A) and for standing dead wood (B) and area (ha) of forested land with standing dead 
wood classed by # of stems > 30cm dbh (C) and amount of downed dead wood classed by m3/ha 

(D). 

 

have occurred under current disturbance conditions or under those conditions expected from natural 
disturbance. 

Since the TFL extent was smaller than the area in which we modeled natural disturbance (about 1/10th 
the size), we regarded the range of results from natural disturbance as a regional target and not 
necessarily an explicit target to be met solely for the TFL.  For example, while the habitat supply in the 
base case was close to the regional target for mule deer habitat supply in winter, it was far below the 
regional target for summer habitat (Figure 17 (B)).  Most of the effect on habitat supply resulted from 
potential disturbance by humans living in adjacent towns (compare Figure 17 (B) where results are 
displayed as an animal index with Figure 21 where results are displayed as area of available forage) 
rather than disturbance due to forest development.  This result was common for all ungulates.  The fact 
that the habitat amount forecasted for ungulates was below the range of natural variation was partially 
due to the small size of the planning unit relative to the area for which natural disturbance was 
modeled..  Therefore, habitat supply for ungulates within the TFL should be viewed in context of more 
regional influences (Wilson et al. 2003) including the supply of range from locations outside the TFL.   

Marten habitat was not modeled to be influenced by disturbance from humans, and since it was so far 
below the regional target based on the range of natural variation, we concluded that forest development 
reduced winter habitat value for marten in the past and the Type 2 Base Case strategy was not expected 
to replenish those values.  Figure 22 demonstrates the effect by contrasting the amount and spatial 
distribution of marten habitat under assumed conditions of natural disturbance versus the current 
conditions.  The illustration demonstrates a specific case for future work on silviculture strategies; that 
is to set habitat objectives for enhancing habitat values and the supply of habitat for marten.  This 
initiative should involve field verification of modeling concepts followed by use of the model to 
develop and clarify specific silvicultural methods for habitat enhancement.  Our preliminary 
expectations based on probable sensitivity to input variables in the BBN for marten (Figure 19) is that 
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the strategy would include a focus on specific zones within the TFL, be largely dependent on patch 
size, forest age effects, and habitat management to improve abundance of downed dead wood. 

 

Figure 21.  Modeled supply (ha) of available forage (habitat)(Type 2 Base Case is dashed line) 
compared to the maximum or minimum supply expected from assumed natural disturbance 

(solid lines) for mule deer summer (left) and winter (right) ranges. 

 

 

 

Figure 22.  Spatial distribution and quality of modeled range for American marten in TFL 18 
under assumed conditions of natural disturbance (left) and current conditions (right). 
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Our index of adjustments for predator search rates was based on the relative effects of roads and/or 
access to other linear features that would support increased predation (i.e., provided predator 
populations can be supported by available prey).  The results (Figure 18) simply demonstrate the effect 
that the TFL roads increase predator effectiveness above what might be expected under conditions of 
natural disturbance. 

The most apparent reduction in supply of future habitat that we modeled was for black bear 
summer/fall range (Figure 23).  This provides another specific case for future work involving 
silviculture strategies.  In this case the objective would be to avoid the apparent short-term decrease in 
habitat value that was forecasted (Figure 18 and Figure 23).  We suspected that the fundamental reason 
for the decrease in summer/fall range for black bears was due to an increase in the amount of area 
exceeding 100m distance-to-cover.  Further analysis revealed this to be the case with a 50% increase in 
the amount of bear habitat that exceeded 100m distance to cover (i.e., 41,970 ha under current 
conditions and 62,949 ha 50 years from now).  As in the case for marten habitat, we expect this 
initiative should involve field verification of modeling concepts followed by use of the model to 
develop and clarify specific silvicultural methods for habitat enhancement that would curtail or limit the 
future reduction of values for black bear.   

 

Figure 23.  Spatial distribution and quality of modeled range for black bears in TFL 18 under 
current (left) and future (50 years from now) conditions (right). 
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4 Basic Silviculture 

4.1 Stand Level 

The three main issues reviewed were: 

• The impacts of natural ingress on planting densities, 

• The impacts of changing species mixes and, 

• The impacts of future increases in genetic gain 

 

4.1.1 Impacts of Natural Ingress on Planting Densities 

The timber supply analysis for MP 10 and the Type 2 Base Case used detailed, ecologically-based 
regeneration assumptions for future managed stands (Appendix 3).  These assumptions were based on 
Canfor’s current planting program (species composition, densities and genetic worth) and estimates for 
natural regeneration (species composition, densities) for the main BEC site series.  Natural ingress 
assumptions were based on detailed reviews of past regeneration and free growing surveys. 

 

Table 6 shows that on some of the largest BEC units (by area), significant natural ingress occurs.  Table 
7 shows that on most BEC units there is a good species mix to the natural infill.  Overall, the future 
regeneration assumptions have a high density of stocking and good mix of ecologically suitable 
species.  Unlike the previous timber supply analysis for TFL 18, and many recently completed analyses 
for other management units, the analysis for MP10 includes the estimated effects of the expected 
ingress. 

Table 6:  Summary of the planting and natural infill densities for the main BEC site series 
(MP10). 

Yield Group Site Series Area (ha) 
Planting density 
(sph) 

Infill density 
(sph) Total Density (sph)

e ICHmw3/01 2450 1200 2058 3258

f ICHmw3/06 700 1200 4160 5360

g ESSFwc2/01 11075 1500 2468 3968

g ESSFwc2/06 4420 1500 2244 3744

h ICHmk2/01 3350 1200 3267 4467

h ICHmk2/05 1230 1200 4028 5228

k SBSmm/01 10280 1400 2120 3520

k SBSmm/06 2650 1400 1276 2676
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Table 7: Breakdown of the species composition of the plantations and natural infill components 
for the main BEC site series (MP10). 

 Planting Natural Regeneration 

Site Series 
Density 
(sph) %Sw %Pl %Fd 

Density 
(sph) 

%Adv. 
Regen %Sw %Pl %Fd %Cw %Bl %Hw

ICHmw3/01 1200 30 20 50 2058 5 20  30 35  15

ICHmw3/06 1200 40 20 30 4160 5 30    40 5 25

ESSFwc2/01 1500 90 10   2468 5 30      70  

ESSFwc2/06 1500 100     2244 5 30      70  

ICHmk2/01 1200 40 20 40 3267 5 20 30 20 20 10  

ICHmk2/05 1200 50 10 40 4028 5 20 5 35 25 15  

SBSmm/01 1400 60 40   2120  30 65  5 10  

SBSmm/06 1400 60 40   1276  30 65  5 10  

 

Based on a review of the future managed stand regeneration assumptions, it was determined there were 
no opportunities to significantly improve timber supply by increasing planting densities.  On the other 
hand, there appeared to be opportunities to reduce some planting densities without significantly 
reducing timber supply. 

Key considerations when reducing planting densities are potentially increased regeneration delays, the 
reduced effect of genetic gain (which is tied to the planted stock), increased losses to forest health 
agents through reduced species diversification and increased irregularity in stocking distribution. 

To illustrate the impact of reducing planting densities in TFL 18, two prominent BEC units, which 
experience significant natural infill, were analyzed: 

• ESSFwc2, site series 01 and, 

• SBSmm, site series 01 

 

4.1.1.1. ESSFwc2 / Site series 01 

The key components of the analysis were: 

 

Approved Stocking Standards; 

Preferred Species= Sw, Bl 

Acceptable Species= Pl 

Target Stocking Standard= 1200sph 

Minimum Stocking Standards= 700sph (preferred and acceptable) and 600sph (preferred) 

Regeneration Delay= 4 years 
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Early Free to Grow= 12 years 

Late Free to Grow= 20 years. 

 

Summary of the species compositions and densities of the natural and planted components: 

 Planting Natural Regeneration 

Site Series 
Density 
(sph) %Sw %Pl %Fd 

Density 
(sph) 

%Adv. 
Regen %Sw %Pl %Fd %Cw %Bl %Hw

ESSFwc2/01 1500 90 10   2468 5 30      70  

 

Other Assumptions: 

Planted stock genetic gain = 12% for Sw and 3% for Pl (as per MP10) 

Regeneration delay for the natural infill is assumed to be 3 years. 

Adjusted Site Indices are:  Sw= 18.3m, Bl= 17.8m, Pl= 18.8m (as per MP10) 

 

Figure 24 shows that a reduction in planting density from 1500sph of Sw (T2 base case) to 1000 sph 
results in a reduction of between 4% (at age 70 years) and 1% (at age 100 years) in merchantable 
volume.  Figure 25 shows the reduction in planting costs of about $275 per hectare results in the lower 
density plantation being financially superior. 
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Figure 24:  Merchantable volume versus age for the Type 2 base case (T2 Base) for the FMSYT 
for the ESSFwc2/ss01 (planting of 1500 sph of Sw with infill) versus the FMSYT with the 
planting density reduced to 1000sph of Sw (Plt1000). 
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Figure 25:  NPV versus age for the Type 2 base case for the FMSYT for the ESSFwc2/ss01 versus 
the FMSYT with the planting density reduced to 1000sph of Sw (Plt1000) with base lumber 
prices (all volume at SPF prices) and base planting costs. 

 

4.1.1.2. SBSmm / Site series 01 

The key components of the analysis were: 

 

Approved Stocking Standards; 

Preferred Species= Sw, Pl 

Acceptable Species= Bl, Fd 

Target Stocking Standard= 1200sph 

Minimum Stocking Standards= 700sph (preferred and acceptable) and 600sph (preferred) 

Regeneration Delay= 7 years 

Early Free to Grow= 12 years 

Late Free to Grow= 15 years. 
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Summary of the species compositions and densities of the natural and planted components: 

 Planting Natural Regeneration 

Site Series 
Density 
(sph) %Sw %Pl %Fd 

Density 
(sph) 

%Adv. 
Regen %Sw %Pl %Fd %Cw %Bl %Hw

SBSmm/01 1400 60 40   2120  30 65  5 10  

 

Other Assumptions: 

Planted stock genetic gain = 12% for Sw and 3% for Pl (as per MP10) 

Regeneration delay for the natural infill is assumed to be 5 years. 

Adjusted Site Indices are:  Sw= 21.8m, Bl= 20.7m, Pl= 22m (as per MP10) 

 

Figure 26 shows that a reduction in planting density from 1400sph (T2 base case) to 1000 sph results in 
a reduction of between 2% (at age 70 years) and 0% (at age 100 years) in merchantable volume.  Figure 
27 shows the reduction in planting costs of about $275 per hectare results in the lower density 
plantation being financially superior. 

 

0

100

200

300

400

500

600

0 50 100 150
Age (years)

M
er

ch
 V

ol
 (m

3/
ha

)

T2 Base
Plt1000

 

Figure 26:  Merchantable volume versus age for the Type 2 base case for the FMSYT for the 
SBSmm/ss01 (planting of 1400 sph of Sw60% and Pl40% with infill) versus the FMSYT with the 
planting density reduced to 1000sph of Sw60% and Pl40% (Plt1000). 
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Figure 27:  NPV versus age for the Type 2 base case for the FMSYT for the ESSFwc2/ss01 versus 
the FMSYT with the planting density reduced to 1000sph of Sw (Plt1000) with base lumber 
prices and base planting costs. 

From these two examples it appears there may be opportunities to reduce planting densities on some 
ecosystems without having a significant negative impact on timber supply.  These opportunities are 
based on the significant natural infill experienced in many BEC units in TFL 18.  Where warranted, 
reductions in planting densities offer significant saving in reforestation costs without sacrificing future 
financial values.  However, it should be noted, that prior to implementation of changes to planting 
densities, more thorough analysis of the forest level impacts should be done and consideration given to 
the risks and costs of additional brushing and fill planting. 

 

4.1.2 Impacts of Changing Species Mixes 

Reforestation species mixes should be chosen based on ecological suitability and an understanding of 
the forest health risks.  Manipulating species mixes also impacts future stand values based on 
assumptions about relative values between the different kinds of wood produced. 

As an example of the impacts of changing reforestation species, based on concerns that the current 
MPB epidemic could be repeated in the future, it may be desirable to reduce the amount of pine planted 
in TFL 18.  This could be done on the ESSFdc2, site series 01, 06 and 07 by substituting some Sw for 
Pl.  Currently, these units are being reforested with almost pure pine.  On these sites Sw is a co-
preferred species. 

Figure 28 and Figure 29 show that for harvest ages above 60 to 70 years, switching reforestation 
species to Sw could lead to a significant increase in yields.  Obviously the results for a mixed stand of 
Sw and Pl would be somewhere in the middle.  As there are no differences in the assumed product 
values and costs for establishing each species in this analysis, the financial results would mimic the 
growth and yield results. 

This is an example of the potential for ecologically based species manipulation in TFL 18.  There may 
or may not be other opportunities that should be explored together with a review of other basic 



Canadian Forest Products Ltd.   TFL 18 Type 2 & 3 Silviculture Strategy Report 

Forest Ecosystem Solutions Ltd. 
227-998 Harbourside Drive, North Vancouver BC, Canada V7P 3T2.  tel 604-998-2222  

37

reforestation strategies.  Again, as previously noted, prior to implementation of significant changes to 
basic reforestation strategies thorough stand and forest level analysis should be completed. 
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Figure 28:  Merchantable volume versus age for a plantation of pure Sw versus pure Pl 
established at 1500sph for the ESSFdc2/ss01 with no genetics applied. 
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Figure 29:  Merchantable volume versus age for a plantation of pure Sw versus pure Pl 
established at 1500sph for the ESSFdc2/ss01 with genetics applied (12% for Sw and 3% for Pl). 
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4.1.3 Impacts of Future Increases in Genetic Gain 

Assumptions about genetic gain for future stands used for the timber supply analysis for MP10 were 
based on seed currently available to Canfor.  For Sw the available genetic gain is 12% and for Pl is 3%.  
Based on current estimates increased genetic worth seed of 16% to 30% is expected to be available for 
purchase in the next few years. 

Figure 30 shows the increased merchantable volume available with the use of higher genetic worth 
seed for Sw.  Figure 31 shows that the extra costs associated with the use of higher genetic worth 
material are financially viable. 

This brief analysis shows the timber supply and financial benefits of developing and pursuing higher 
genetic worth seed.  Canfor supports this approach and is actively looking to increase the use of higher 
genetic gain material for reforestation in TFL 18. 
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Figure 30:  Comparison of merchantable volume versus age of 1600sph of planted Sx with 
genetic worth of 16% (Sx Low) and genetic worth of 30% (Sx high). 
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Figure 31:  Comparison of NPV versus age of 1600sph of planted Sx with genetic worth of 16% 
(Sx Low) and genetic worth of 30% (Sx high) assuming the high genetic worth seed is +$0.04/tree 
more expensive. 
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5 Fertilization Scenario 

Most forest soils in BC are nutrient deficient (primarily relative to Nitrogen) to some degree.  
Therefore, as long as there are no other significant factors limiting growth, fertilization of N deficient 
soils will lead to a growth response. 

Fertilizing appropriate stands and sites can improve yields at the same harvest age or provide the same 
volume to be harvested at a younger age. 

Due to the impact of the MPB there is pressure on the short to mid term timber supply in TFL 18, 
similar to many other management units in the northern interior.  In the short-term, fertilization has the 
potential to increase growth on some existing Sx and Fd leading stands.  In the longer term multiple 
treatments of Sx, Fd and Pl leading, managed stands have the potential to significantly improve the 
timber supply in TFL 18. 

 

5.1 Stand Level 

5.1.1 Basics of Fertilization Response 

Interior fertilization response information comes from the MoFR, Research Branch (Rob Brockley).  
Responses for interior Sw, Fd and Pl species have been incorporated into TIPSY.  The fertilization 
response is described based on the % increase in growth for 10 years following treatment as compared 
to the un-treated growth.  For example: 

Total volume gain (%) = 100 x fertilized growth gain/untreated growth, 

Where fertilized growth gain = fertilized growth - unfertilized growth. 

Response percentage is based on total volume (of all trees including stumps and tops) and varies by 
species, site quality and age.  For the main Sw sites in TFL 18 (SI 15 to 25m), TIPSY responses vary 
from 8 to 30%.  For the main Fd sites in TFL 18 (SI 15 to 25m), TIPSY responses vary from 17 to 
37%.  Response percentage based on merchantable volume can be reduced in some stands, as a portion 
of the increased growth is un-merchantable.  As merchantable volume is used in timber supply analysis 
and most forest level analysis, fertilization response will be based on merchantable volume for this 
analysis. 

To deal with the inefficiency of operational aerial treatment versus the research trials used to determine 
the fertilization responses, TIPSY Help recommends that responses be reduced by 20%.  This factor 
was applied to all fertilization scenarios for this project.  In addition, TIPSY Help recommends that 
responses be reduced by a further 25% for young stands and under stocked mature stands, which have 
low crown closures (<30%).  This factor was applied in all scenarios for stands ≤30 years, which were 
fertilized. 

As an example, Figure 32 shows the impact of fertilization at age 60 on an existing Sx stand with a site 
index of 18m.  This treatment increases growth from 60 to 70 years by 11m3 (from 99m3 to 110m3) or a 
response of 11.1%.  Ten years after the fertilization treatment, the growth rate of the un-treated and the 
fertilized stands are approximately the same for the remainder of the rotation. 

Multiple treatments of the same stand are possible as long as treatments are ≥ 10 years apart.  TIPSY 
assumes the response to each treatment is independent of any past treatments.  Figure 33 illustrates the 
impact of an extensive fertilization program on the same stand/site as described in Figure 32.  Again the 
growth 10 years after each treatment tracks the growth rate of the un-treated stand.  It should be noted 
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that there are limited research results regarding growth response from multiple fertilization for species 
in BC.  Therefore, the predicted responses must be considered preliminary estimates. 
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Figure 32:  Merchantable volume versus age for an existing stand of Sw established naturally at 
1600 sph with SI 18; with no treatment (NT) and fertilized at 60 years (Fert 60) 
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Figure 33:  Merchantable volume versus age for an existing stand of Sw established naturally at 
1600 sph with SI 18; with no treatment (NT) and fertilized at 20, 40, 60 and 80 years (Fert 20-80) 

 



Canadian Forest Products Ltd.   TFL 18 Type 2 & 3 Silviculture Strategy Report 

Forest Ecosystem Solutions Ltd. 
227-998 Harbourside Drive, North Vancouver BC, Canada V7P 3T2.  tel 604-998-2222  

42

5.1.2 Stand/Site Selection Criteria for Fertilization 

Based on the MOFR recommended responses to fertilization and some limited growth and yield and 
financial analysis, the MOFR has developed stand selection criteria for fertilization of Sw and Fd in the 
BC interior.  Stand criteria are based on age (15 to 80 years), live crown % and height to diameter 
ratios.  Site criteria are based on site index (15 to 24 m).  Other criteria are based on logistics and 
economics (location, access, size of treatment area) (MOFR, 2005).  See Appendix 1 for the full list of 
fertilization criteria. 

The current MOFR stand selection criteria are based on site index coinciding with TIPSY calibration 
and since the majority of the BC interior does not have a spatial ecological inventory.  TFL 18 has 
Terrestrial Ecosystem Mapping (TEM), which allows site selection criteria to be refined.  Based on a 
review of the main site series in TFL 18 and discussions with ecologists, the MOFR site selection 
criteria were replaced with site series criteria.  Table 8 shows the key stand and site selection criteria 
used for this analysis. Also listed are the current opportunity areas by age class for the high and 
medium priorities for treatment.  These areas were generated by a GIS query using the forest and TEM 
inventories. 

Table 8:  Key stand and site selection criteria and current opportunity areas for fertilization in 
TFL 18 

Species Sw 
Rank High  Moderate 
Stand % Spp >80% 50 to 80% 
Site BEC SZ/Var/ss ICHmw3 01, ICHmk2 01, 

SBSmm 01, 05, 06, SBSdw1 
01, 05, 06, ESSFwc2 01, 04, 05, 
ESSFdc2 01, 04, 05 

ICHmw3 01, ICHmk2 01, 
SBSmm 01, 05, 06, SBSdw1 
01, 05, 06, ESSFwc2 01, 04, 05, 
ESSFdc2 01, 04, 05 

Opportunity Areas 
Age Class 2 401 587 
Age Class 3 0 50 
Age Class 4 0 63 
Totals 401 701 
 
 
Species Fd 
Rank High  Moderate 
Stand % Spp >80% 50 to 80% 
Site BEC SZ/Var/ss ICHmw3 01, 04, ICHmk2 01, 

SBSmm 01, 05, 06, SBSdw1 
01, 05, 06 

ICHmw3 01, 04, ICHmk2 01, 
SBSmm 01, 05, 06, SBSdw1 
01, 05, 06 

Opportunity Areas 
Age Class 2 0 126 
Age Class 3 0 0 
Age Class 4 0 26 
Totals 0 152 
 

Table 8 shows there are limited areas for current fertilization in TFL 18.  For perspective, the total Sw 
opportunity area of 1,102 hectares is approximately 1.9% of the THLB.  The total Fd opportunity area 
of 152 hectares is about 0.3% of the THLB.  It should be noted these areas are optimistic, as further net 
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downs would be expected for other stand criteria such as forest health, operational constraints and 
logistics. 

Based on the limited stand level response to fertilization and the very limited opportunity areas, it does 
not appear that a short-term fertilization program would have much effect on timber supply in TFL 18.  
However, once the MPB epidemic passes, the surviving young Pl stands would be eligible for 
treatment once they become old enough. Figure 33 illustrates how an extensive fertilization program 
could result in a more significant effect on mid to long-term timber supply. 

5.1.3 Financial Analysis of Fertilization 

The MoFR requires that intensive silviculture treatments be financially viable considering a 2% rate of 
return. 

Figure 34 illustrates that a single application of fertilizer at age 60 years has little effect on site value.  In 
fact, the fertilization regime is just slightly financially inferior (about $50 to 60/ha after treatment) to no 
treatment.  A more simplistic way to look at this example is that a $350 fertilization treatment buys 
about 11m3 of extra volume at time of harvest.  This extra volume has to pay for the discounted cost of 
the fertilizer and all the incremental costs of harvesting.  The results of this analysis illustrate that there 
is not enough extra value produced using this fertilization regime to cover the costs. 
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Figure 34:  Site value versus age (for the same regimes as for Figure 32) (using base costs, lumber 
prices and a 2% discount rate). 

 

5.2 Late-Rotation Fertilization—Forest Level impacts 

As noted in the stand-level analysis of fertilization, only 2% of the existing stands in TFL18 are 
considered a priority for early- or late- rotation fertilization.  However, it is important to understand the 
role that these stands could play in the medium term.  This scenario examines opportunities to mitigate 
the timber supply impacts of the mountain pine beetle using late-rotation fertilization of existing spruce 
and Douglas-fir stands.    
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Late rotation fertilization consists of the strategy of applying fertilizer 5-10 years before harvest to 
maximize the financial benefits of the treatment.  The yield effects of single fertilization can be 
approximated relatively easily by applying adjustment factors to “untreated” yield tables.  For the 
purpose of forest level analysis, fertilization was modeled by modifying the Base Case yield tables in 
the analysis, rather than by creating new yield tables using TASS or TIPSY.    

5.2.1 Assumptions 

5.2.1.1. Stand eligibility for late-rotation fertilization 

The intent of this scenario is to determine whether a single fertilization treatment has any significant 
timber supply impact on the medium term, using the most optimistic treatment criteria.  To achieve this 
intent, the eligibility criteria for fertilization in the forest level model were highly inclusive:   

• All stands currently between 6 and 100 years old; 
• All medium to high productivity stands (culmination age <120); 
• Not IU Balsam; 
• Less than 20% pine; 
• Any percentage of spruce or Douglas-fir. 

The approach used here assumes that eligible stands are fertilized 10 years before harvest.  The result is 
that some stands are fertilized as far as 100 years into the planning horizon.  However, regenerated 
stands are not eligible for fertilization at any point in the analysis.   

 

5.2.1.2. Growth rate response 

Consistent with the approach used in TIPSY, fertilization is assumed to increase the growth rate 
(current annual increment, CAI) by a specified factor for ten years following treatment.  The response 
varies depending on tree species, treatment age, and site productivity, as shown in Table 9.  

Table 9: Fertilization growth rate response for spruce and Douglas-fir. 

% growth rate (CAI) increase at specified site index 

Spruce Douglas-fir Treatment 
Age SI 15 SI 17 SI 19 SI 21 SI 23 SI 25 SI 15 SI 17 SI 19 SI 21 SI 23 SI 25 

20 17 15 14 12 10 9 17 20 23 24 23 22 

30 20 18 16 15 13 11 20 22 24 24 22 20 

40 22 20 18 16 14 11 21 23 25 25 23 20 

50 22 21 20 18 15 12 22 23 25 25 23 21 

60 22 21 21 19 17 14 22 24 25 25 24 22 

70 22 22 22 21 19 18 22 23 25 25 24 23 

80 22 23 24     21 23 25     

90 22 24 26       21 24 26       

 

Forest-level analysis does not warrant the level of detail in Table 9.  A single response was assigned to 
each species: 21% for Spruce and 25% for Douglas-fir.  This simplification is justified because single 
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fertilization is assumed to occur at later ages (10 years before harvest) and most stands in the candidate 
population have an intermediate managed stand site index. The variation in this reduced range is 
narrow enough that it can be ignored without having any noticeable forest level impact. The growth 
rate response was multiplied by 80% to account for operational inefficiencies, as noted in the stand 
level analysis.   

5.2.1.3. Yield response 

The response to fertilizer is defined as a percent increase in the growth rate of the stand. The growth 
rate varies depending on the age of the stand, and therefore the total volume response of the stand 
depends on when it is fertilized. To find the appropriate volume adjustment factor for each yield table, 
it was important to determine at what point the yield table would most likely be harvested.  This was 
done by calculating the growth rate in the 10 years before the MAI culmination of each yield table. The 
yield response for each yield table is the growth rate at culmination multiplied by the growth rate 
response to fertilization (17% for Sx, 21% for Fd). This process is summarized in Table 10. 

Table 10: Calculation of the volume response for each yield table that are eligible for fertilization 
in the single fertilization timber supply scenario. 

Yield table 
Culmination 

Age 
Fertilization 

Age 

% volume 
growth at 

culmination 

Yield 
Response1 

(Sx) 

Yield 
Response 

(Fd) 
8 Deciduous_low 105 95 10% 1.8% 2.1% 
9 Deciduous_medium 100 90 11% 1.9% 2.3% 
10 Deciduous_high 95 85 12% 2.0% 2.3% 
11 Deciduous_very high 90 80 12% 2.1% 2.5% 
14 Immature_medium 105 95 11% 1.8% 2.1% 
15 Immature_high 90 80 12% 2.1% 2.5% 
16 Immature_very high 75 65 15% 2.5% 3.0% 
42 Existing Spruce low 100 90 11% 1.9% 2.3% 
43 Existing Spruce medium 90 80 15% 2.5% 3.0% 
44 Existing Spruce high 75 65 18% 3.1% 3.7% 
45 Existing Spruce very high 70 60 18% 3.1% 3.7% 
47 Existing Mixed very low 100 90 10% 1.7% 2.1% 
48 Existing Mixed low 90 80 12% 2.1% 2.5% 
49 Existing Mixed medium 75 65 17% 2.9% 3.4% 
50 Existing Mixed high 75 65 15% 2.6% 3.1% 
51 Existing Mixed very high 70 60 17% 2.9% 3.4% 
73 Deciduous_low_Susceptible_10% 105 95 10% 1.8% 2.1% 
74 Deciduous_medium_Susceptible_10% 100 90 11% 1.9% 2.3% 
75 Deciduous_high_Susceptible_10% 95 85 12% 2.0% 2.3% 
76 Deciduous_very high_Susceptible_10% 90 80 12% 2.1% 2.5% 
79 Immature_medium_Susceptible_10% 105 95 11% 1.8% 2.1% 
80 Immature_high_Susceptible_10% 90 80 12% 2.1% 2.5% 
81 Immature_very high_Susceptible_10% 75 65 15% 2.5% 3.0% 

1yield response is the growth rate at culmination multiplied by the growth rate response to fertilization (17% for Sx, 
21% for Fd). 
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The yield tables were multiplied by the yield response to fertilizer.  To control the volume response as 
the stand ages beyond 100 years, the yield response was multiplied by a response damping factor that 
gradually brings the yield volume back to the untreated yield curve (Table 11). 

Table 11:  Fertilization response damping factor 

Stand Age (years) 60 80 100 120 140 160 180 200 220 240 260 280

Response Damping Factor 1 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 

 

The average volume growth of the spruce and Douglas-fir components of the fertilized yield tables are 
compared to the untreated yield tables in Figure 35 and Figure 36, respectively.  The response to 
fertilizer is sufficiently similar to the response found in the results of the stand-level analysis.  On 
average, harvestable volume at 80 years increases by 2.5% for spruce, and 3.1% for Douglas-fir.  This 
proportional increase in volume is consistent across the range of harvestable ages for fertilization-
eligible stands (60-120 years).   
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Figure 35: Average growth of the spruce component of yield tables that are eligible for 
fertilization. 
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Average growth of Fd component in eligible yield tables
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Figure 36: Average growth of the Douglas-fir component of yield tables that are eligible for 
fertilization 
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5.2.2 Timber supply results 

A timber supply simulation was performed using the fertilization-adjusted yield tables, and the growing 
stock forecast is compared to the Type 2 Base Case in Figure 37.  The change in growing stock is 
insufficient to adjust the medium term harvest level.  Nevertheless, close examination of the growing 
stock forecast indicates that the simulated fertilization treatment scenario results in 40,000 m3 more 
growing stock at 50 years (the middle of the medium term).  This small surplus could translate into a 
harvest level increase of approximately 700 m3/yr (0.4%) over the course of the medium term.   
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Figure 37: Growing stock forecast for the single fertilization scenario, showing the effect of 
widespread application of single fertilization 10 years before harvest (not applied in the long 

term. 

 

The purpose of the single fertilization scenario was to determine the absolute maximum medium-term 
timber supply response to fertilization of spruce and Douglas-fir.  Consequently, the timber supply 
scenario shown above is deliberately optimistic about the number of sites that are eligible for 
fertilization.  The population of stands that received fertilization in the scenario include stands with less 
than 50% target species, age >80 years old, and highly productive sites, all of which would not be 
considered candidates for fertilization on TFL18.   

Table 12 provides an alternate analysis of the potential role for fertilization in timber supply on TFL 18.  
This approach defines the population of eligible stands (>50% target species, Age <80 in 2004, and 
appropriate site series), and examines the contribution of these stands to harvested volume in the base 
case.  The volume harvested from candidate stands is summed over the first 100 years of the forecast 
horizon.  This extends 30 years into the long term to account for the role of stands that are currently 
very young, and because extra volume in the early part of the long term can allow for higher harvest 
levels in the medium term.  Table 12 provides an estimate of the potential contribution of eligible 
stands to medium term timber supply.   

Stands that are appropriate for fertilization cover 10% of the THLB.  The spruce and fir components of 
these stands contribute 1.5 million m3 (15%) of the total volume harvested over the next 100 years in 
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the Type 2 base case.  When the average fertilization response is added to this harvest volume, an extra 
39,000 m3 would be available during this period.  This translates into an upward pressure of only about 
0.2% on the first 100 years.  Notably, most of the eligible stands are less than 20 years old, meaning 
that the decision to fertilize them need not be made until several decades from today.  These results 
imply that there are currently no significant opportunities to improve timber supply through late-
rotation fertilization of spruce and Douglas-fir. 

Table 12: Estimate of potential timber supply contribution of late-rotation fertilization to the 
medium-term harvest level  

Approx Fertilization 
Response Target 

Spp. 
Age Class in 

2004 

Area (ha) with 
>50% target 

species 

% of 
TFL18 
THLB 

Target Spp. Harvest 
Volume 2004-2104 

(m3), Base Case % m3 

% of timber 
supply to 
year 2079 

6-20 years 4,407 7.7% 1,279,154 2.5% 31,979 0.16% 
21-40 years 847 1.5% 229,189 2.5% 5,730 0.03% 
41-60 years 45 0.1% 7,412 2.5% 185 0.00% 

Sx 

61-80 years 36 0.1% 5,569 2.5% 139 0.00% 
6-20 years 112 0.2% 21,289 3.1% 660 0.00% 
21-40 years 89 0.2% 18,906 3.1% 586 0.00% 
41-60 years 0 0.0% 27 3.1% 1 0.00% 

Fd 

61-80 years 15 0.0% 1,915 3.1% 59 0.00% 
Total  5,550 9.7% 1,563,462  39,339 0.19% 
 

5.3 Multiple Fertilization—Forest-level impacts 

5.3.1 Stand eligibility for treatment 

The intent of the forest level multiple fertilization scenario is to identify the medium-term impacts of 
the treatment.  Future managed stands were not included in the treatment population as a result. In order 
to be eligible for Fertilization in the forest level modeling, stands had to meet the following criteria: 

• >50% Fd and/or Sw; 

• Between 11 and 80 years old in 2004; 

• Fd:  ICHmw3 01, 04, ICHmk2 01, SBSmm 01, 05, 06, SBSdw1 01, 05, 06; 

• Sx:  ICHmw3 01, ICHmk2 01, SBSmm 01, 05, 06, SBSdw1 01, 05, 06, ESSFwc2 01, 04, 05, 
ESSFdc2 01, 04, 05; 

• Spruce-leading stands <21 years old are not in the Zone 1 (high) spruce leader weevil hazard 
zone; and  

• Not within OGMAs, WHAs, or VQO Preservation/Retention or Class A Lakeshore 
management zones. 

There are a total of 2,784 stands that meet these criteria.  The distribution of these stands in different 
age classes, BGC variants, and site series is shown in Table 13 and Table 14.  An additional 3300 ha 
are between 11 and 20 years old, but are excluded from treatment in this analysis because they are 
located in the high spruce leader weevil hazard zone.  These stands may be considered eligible for 
treatment in the future, but are assumed to be inappropriate for treatment within the short term and early 
medium term. 
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Table 13: Area distribution of fertilization-eligible stands by age class and BEC zone.   

THLB Area by Biogeoclimatic variant 
Age Class ESSFdc2 ESSFwc2 ICHmk2 ICHmw3 SBSdw1 SBSmm Total 
11-20 years 91 500 32 36 12 206 876 
21-30 years 3 486 386 127   332 1,334 
31-40 years 67 41 137     71 317 
41-50 years     10 0   11 21 
51-60 years   0         0 
61-70 years   2   36     38 
71-80 years   15   181 2   198 
Total 161 1,045 565 379 14 620 2,784 

 

Table 14: Area distribution of fertilization-eligible stands by site series.   

Site Series THLB Area (ha) Pl% Sx% Fd% 
ESSFdc2 01 82 3% 74% 0% 
ESSFdc2 05 80 2% 73% 0% 
ESSFwc2 01 909 1% 80% 1% 
ESSFwc2 05 135 1% 80% 1% 
ICHmk2 01 565 5% 42% 26% 
ICHmw3 01 324 17% 29% 40% 
ICHmw3 04 55 12% 25% 41% 
SBSdw1 01 14 25% 31% 31% 
SBSmm 01 549 6% 66% 11% 
SBSmm 05 15 6% 40% 24% 
SBSmm 06 56 4% 39% 31% 
Total   2,784 5% 61% 14% 

 

5.3.2 Growth rate response 

Assumptions for growth rate response are similar to single fertilization: 17% for Spruce and 20% for 
Douglas-fir.  Treatments at age 30 and less are assumed to have slightly lower response: 16% and 18%, 
respectively.  Treatments were assumed to occur every ten years between stand ages of 20 years and 80 
years.  Because multiple fertilization is not currently being practised extensively on TFL 18, the effect 
of multiple fertilization will vary depending on current stand age.  It is necessary to simulate the impact 
of beginning a treatment regime at the present day and continuing into the medium term.  To do this, 
the eligible population was stratified into ten-year age classes.  The average yield table was calculated 
for each stratum, and the appropriate fertilization response was applied to the spruce and Douglas-fir 
components of these yield tables. The untreated and treated yield tables for each population are shown 
in Figure 38. 
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Figure 38: Volume response of stands that are eligible for multiple fertilization, stratified by age. 
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5.3.3 Timber supply results 

The medium-term harvest level impacts of multiple fertilization were tested as a sensitivity analysis, 
where all other assumptions of the Type 2 base case were maintained.  Multiple fertilization has 
significant effects on stand-level volume growth, and these effects are sufficient to create a 3,000 m3/yr 
(1.5%) increase in the medium term harvest level.  Fertilization was not applied to future stands, so the 
long-term harvest level does not change compared to the base case.    

 

 

Figure 39: Medium-term harvest level impacts of multiple fertilization 

 

Figure 40 shows the annual area treated in the multiple fertilization simulation compared to the area 
treated in the single fertilization simulation.  This comparison emphases the lack of significant 
opportunities to apply late fertilization in the near future.  The majority of the treated stands are 
currently 30 years old or younger, meaning that most of the harvest of fertilized stands occurs at the end 
of the medium term or the beginning of the long term (>70 years from now).  Nevertheless, the extra 
volume created by fertilization allows higher harvest levels throughout the medium term (starting in the 
year 2014). 
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Figure 40: Annual treatment area in the multiple and single fertilization sensitivity analyses.   
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6 Mountain Pine Beetle Salvage and Losses 

Salvage of catastrophically disturbed forests is not traditionally a component of silviculture investment 
strategies.  However, the role of silviculture planning is to improve the future supply and value of forest 
products, reduce risk to forest values, and manage wildlife habitat. Actions taken now to capture 
mortality and establish new stands will have a crucial role in achieving these objectives.  Salvage 
strategies are a key consideration in a silviculture analysis.     

The MP10 timber supply analysis included an extensive investigation of the relationship between the 
short-term, harvest level and the impacts of the mountain pine beetle infestation.  Since the MP10 
analysis, additional concerns and uncertainties regarding mountain pine beetle have arisen that deserve 
some attention.  This analysis builds on the MP10 timber supply analysis by considering the following 
issues: 

• Role of small pine stands; 
• Role of 61-80 year old pine stands; 
• Risk and consequence of attack in young pine managed stands (15-30 years old); 
• Rehabilitation of unsalvaged pine stands. 

This section introduces the various types of stands that are considered for salvage and rehabilitation, 
and then provides stand- and forest-level analyses focused on individual issues.  

6.1 NRL populations 

Despite efforts to salvage beetle-attacked stands, there will undoubtedly be stands that are left 
unsalvaged. These stands are called “non-recovered loss” (NRL) stands in this analysis. Different types 
of stands have different implications in the context of the mountain pine beetle infestation.  It is useful 
to classify potential NRL stands into different groups based on what we think will happen to them, 
uncertainties about risk, and the measures required for stand rehabilitation.  The following populations 
of NRL stands were identified: 

• 15-30 years old, >50% pine—the effect of MPB on these stands is uncertain.  There is a 
possibility that a significant proportion of the pine in these stands will be killed, in which case 
stand rehabilitation measures may be required to mitigate medium term timber supply impacts.   

• 31-60 years old, >50% pine—Current expert opinion is that these stands will likely be 
attacked during the course of the infestation.  This population has a minor role in timber supply 
because it covers only 0.2% of the THLB.  Nevertheless, rehabilitation of these stands may be 
considered. 

• 61-80 years old, >30% pine—These stands were not prioritized for salvage in any of the 
MP10 timber supply scenarios.  Nevertheless, there may be opportunities to salvage 
merchantable timber in these stands.   

• >80 years old, >30% pine—These stands are generally salvaged aggressively in the Type 2 
base case, but some did not get salvaged because they were non-merchantable (<125 m3/ha) 
during and/or after the short term. Stand rehabilitation is a silvicultural option for these areas. 

• Small pine (mature)—Some stands are considered merchantable and salvageable in the base 
case but in reality have marginal merchantability.  This population was defined using expert 
opinion provided by Canfor staff.   

The NRL populations are generally aggregated into identifiable stands or groups of stands. The key 
stands were given a number to identify them through the analysis.   Small isolated patches were 
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excluded from the analysis, because they will have little effect on timber supply.  The result is that each 
population has 2-5 operational units that can be considered separately if necessary. The NRL units are 
shown in Figure 41. 

 

 

Figure 41: Location and identification numbers of NRL populations.  

 

Some basic attributes of the NRL populations are given in Table 15.  In addition to leading site series, 
THLB area, and species component, the summary includes the theoretical long-run sustained yield 
(LRSY) of the unit.  LRSY provides a good estimate of the potential contribution of the unit to volume 
production on the TFL.  This is relevant because the contribution is diminished if the stand is left 
unsalvaged.   

Small pine is the most important population in terms of area and LRSY (4% of TFL18 by both 
measures). Very young pine stands (age 15-30 years) are also relevant to timber supply, covering 2% of 
the THLB and contributing 3% of the long term productivity.  Age 31-60 stands are insignificant from 
an overall timber supply perspective, but they occur in aggregated units that may be convenient to 
rehabilitate.  Age 61-80 stands are intermediate in terms of area and LRSY, but they have the additional 
importance of being imminent contributors to the harvest at the beginning of the medium term.  All 
units are at least two-thirds pine by volume (losses to beetle are not factored into species distributions).   
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Table 15: Basic information about the NRL populations and the individual NRL units 

Popn ID Leading Site 
THLB 

Area (ha) 
LRSY 
(m3/yr) Pl% Sx% Bl% Fd% Decid%

13 SBSmm 01 393 1,785 85% 5% 9% 0% 1% 
14 SBSmm 01 756 3,786 85% 4% 4% 3% 4% 
16 ICHmk2 01 216 1,021 76% 6% 0% 0% 18% 

Age 
15-30 

Total   1,365 6,592 83% 5% 5% 1% 5% 
6 ESSFwc2 06 30 106 70% 20% 10% 0% 0% 
7 ESSFwc2 05 55 180 100% 0% 0% 0% 0% 

Age 
31-60 

Total   85 286 89% 7% 4% 0% 0% 
1 ICHmw3 01 301 1,458 74% 8% 2% 17% 0% 
2 ESSFwc2 94 78 307 66% 23% 2% 9% 0% 
3 SBSmm 01 181 900 94% 2% 4% 0% 0% 
4 SBSmm 06 65 314 83% 4% 13% 0% 0% 
5 ESSFwc2 01 133 516 73% 15% 10% 1% 1% 

Age 
61-80 

Total   758 3,496 78% 9% 5% 8% 0% 
8 SBSmm 01 120 479 80% 5% 15% 0% 0% 
9 ICHmw3 01 148 673 95% 0% 0% 3% 0% 
10 ICHmk2 03 90 319 72% 6% 2% 19% 0% 
11 ESSFwc2 94 51 181 80% 3% 12% 5% 0% 
12 SBSmm 01 44 208 67% 28% 6% 0% 0% 

Age 
>80 

Total   453 1,859 82% 5% 6% 6% 0% 
Small Pine (all blocks)   2,361 9,833 60% 19% 11% 8% 1% 
 

6.2 NRL Scenarios—Stand Level Analysis 

6.2.1 Growth and Yield Assumptions 

Table 15 shows the main attributes for the estimated NRL populations.  To facilitate analysis it was 
necessary to group these populations and make some key assumptions about what they will look like 
and develop naturally after the MPB epidemic is over.  This was done based on input from Canfor and 
using information collected for similar stands in the Northern Interior Forest Region (from a 
PowerPoint presentation Silvicultural Approaches to Managing MPB Damaged Stands:  Regeneration 
and the Mid-Term Timber Supply, by D. Coates, 2006).  As with any analysis, the quality of the results 
is based on the reliability of the data and assumptions.  In this case there is little data for the estimated 
NRL stands.  As a result there are many uncertainties in the assumptions, and the results of this analysis 
should be considered preliminary. 

Table 15 shows that most of the NRL stands are on zonal and drier sites.  For natural stands (>40 years 
old), this is because pine dominated stands originated from fire, which is correlated to these sites.  In 
younger, managed stands (15 to 40 years old), although there was a lot of pine planted on all sites in the 
1980’s, stands on wetter sites tend to have significant components of non-pine species from natural 
regeneration.  This analysis assumed that the vast majority of NRLs would occur on zonal and drier 
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than zonal sites.  As the productivity of the dry sites are generally too low to make management 
interventions viable, this analysis focussed on zonal sites in the ICH, SBS and ESSF. 

The NRL stands were initially grouped based on the expected contribution of the residual component – 
the pine and non-pine portion of the stand that will remain after the MPB.  As these stands are 
considered NRLs, by definition there is not enough residual volume to be merchantable.  However for 
younger stands the residual component can be expected to grow and contribute volume when the 
regenerated component is ready for harvest.  For this analysis, it was assumed the residual component 
will contribute to the merchantable volume at harvest for stands between 15 and 60 years old and the 
residual component will grow at a similar rate as its existing yield curve (less the MPB mortality).  For 
stands >60 years old it is assumed the residual volume will not be available for future harvest due to 
mortality (due to forest health, blowdown, etc.) or poor quality (too old with high DWB). 

Next the NRL population was grouped based on assumptions about existing advanced regeneration and 
natural ingress after the MPB.  Stands less than 80 years old were assumed to not have significant 
advanced regeneration.  It was felt these stands had not yet developed enough canopy openings 
(through mortality caused by forest health) and had not produced seed for long enough to allow for 
establishment of significant advanced trees.  On the other hand stands older than 80 years old were 
assumed to have potentially significant components of advanced regeneration.  As Gord Ratcliff, RPF 
of Canfor has walked many of the potential stands in this NRL population over the last year or two, he 
provided the basic assumptions for advanced regeneration.  Table 16 shows the proportions of stands 
by their estimated advanced regeneration density by layer and their estimated species composition.     

As most of the Small Pine NRL population is mature, in consultation with Canfor it was decided these 
stands could be assumed to be similar to the rest of the >80 year old potential NRL stands. 

Table 16:  Advanced Regeneration in Pl Leading NRL stands >80 years old in TFL 18 

BEC/Std type* Seedlings (<1.3m tall) Saplings (>1.3m tall and <7.5cm dbh)) 

 % of Stands with <400, 400-
1000 or >1000 sph (total to 

100%) 

Spp % % of Stands with <400, 400-
1000 or >1000 sph (total to 

100%) 

Spp % 

 <400sph 400-
1000sph 

>1000sph  <400sph 400-
1000sph 

>1000sph  

ICH/Pl 80 10 10 Bl6Sx2Pl2 80 20 0 Bl5Cw3Pl2 

ICH/Pl(Fd,Sw) 60 30 10 Bl5Sx3Pl2 85 15 0 Bl3Cw3Pl2Sx2 

SBS/Pl(SxBl) 75 15 10 Bl4Sx3Pl3 80 10 10 Bl4Sx3PL3 

ESSF/Pl(SxBlFd) 70 20 10 Bl4Sx3Pl3 80 20 0 Bl4Pl3Sx2 

*before the MPB 

Once the majority of overstory trees die in the older NRL stands the advanced regeneration is expected 
to adapt to the more open conditions and release.  Although it is acknowledged there will likely be 
some growth reduction expected due to reduced light, for this analysis this was deemed to be 
insignificant.  However, Canfor is concerned about the fate of the significant components of balsam 
(under all stands) and cedar in some ICH stands.  It is felt that, as these are pine dominated stands 
developed through natural process, much of the balsam and cedar may not survive to maturity.  The 
primary issues are forest health and moisture stress (based on the assumption these are generally mesic 
to drier sites).  As a result in the analysis it was assumed that balsam and cedar advanced regeneration 
will suffer mortality rates of  ~50% in the ICH and SBS and balsam in the ESSF will have a mortality 
rate of 25%. 
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The NRL population was also separated based on expectations for natural ingress.  NRL stands <60 
years old were assumed to have no significant cone crops to provide seed for ingress.  In addition there 
was assumed to be little mature forest left in the vicinity of these stands.  Finally, as there is assumed to 
be no significant site disturbance, germination rates of the main species were assumed to be low.  As a 
result of these factors, natural ingress rates for NRL stands <60 years old were assumed to be low and 
regeneration delays long. 

For NRL stands >60 years old, there is expected to be enough residuals in the stands to provide a 
reliable source of seed.  Using the ingress patterns, stratified by BEC unit and stand type, as determined 
from Canfor’s recent silviculture surveys and Gord Radcliff’s local knowledge, expected ingress for the 
main site and stand types in the NRL population is shown in Table 17. 

Table 17: Expected Ingress in Pl Leading stands >60 years old in TFL 18   
BEC/Std type* Ingress after mortality of Pl component** 

 % of Stands with <400, 400-1000 or 
>1000 sph (total to 100%) 

Spp % 

 <400sph 400-
1000sph 

>1000sph  

ICH/Pl 30 30 40 Pl4Bl4Cw1Sx1 
At+ 

ICH/Pl(Fd,Sw) 20 40 40 Pl4Sx4Bl2 At+ 

SBS/Pl(SxBl)  20 20 60 Pl6Sx2Bl2At1 

ESSF/Pl(SxBlFd) 30 30 40 Pl5Sx3Bl2 

*before the MPB 

Regeneration delays were assumed to be between 10 and 15 years for all sites.  As with the advanced 
regeneration there were no assumed growth losses on the ingress due to shading from the dead and 
residual components.    

It is acknowledged there will be some damage done to the advanced regeneration and natural ingress in 
mature NRL stands by the breakup of the dead stems.  In addition, some brush competition can be 
expected.   However, no explicit assumptions were made about these factors for this analysis. 

Based on a review of the expected advanced regeneration and ingress patterns for TFL 18 it appears as 
though natural regeneration has the potential to provide reasonable stocking in a significant proportion 
of the older NRL stands (>60 years).  In these stands the ingress component appears to be the most 
significant.  On the other hand, young NRL stands are not predicted to naturally stock well and could 
require management to rehabilitate. 

In order to facilitate analysis with Tipsy (v3.2) the NRL population was divided into several groups 
(Table 18).  To estimate the growth and yield of each population the residual, advanced and ingress 
components were modelled separately.  The residual component came from the post MPB impacted 
MSYT.  To model the advanced regeneration it was necessary to assume the trees were planted with a 
regeneration delay of 0 years and a stock height of 1m (the maximum allowed in Tipsy).  The ingress 
components were modelled as natural stands with the noted regeneration delays.  The advanced and 
ingress components for each population were modelled at the same initial densities, which were the 
total of the ingress, and advanced densities.  Finally, the resultant yield curve for the natural 
regeneration (advanced and ingress) for each population was determined by taking the weighted 
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average (by density) of the contributions of the advanced and ingress curves.  For example, for the 
ICH/Pl, >80 year population which was assumed to have 400 sph of advanced and 600 sph of ingress, 
the natural regeneration yield curve was the sum of 40% of the advanced yield curve (run with 1000 
sph) and 60% of the ingress yield curve (run with 1000 sph).    

Table 18:  NRL populations for stand level analysis. 

Age BEC/Std Type* Residual Std Advanced 
Regeneration 

Ingress 

15 to 60 SBS/Pl(SxBlFd) Yes, using 
MSYT 14 

N/A Low estimate** 
RD=20 years. 

15 to 60 ICH/Pl(DSx) Yes, using 
MSYT 14 

N/A Low estimate** 
RD=20 years. 

60 to 80 ICH/Pl(FdSxBl) N/A N/A Median  
estimate** 
RD=10 years. 

60 to 80 SBS/Pl(SxBl) N/A N/A Median  
estimate** 
RD=10 years. 

60 to 80 ESSF/Pl(SxBl) N/A N/A Median  
estimate** 
RD=10 years. 

>80 ICH/Pl N/A Median  
estimate** 

Median  
estimate** 

 ICH/Pl(Fd,Sw) N/A Median  
estimate** 

Median  
estimate** 

 SBS/Pl(SxBl) N/A Median  
estimate** 

Median  
estimate** 

 ESSF/Pl(SxBlFd) N/A Median  
estimate** 

Median  
estimate** 

 *before the MPB 

** based on Table 17 

6.2.2 Analysis Results 

The intention of the analysis is to compare the Type 2 base case assumptions with what is expected to 
happen naturally.  Where stand level analysis showed significant differences, forest level analysis was 
completed.  In addition, where the expected natural responses were found to be poor analysis of 
potential management interventions was modelled. 

6.2.2.1. Comparisons to Base Case 

For simplicity, the Type 2 base case assumes that NRL stands have a 30-year regeneration delay then 
regenerate to the same yield curves they were on.  This is an obvious simplification, which originated 
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with the MP TSA and was based on very limited information.  In addition, as no major NRLs were 
predicted using the initial MPB assumptions, regeneration of NRLs was not a significant issue. 

Figure 42 shows for young stands, the Type 2 base case underestimates merchantable volume as 
compared to the expected natural development of NRL stands <60 years old in the SBS. 
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 Figure 42:  Merchantable volume versus age for the Type 2 base case (MYST14) and the 
expected unmanaged case (Run 21) on NRL stands <60 years old in the SBS.  

 

Figure 43 shows that for old stands, the Type 2 base case hugely underestimates merchantable volume 
as compared to the expected natural development of NRL stands in the SBS for ages >80 years. 

A review of the rest of the growth and yield data shows similar trends for the other young and old NRL 
stand types on the ICH and ESSF.  Based on this, and the estimated areas of the young and old NRL 
populations, the Type 2 base case could be slightly to moderately understated for medium to late term 
supply. 

If the assumptions for the natural development of the older NRLs are reasonable, there does not appear 
to be a significant opportunity for management intervention to improve the growth and yield of these 
stands.  However, as this analysis was based on the expected average conditions, there is expected to be 
a portion of the older NRL population which likely not restock naturally to reasonable densities and in 
reasonable periods of time.  These stands may be candidates for rehabilitation treatments. 

 On the other hand, if the assumptions for the natural development of the younger NRLs are reasonable, 
there appears to be an opportunity for management intervention to improve these stands.  The potential 
for treatment will be reviewed in the following section. 
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Figure 43:  Merchantable volume versus age for the Type 2 base case (NYST8) and the expected 
unmanaged case (Run 36) on NRL stands>80 years old in the SBS.  

 

Regardless of the validity of the assumptions used in this NRL analysis, if the MPB infestation 
continues as expected or gets worse, some level of NRLs can be expected.  The significance of these 
NRLs depends on the amount of area involved by age (young versus old) and the subsequent natural 
evolution of these stands.  As a result it is likely prudent to begin a survey program to develop estimates 
of potential NRL stands.  This can be started right away.  However, additional surveys and studies are 
expected to be required to understand natural ingress patterns.  Some of this work could begin now in 
the first stands to be killed in the area. However most of this work should likely happen starting in a 
few years.  The key requirements now are to develop strategic plans to be ready to implement 
treatments as soon as possible after the end of the current epidemic. 

 

6.2.2.2. Analysis of NRLs of Young Stands 

Figure 44 and Figure 45 compare the expected natural development of young NRL stands with the 
estimated effects of aggressive rehabilitation strategies for the SBS and ICH.  The yield curves used for 
the rehabilitation strategies are the future managed stand yield curves used in the TSA for MP 10 for 
zonal sites in the respective BEC variants.  These yield curves assume planting with genetically 
improved stock, a regeneration delay of 0, planting densities of 1200 sph (ICH) and 1400 sph (SBS) 
and natural ingress of about 880 sph (ICH) and 700 sph (SBS). 

Figure 44 and Figure 45 show there are substantial volume gains to be had by prompt rehabilitation of 
young NRL stands.  However, in order to achieve these gains there will be costs, which could be 
substantial.  For example it is likely mechanical site preparation would be required to get rid of the dead 
material and create planting spots.  In addition, planting in these stands, even if they have been 
prepared, is likely to be substantially more expensive than normal.  Finally, higher brushing costs can 
be expected due to the likely existence of a well-established brush layer. 
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Figure 44:  Merchantable volume versus age for the expected unmanaged case (Run 21) and an 
aggressive rehabilitation strategy according to the FMSYT (Run 23) on NRL stands <60 years 
old in the SBS. 
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Figure 45:  Merchantable volume versus age for the expected unmanaged case (Run 20) and an 
aggressive rehabilitation strategy according to the FMSYT (Run 22) on NRL stands <60 years 

old in the ICH. 
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6.3 NRL Scenarios—Forest Level Analysis 

6.3.1 Very young pine stands (15-30 years old) 

The fate of very young pine stands in the face of the epidemic mountain pine beetle attack is uncertain.  
Some attack has been observed in young pine stands, and it is possible that these stands may undergo 
significant mortality as the mountain pine beetle runs its course in TFL18.  The purpose of this 
sensitivity analysis is to test a “worst case” outcome of the beetle attack in very young pine stands and 
to investigate the forest level impacts of rehabilitating the key young pine stands (NRL groups 13, 14, 
and 16).   

The first sensitivity analysis applies 70% mortality to the pine component of all stands 15-30 years old 
and >50% pine.  The residual component of these stands is assumed to continue growing, but no 
recovery of the lost growing potential is modeled.  Stands are eligible for harvest if the residual 
component grows beyond 125 m3/ha.  Otherwise, the stand persists on the landscape as a non-
merchantable NRL.  The timber supply impact of these assumptions is an 8,000 m3/ha (4%) reduction 
in the medium term harvest level.  The long-term harvest level is not affected.  A further sensitivity 
analysis indicates that stand rehabilitation may be able to recover about half of the medium term losses 
associated with severe attack of the major areas of very young pine (NRL groups 13, 14, and 16). 

 

Figure 46: Timber supply simulations testing the effect of beetle attack in very young pine stands, 
and the effect of rehabilitating the main stands in this population.  

 

 

6.3.2 60-80 year-old pine stands 

Stands containing pine older than 60 years old are considered fully susceptible to mountain pine beetle.  
Nevertheless, stands less than 81 years old were not given any salvage priority in the Type 2 base case 
due to concerns about the merchantability of these stands.  This sensitivity analysis tests the effect of 
putting moderate salvage priority on 61-80 stands with >30% pine.   
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Salvaging 61-80 year old pine stands has a minor (1%) positive effect on timber supply in the medium 
term, and no significant effect on the long term.  The muted impact of this sensitivity analysis is likely 
due to the narrow “window” in which all pine stands must be salvaged before their pine component 
becomes unmerchantable.  Prioritizing immature pine stands for harvest displaces mature stands in the 
harvest queue, which offsets the recovery of volume from the young stands.  Nevertheless, the positive 
impact indicates that younger pine stands may be worth considering in operational salvage scheduling  
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Figure 47: Timber supply simulation testing the effect of putting moderate salvage priority on 
age 61-80 stands.  

 

6.3.3  Mature NRLs (61-80 and >80 years old) 

The results of the stand-level analysis above revealed that the differences between natural regeneration 
and active rehabilitation of mature unsalvaged stands are not sufficient to be expressed at the landscape 
level.  A forest level analysis is not required to elaborate on the stand level results.   

6.3.4 Small Pine 

Two timber supply simulations were performed to test the role of identified small pine stands.  The first 
removed any salvage priority on small pine stands, which essentially relegates them to be harvested 
beyond the salvage window, or to undergo natural regeneration back to unmanaged stands.  The second 
removes them entirely from the timber harvesting land base, thereby testing their overall contribution to 
timber supply.   

The results of these two simulations are shown in Figure 48.  Removing salvage priority on small pine 
stands has a 3% impact on the medium term, and predictably has no effect on the long-term harvest 
level.  Removing small pine from the timber harvesting land base puts and additional 1% impact on the 
medium term, but also reduces the long-term harvest level by 3%. This result indicates that allowing 
the small pine to go unsalvaged is essentially equivalent to removing them from the timber harvesting 
land base, in terms of medium term timber supply.   
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The small pine stands are a subset of the forest cover inventory that was identified by Canfor staff as 
having marginal merchantability. However, the LRSY and area estimates of these stands indicate that 
they are modeled as being of average productivity (4.2 m3/ha/yr).  Models for estimating merchantable 
volume (VDYP) and potential site index are designed to be unbiased at the forest level, but not at the 
stand level.  It is likely that this exercise introduced a bias into the overall growth and yield of the TFL 
because it used local knowledge to “hand-pick” non-merchantable stands from the THLB. The timber 
supply impacts seen in this section could be overestimated because of this bias. 
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Figure 48: Timber supply simulations testing the role of marginally merchantable small pine 
stands. 
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7 Economic Ranging 

The Type 2 Base Case assumes that future markets for forest products will be similar to today.  For 
each of the major scenarios reviewed (basic silviculture, fertilization and rehabilitation of NRL areas) 
stand level sensitivity analysis using different product values was done.  This scenario explores the 
effect of potential future developments relative to utilization limits and utilization of deciduous. 

7.1 Utilization Limits 

MP 10 and the Type 2 Base Case used the following utilization criteria: 

• Stump height = 0.3m 

• Minimum top diameter = 10cm 

• Minimum DBH (Pine) = 12.5cm 

• Minimum DBH (non-pine) = 17.5cm 

These assumptions match the current utilization limits for cutting permits in TFL 18 and the 
surrounding area and are the standards used for timber supply analysis in the interior of BC.  
However, since the beginning of industrial forestry in the BC interior utilization standards 
have continually fallen as improved harvesting and milling technology has allowed the harvest 
to match the available timber supply.  This trend is similar to the evolution of the Canadian 
and international forest industries.  There is little evidence to suggest that utilization limits will 
not continue to be reduced in the future. 

We believe there will be a continuation of the trend towards more non-solid wood products 
such as OSB, fibreboard, LVL and biofuels, which will allow the industry to adapt to a supply 
of smaller wood.  This trend will be accompanied by demand for significant supply of this 
kind of wood.  As a result there will be pressure to harvest more stands at younger ages and to 
utilize a higher proportion of the total harvest volume.  In addition reduced utilization limits 
may allow commercial thinning to become viable.  This scenario is predicated on increased values 
for the small wood (mostly for non-solid wood products) from thinnings and the desire to develop some 
larger piece sizes from the residual stands.   
Examples of plausible reductions in utilization criteria for TFL 18 are: 

• Reducing the diameter limit from 17.5cm to 12.5cm for Sw and Fd for existing and 
future managed stands.  Currently on the BC coast the diameter limits for second 
growth of all species are 12.5cm.  Assuming the markets exist for the products, lower 
harvesting costs in the interior should allow the use of similar utilization criteria in the 
BC interior. 

• Reducing the top diameter from 10cm to 5cm for pine.  Already some utilization of this 
size of material has been occurring in the BC interior.  This trend is expected to increase 
with the potential startup of pellet plants for biofuel production. 

Figure 49 shows the impacts of different merchantability criteria on the FMSYT for the 
Essfwc2, site series 01.  This regime consists of a 75% component of Sw and applies to about 
18% of the future regenerated stands.  By reducing the minimum diameter criteria from 
17.5cm to 12.5cm for the Sw component, the harvest volume increases by 42 m3/ha (32%) at 
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age 60 to 17 m3/ha (4%) at age 100.  Therefore if a significant proportion of these stands are 
harvested at younger ages in the future, the impacts of achieving these lower utilization criteria 
on timber supply could be considerable. 
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Figure 49:  Impact of merchantability limits on volume versus age for the Type 2 base case for 
the FMSYT for the ESSFwc2/ss01. 

Figure 50 shows the impacts of different merchantability criteria on the future MSYT for the 
SBSmm, site series 01.  This regime consists of 50% Sw and Fd (total combined) and 50% Pl 
and applies to about 16% of the future regenerated stands.  By reducing the minimum 
diameter criteria from 17.5cm to 12.5cm for the Sw and Fd components, the harvest volume 
increases by 20 m3/ha (9%) at age 60 to 6 m3/ha (1%) at age 100.  In addition, if the top 
diameter limit is reduced to 5cm for the Pl component between about 35% (age 60) and 16% 
(age 100) of the difference between the total Pl volume and merchantable Pl volume (12.5cm) 
could be recovered.  Prorated for the whole stand this equates to a harvest volume increase of 
between about 5 m3/ha (2%) at age 60 to 2 m3/ha (>0.5%) at age 100.  With a reduced 
minimum diameter for the Sw and Fd and a reduced top diameter for the Pl a harvest volume 
increase of between about 22 m3/ha (8%) at age 60 to 8 m3/ha (2%) at age 100 could be 
achieved.   

Again, if a significant proportion of these stands are harvested at younger ages in the future, 
the impacts of achieving these lower utilization criteria on timber supply could be 
considerable. 
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Figure 50:  Impact of merchantability limits on volume versus age for the Type 2 base case for 
the FMSYT for the SBSmm/ss01. 

7.2 Utilization of Deciduous 

Existing stands in the ICH and SBS in TFL 18 contain components of trembling aspen and 
birch.  These deciduous species regenerate naturally on many sites in these BEC zones and are 
expected to exist in future stands.  Canfor has a history of harvesting and selling aspen for 
OSB.  Recently there has been some interest in birch from local millers.  MP 10 included 
aspen and birch volumes in the base case.  However, as a result of recent problems with the 
stumpage system relative to deciduous, it was decided to reduce the deciduous contribution by 
50% in the Type 2 Base Case.  Over the short to medium term reducing the deciduous 
contribution reduced timber supply about 1 to 3%. 

Based on recent prices for OSB and birch, it should be economically viable to remove a 
significant proportion of the deciduous volumes from harvest blocks.  However, this may 
require changes to the stumpage system.  If the economic opportunities and supply demands 
for deciduous improve, it is likely that Canfor, other licensees and the government can resolve 
these issues.  Overall, however, there is a marginal opportunity for a timber supply increase in 
the future from utilization of the deciduous in TFL 18. 
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8 Alternative Harvest Strategies—Borrowing from 
the long term 

The medium term is a transition period between the short term, when harvest relies heavily on natural 
stands, and the long term, when harvest is predominantly from future managed stands.  The medium 
term harvest level is dependent on the relative productivity of natural, existing managed, and future 
managed stands, and the presence of any acute timber supply shortages due to age class irregularities.  

The basic indicator of sustainability in timber supply is that harvest levels in the short and medium term 
do not reduce the long-term harvest level.  However, the MP10 timber supply analysis demonstrated 
that the long-term harvest level is expected to be significantly higher than the medium term harvest 
level due to forest management, as reflected in the site index adjustment (SIA) for TFL18.  In the 
context of the stated objective of mitigating the timber supply impacts of the mountain pine beetle, it is 
reasonable to consider using some of the long term upward pressure from the SIA to “subsidize” the 
medium term.  

In the MP10 base case and the type 2 base case, the timing of the transition to the long term harvest 
level is at 70 years, the point at which future managed stands become a majority of the harvested 
volume (Figure 51).  Although this is a rational time for the transition, it is arbitrary.  The MP10 timber 
supply analysis demonstrated that there is no “pinch point” or any other hard constraint limiting the 
medium term harvest level.  The timing of the transition to the long term is the factor that limits the 
medium term harvest level.  If the transition is delayed, the medium term harvest level may go up.  

 

 

Figure 51: Transition from existing stands to future managed stands in the harvest sequence of 
the Type 2 base case. 

The opportunity to extend the medium term on TFL18 is demonstrated in Figure 52 and Figure 53.  If 
the transition to the long term is delayed by 60 years, the medium term harvest level can be increased 
by almost 16,000 m3/yr (9%).  The effect of this change in harvest levels is to reduce growing stock 
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relative to the base case during the medium term (11-70 years), followed by a gradual recovery in 
growing stock during the first 60 years of the long term.  Growing stock has fully recovered to the Type 
2 Base Case levels by the time the long-term harvest level is resumed at 130 years.  This strategy can be 
called “borrowing from the long term” because it involves reducing the harvest level in the long term in 
order to raise the harvest level in the medium term.   

It should be noted that borrowing from the long term is not the same as an Allowable Cut Effect 
(ACE).  Borrowing from the long term involves reducing in the long-term harvest level. In contrast, the 
ACE indirectly increases the short and medium term harvest levels without reducing the long term 
harvest level. The ACE results from management actions creating more volume and creating it sooner, 
which reduces the period over which existing stands must be “rationed”.  The ACE is already 
incorporated into the MP10 and Type 2 Base Cases.   

 

Figure 52: Change in harvest levels that occurs if the medium term is extended by 60 years.  
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Figure 53: Growing stock development associated with the harvest levels in Figure 52 (medium 
term extended by 60 years), compared to the Type 2 Base Case.   

 

Age Structure Forecast 

The forecasted changes in age structure over the planning horizon of the Alternative Harvest Scenario 
are shown in Figure 54.  The forecasted sequence of age structures is similar to the Type 2 Base Case, 
except for a slightly larger area of young stands (0-20 years old) at year 50.  This “spike” of young 
stands is still evident at year 100, and is due to the higher medium term harvest level, combined with 
the need to harvest stands younger in order to achieve this harvest level.  Harvesting stands before 
culmination creates higher area-to-volume ratios than if harvest occurred at culmination.   
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Figure 54: Age Structure at years 0, 25, 50, 100, 150, 200, and 250 of the Alternative Harvest 
Strategy 



Canadian Forest Products Ltd.   TFL 18 Type 2 & 3 Silviculture Strategy Report 

Forest Ecosystem Solutions Ltd. 
227-998 Harbourside Drive, North Vancouver BC, Canada V7P 3T2.  tel 604-998-2222  

74

Extending the medium term is essentially “overcutting” in medium term and then “undercutting” for a 
period of the long term to allow growing stock to recover.  There is a cost associated with doing this.  
Overcutting involves harvesting stands below their culmination age, and undercutting involves 
harvesting stands above their culmination age.  In both cases, the productive potential of the site is not 
realized.  The result is that the sum of the volume harvested during the period over which the volume is 
transferred is less than in the base case.   

The reduction in timber supply associated with extending the medium term is illustrated in Figure 55. 
18,000 m3/yr was removed from the long term in order to raise the medium term harvest level by 
15,700 m3/yr.  The analogy for this exchange of volume is a bank loan.  In addition to the volume 
“borrowed” from the long term, an additional amount of volume is required to allow growing stock to 
recover back to base case levels.  In other words, the “interest” associated with a loan of 15,700 m3/year 
in the medium term is 2,300 m3/yr (14%).   

 

 

Figure 55: “Bank loan” analogy for extending the medium term. 

The reduction in timber supply will vary depending on how much volume is transferred from the long 
term to the medium term.  In other words, the interest rate depends on the size of the loan (Figure 56).  
Loans of up to 14,000 m3/yr incur relatively small interest rates of less than 10%.  The interest rate 
increases dramatically at loans of greater than 15,000 m3/yr.  A loan of 20,000 m3/yr incurs an interest 
payment of 12,000 m3/yr (60%).  It is clear from Figure 56 that there is a limit to which extending the 
medium term can be used to increase the medium term harvest level.  Beyond this limit, timber supply 
is significantly diminished relative to the productive potential of the land base.   
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Figure 56:  The relationship between the increase in the medium term harvest level associated 
with borrowing volume from the long term, and the volume lost from timber supply as a result.  

 

The relationship between the loan and the interest rate is likely affected by the following factors: 

• Productivity of future managed stands—Low interest loans (<10%) allow almost direct 
transfer of volume from the long term to the medium term.  Any increases or decreases in 
future productivity will have a correspondingly direct effect on the amount of volume that can 
be borrowed at a given interest rate.   

• Presence of pinch points—pinch points are brief periods in the timber supply planning horizon 
where there is a severe shortage of merchantable volume available for harvest (e.g. due to a 
large gap in the age structure of the forest).  It is difficult to transfer volume across a pinch 
point.  The presence of a pinch point at some point in the medium term would reduce the 
amount of volume that can be borrowed at a given interest rate.  

As stated earlier, borrowing volume from the long term involves overcutting in the medium term and 
undercutting in the long term.  Overcutting involves harvesting a larger than normal area of stands 
below culmination age.  The extent to which this occurs is shown in Figure 57, which allows a 
comparison of sub-culmination harvesting in the Type 2 Base Case and one of the runs shown in Figure 
56.  The run chosen for this comparison is the 14,000 m3/yr loan, because this run was the highest loan 
amount within a reasonable interest rate.  Figure 57 demonstrates that some sub-culmination harvesting 
occurs in the Type 2 base case (harvest age divided by culmination age <1).  This is typical of most 
land bases, where uneven age structures and other constraints require some flexibility to harvest below 
culmination age.  Borrowing from the long term, however, involves substantially more sub-culmination 
harvesting between 50 and 100 years.   
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Figure 57: harvest age relative to culmination age; comparison of the Type 2 Base Case and a 
run where the medium term is extended by 45 years to achieve a 14,000 m3/yr increase in the 

medium term harvest level.  



Canadian Forest Products Ltd.   TFL 18 Type 2 & 3 Silviculture Strategy Report 

Forest Ecosystem Solutions Ltd. 
227-998 Harbourside Drive, North Vancouver BC, Canada V7P 3T2.  tel 604-998-2222  

77

The analysis above implies the following conclusions.  

• The productivity of future stands has a direct effect on the medium term harvest level.  
Traditional timber supply analysis tends to isolate the productivity of future stands and limit 
their influence on the medium term to an indirect “allowable cut effect” (ACE).  Borrowing 
from the long term creates a direct relationship between the productivity of future stands and 
the medium term harvest level.  It is likely that the concept of borrowing from the long term 
will influence allowable annual cut determinations in a post-MPB world.  If so, a rigorous 
understanding of the growth and yield of future stands will be required to justify harvest levels 
that are elevated based on projections of the future productivity of the land base.   

• The additional volume created in the long term by incremental silviculture and other 
management actions that increase the productivity of future stands can likely be transferred to 
the medium term. This transfer does have a timber supply impact, but the impact is low even 
with substantial amounts of volume transferred.  

• The ability to realize future productivity as an increase in the medium term harvest level is a 
forest level effect that may alter the cost/benefit assessment of incremental silviculture 
practices.  Stand-level financial analysis does not necessarily capture the forest-level benefits 
of borrowing from the long term.  

• The opportunity to borrow from the long term hinges on the minimum utilization and 
merchantability limits of stands harvested at the end of the medium term and the beginning of 
the long term.  Some stands harvested between 50 and 125 years from now will be harvested 
well below culmination age.  Practices that improve the merchantability of some stands at 
young ages will reduce the timber supply impacts of borrowing from the long term.  

 

In summary, opportunities to raise the medium term harvest level by borrowing from the long term will 
be facilitated by forest management practices that: 

• Increase the productivity of stands, even if this effect occurs in the long term. 

• Improve the merchantability of a subset of stands at ages below culmination. 

• Improve the understanding of the growth and yield of future managed stands.  

 

 

8.1 Habitat Supply Implications – Borrowing From the Long Term 

We found no appreciable difference in the supply of habitat between the Type 2 Base Case and the 
scenario, which borrows timber volume from the long term.  For this reason we have abbreviated the 
display of results to the few examples provided in Figure 58 and Figure 59.  The abundance of downed 
dead wood was the only indicator that showed variance from the Type 2 Base Case (Figure 59 (A)) and 
although the variance could be viewed as a benefit to marten, the habitat values for marten were 
insensitive to this change.  The positive increase in downed wood during the medium-term was likely 
overpowered by deficits in most other components of marten habitat (see discussion in section 3.3.4). 
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Figure 58.  Modeled habitat supply (Type 2 Base Case is dashed line) compared to the maximum 
or minimum habitat supply expected from assumed natural disturbance (solid green lines) and 
to a silviculture strategy which borrows volume from the long-term to increase harvest levels in 

the medium-term (solid blue line).  Habitat supply is depicted for mule deer summer (A) and 
winter (B) ranges and for black bear spring (C) and summer/fall (D) ranges. 

 

 

Figure 59.  Modeled habitat supply (Type 2 Base Case is dashed line) compared to the maximum 
or minimum habitat supply expected from assumed natural disturbance (solid green lines) for 

downed dead wood (A) and for standing dead wood (B). 
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Figure 60.  A comparison of area (ha) harvested for timber in alternative silviculture scenarios 
reflecting a Type 2 Base Case and a scenario where timber volume is borrowed from the long-

term to increase medium-term timber supply. 
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9 Synthesis and Strategy Recommendations 

The Type 2 standards require a final report separate from the analysis report. This section contains the 
content of the final report and includes it within this analysis report.  

9.1 Timber Strategies 

Type 2 & 3 Silviculture Analyses typically include a final strategy scenario involving the integration of 
a series of prescriptions into a single timber supply run.  However, the uncertainties associated with the 
mountain pine beetle epidemic preclude a deterministic prescription of silviculture activities.  Many of 
the management activities contemplated in this study are in response to events that are imminent but 
which have not yet occurred.  In this context of uncertainty, it is much more useful to provide strategic 
recommendations for what to do in the event that predicted events occur.  A summary of the findings of 
this report is provided in Section 9.3. 

A key component of this project is identification and evaluation of cost-effective opportunities to 
mitigate the timber supply impacts of the mountain pine beetle.  These impacts will be largely felt in 
the medium term, starting in approximately ten years from now.  A key finding of this analysis was that 
there is an opportunity in TFL18 to increase the medium term harvest level by reducing the long-term 
harvest level for a defined period of time.   

General Assumptions about the future for MPB Impacted Management Units: 
There is ongoing uncertainty in the MPB assumptions used in current timber supply analysis and 
whether they truly represent the actual MP disturbance or not.  In most of the BC interior, especially for 
TFL 18, the cycle of infestation has not finished.  In addition there is uncertainty on the effects of 
markets and timber pricing policies on the efficiency of salvage efforts.  As a result of these 
uncertainties, it is unknown what the actual mortality levels in young pine stands and the distribution 
and amount of NRL areas for TFL 18.  The actual progression of the MPB will ultimately direct a 
significant component of silvicultural (and other) mitigation strategies. Within this project we will 
create a strategy that will have to be reviewed on a periodic basis to determine if the activities proposed 
or if additional treatments are required. 

The MPB epidemic highlights the importance of the need for better understanding of natural process as 
they relate to forest health.  Future stand establishment and management practices should better reflect 
our understanding of ecological suitability and ecosystem process not just productivity and costs. There 
is an opportunity within this Type 2/3 analysis to investigate these treatments but further work will need 
to be completed to implement at an operational level. 

Using current criteria for sustainable timber supply analysis and assumptions about utilization limits 
and product values, there is predicted to be significant shortages of timber to harvest in the short to 
medium term in many parts of the interior of BC including TFL 18.  However, if some assumptions 
were changed based on changes in forest management criteria there may be significantly more timber 
available to log than is currently forecast under current day management assumptions. Some examples 
of these opportunities are based on the consideration that continual evolution of technology and 
industry’s motivation to adapt to the available timber will lead to reductions in merchantability criteria 
(in terms of piece size).  We believe that this will be a continuation of the trend towards more non-solid 
wood products and will be based on the inherent wood properties of the available timber supply (i.e.:  
strength, density, stiffness, stability and uniformity).  However, before mills are built or modified to 
utilize smaller wood, industry will seek assurances of the supply of timber.  This will put pressure on 
the government and managing foresters to allow harvesting of more stands at younger ages (moving 
from biological to financial rotations). Given the forecast changes in future timber supplies, either the 
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way we manage forests and view sustainability will change to accommodate this trend or the forest 
industry in many parts of the interior will be reduced to a shadow of its current size. The Alternative 
Harvest Strategy – Borrowing from the Long Term is an attempt to show the impacts of harvesting 
more managed stands at a younger age in order to boost mid term timber supply.  While promising 
given the potential to increase mid-term timber supply, there are also potential impacts on future timber 
supply and habitat values which must be better understood. The investigations within this Type 2/3 
project only illustrate the potential opportunities and while the future timber supply and habitat supply 
impacts are demonstrated there are outstanding uncertainties that must be addressed. 

 

Status of, and strategies for TFL 18 

TFL 18 has relatively more mixed species mature stands compared to other management units 
impacted by the MPB.  As a result, the impacts of the MPB infestation on the mature forest, while 
significant, are not predicted to be as devastating as they will be in other areas of the interior.  With 
proactive management of NRLs, there is a good opportunity to minimize the volume losses which will 
in turn maximize the recovery of economic fibre in the short term and minimize the mid term timber 
supply effect of having significant NRL areas.  Considering that salvaging NRL areas is the most 
efficient way to facilitate reforestation, this treatment should be prioritized which will also ensure future 
managed stands come on line sooner.  Developing and selling of small pine stands and selectively 
logging dead pine from mixed stands are good examples of treatments to satisfy this strategy. 

Despite a strategy of minimizing NRL areas, MPB induced losses are predicted to occur within TFL 
18.  Some of these stands may successfully regenerate naturally but others will likely require 
rehabilitation including some sort of site preparation and planting. Identification of potential treatment 
areas and planning for treatments should occur over the next 5 to 10 years as the MPB runs its course. 

Unlike many areas in the northern interior, there is not expected to be a significant increase in the future 
fire hazard associated with the MPB epidemic for TFL 18.  The expected low amount of NRL areas 
and predominance of mixed species stands and extensive access.  Therefore, at this time, no significant 
treatments are expected to be required to deal with an increased fire hazard. 

In order to achieve the forecasted post MPB harvest (mid-term timber supply), stands with significant 
components of balsam will need to be harvested during the mid-term. Given the current markets, stands 
dominated by balsam may not be economically viable to harvest or will result in significantly reduced 
financial yields.  The uncertainties of utilization of mature to near mature balsam leading stands needs 
to be addressed.  While the stand level assessment of treatments in IU balsam stands resulted in little 
cost effective gains, Canfor would like to maintain the opportunity to propose future viable treatments 
if they can be identified.  It is recommended this opportunity be investigated further with the 
development of an IU balsam strategy. 

According to Canfor’s silvicultural records, most of the existing young natural and managed stands 
exhibit suitable species diversification, have moderate densities and are relatively healthy.  Considering 
this, these stands are expected to produce good quality fibre and maximize the opportunities for future 
utilization.  The yields and qualities of these stands will be critical to the mid-term, post MPB harvest. 

However, there are about 1400 hectares of pine stands about 15 to 30 years old, which were established 
after some moderate sized fires or were planted exclusively to pine in the 1980’s.  These young pine 
dominated stands are expected to be moderately to heavily attacked by the MPB and as a result will 
likely require rehabilitation in 3 to 10 years.   

On the other hand, there are opportunities to utilize the deciduous components occurring naturally in 
many managed stand types in TFL 18.  Given current trends in deciduous solid wood utilization 
(especially birch) and non-solid wood (of aspen) and a revised stumpage system, the utilization of 
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hardwoods should definitely be considered to boost future volume and value recoveries from stands in 
the ICH and SBS.  As deciduous volumes are not assumed to be fully utilized in the Type 2 Base Case, 
deciduous utilization will also improve mid-term timber supply. 

Due to the mixed species nature of the existing young stands and the predicted impacts of the MPB on 
pine stands, there are limited opportunities for fertilization in the short term for TFL 18.  A small 
amount of opportunity areas are likely for treatment but this will result in a negligible effect on timber 
supply. 

TFL 18 has an existing extensive road network and generally favourable terrain.  As a result, harvesting 
and silviculture treatments can be implemented cost efficiently. 

TFL 18 does not have significant backlog NSR.  There will likely always be a need for some brushing 
and small-scale rehabilitation of problem sites but these are not imperative to timber supply or a 
significant issue. 

According to the current reforestation plans for the main sites (zonal and near zonal sites), future stands 
will exhibit a suitable mix of species diversification and moderate to high densities.  Significant natural 
infill occurs on many sites, which together with an aggressive planting program, will result in very 
desirable stands for volume and value production and minimal risks from forest health. 

Depending on the forest level strategy for the mid term harvest, it may be possible to reduce planting 
densities on some sites without significantly reducing future yields or changing species mixes to 
improve yields and/or values.  There also may be economic opportunities to modify logging practices 
(patch size, methods, season) to increase the amount of natural infill on site. 

There are not predicted to be significant impacts on habitat by following the base case or alternative 
harvest strategy scenarios. 

 

Summary of Short term Strategies for TFL 18 

• Fertilization:  Identify the available candidate stands and if possible treat them.  Conduct 
fertilization screening trials on Fd and Sw stands of various ages on the main site types. 

• Treatment of young NRL areas: identify heavily impacted young stands as early as 
possible through surveys.  Develop appropriate treatment plans and rehabilitate the 
candidate stands as soon as possible (2 to 5 years). 

• Treatment of mature NRL areas:  Assess and monitor potential mature NRL stands for 
advanced regeneration and expected natural infill.  Develop a treatment plan matrix.  Be 
prepared to implement treatment plans in 5 to 10 years. 

• Young stand/ Backlog surveys: 

• Managed and young stand inventory and growth and yield monitoring:  Stands currently 
20 to 80 years old will be very important to mid term timber supply.  Analysis 
assumptions about the current state of these stands and their growth performance will be 
critical.  This process will provide a more reliable database for future timber supply 
analysis and identifying treatment areas for future intensive silviculture opportunities. 

• Basic reforestation strategies:  review planting densities and species mixes. 
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Summary of Long term Strategies for TFL 18 

• Fertilization:  After the MPB epidemic subsides, stands dominated by mixes of 
Pl/Fd/Sw on the appropriate sites will be eligible for treatment.  This would be expected 
to start occurring in 10 to 20 years.  Eligible stands could be treated every 5 to 10 years.  
Based on current reforestation practices the amount of area for treatment could grow to 
be substantial.  The economics of treatment could be substantially improved when a 
forest level cut effect is considered (as per our alternative strategy).  This situation 
warrants forest level financial analysis and decision-making. 

• Strategies to generate some larger piece sizes:  Analysis of the use of commercial 
thinning to create a component of larger logs.  The alternative would be to leave some 
stands for longer rotations. These treatments are not required in the short-term due to the 
MPB harvest uplift. 

 

9.2 Habitat Supply Strategies 

The habitat supply results for the base case and natural disturbance scenarios illustrate significant and 
seminal steps forward to meaningful habitat supply analysis and therefore contribute toward truly 
integrating habitat supply modelling with forest/stand level timber supply modelling.  It should be 
understood that TFL 18 is a relatively small tree farm licence and as such the management of habitat 
should be considered in conjunction with adjacent management units. 

Although we detected minor differences in the silviculture strategies, for the most part we did not 
consider the differences to be significant enough to warrant intensive investigation or modification of 
specific strategies.  More generally however, habitat conditions that exist now, or those that were 
forecasted to exist under future disturbance scenarios, were predicted to occur at lower values than 
would be expected in the region under the assumed conditions of natural disturbance.  However, we 
could not detect any long-term continued decline in values and therefore concluded that most values 
would be sustained under the strategies that we assessed.  In a couple of specific cases (i.e., marten 
winter range and black bear summer/fall range), we noted significant reductions in values that were 
most likely the result of historic or proposed forest development.  Based on these initial results, it is felt 
that there are at least a couple of opportunities for setting new silviculture objectives focused on 
improving (i.e., marten) and maintaining (i.e., black bear) habitat within TFL 18.  The following 
synthesis and strategy recommendations are provided. 

Marten habitat is currently lower in quality and quantity than predicted to occur under assumed 
conditions of natural disturbance and the base case timber supply maintains a similar habitat trend into 
the foreseeable future.  Based on the BBN structure, strategies that could improve habitat for marten in 
TFL 18 would include creating and/or retaining older seral, fir or spruce dominated forests in patches 
>20ha, positioned in or adjacent to riparian areas, especially where those patches occur in lower 
snowfall zones.  General spatial locations where such a strategy could be focused can be delineated 
from Figure 22.  As part of this strategy, the proponent may realize marten habitat improvements 
through scheduling forest-level development into even larger patch sizes, aggregating spatially, best 
marten habitat and then rotating this habitat temporally around the landscape.  More analysis would be 
required to estimate the optimum allocation of habitat for marten for the TFL, however at the stand-
level, piling coarse woody debris would provide a immediate marten habitat benefit.  Above all, and 
prior to confirming a focus for this silviculture strategy; the marten BBN should be field verified and 
the further synthesis with the model could likely bring clarity and resolution to the proposed strategy. 
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By comparison to marten, the strategy for black bear summer and fall habitat is in some ways almost 
the reverse of marten and therefore will occur in different geographic regions within the TFL.  Black 
bear habitat was assessed as currently being comparable to that which would occur from assumed 
conditions of natural disturbance but habitat value was projected to decline significantly in the short- 
and mid-terms.  Contrasting Figure 22 with Figure 23 shows how the habitat was projected to occur 
spatially over time.  As a part of the future silviculture strategy, the proponent could realize bear habitat 
improvements by scheduling forest development in small patch sizes with sufficient adjacent thermal 
cover.  To the extent possible, development should extend the early seral phases of mesic and hygric, 
rich sites; especially those that are expected to be berry producing and those that are in relatively cool, 
moist ecosystems.  At the stand-level, limiting the use of herbicide on some local sites would be 
beneficial for black bear along with implementing diversity in harvest block size, shape, and retention 
of advanced regeneration.  Again, prior to confirming a focus for this silviculture strategy, the black 
bear BBN should be field verified.  Also, more synthesis with the BBN would likely bring clarity and 
focus to the proposed strategy. 

Considering these recommendations, the proponent may also consider the “zoning concept” within the 
overall strategy, which would assist in the stratification and implementation of appropriate forest-level 
development to achieve the habitat goals for marten and black bear.  Although we assume 
implementation of riparian regulations will adequately address supply of riparian habitat, we also see a 
positive interaction between the marten strategy and future improvement of riparian habitats in general. 
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9.3 Treatment Summaries 

Table 19: Summary of treatments and effects 

Effects 
Management Action 

Current 
Opportunities Limitations Financial viability Stand-Level Timber supply Habitat supply 

Borrow from the long term Entire THLB Uncertainty about future 
managed stand 
productivity 

High. Investments in 
supporting growth & 
yield and analysis can 
be spread across the 
entire THLB.  

n/a large (~8%) increase 
in MTHL. small timber 
supply impact overall.  

Reduction in rotation 
length between 50 
and 100 years.  
OGMAs and other 
reserves not affected. 
No appreciable 
difference in habitat 
supply from Base 
Case. 

NRL prevention (Salvage)            

  Small Pine Stands 2400 ha (1) Current mill 
configuration not well 
suited to increased 
volumes of small piece 
size that would occur if 
harvest focused on these 
stands. Mill requires a 
balance of piece size. (2) 
Some areas may have 
poor regeneration 
potential. 

Moderate.  Harvest 
can be profitable, but 
volume must be sold.   

n/a 5,500 m3/yr reduction 
in MTHL if stands are 
left unsalvaged.  
Salvage and planting 
is the most efficient 
way to reforest these 
stands. 

 No appreciable 
difference in habitat 
supply from Base 
Case where there 
was a projected 
reduction in habitat 
values for black bear 
and continued 
depressed habitat 
values for marten. 

  >60 year old Pine Stands 1100 ha Marginal merchantability 
due to low volume and 
small piece size.  These 
stands are not suitable 
for Canfor’s current mill 
configuration. 

Marginal.  Harvest can 
be profitable, but 
volume must be sold.   

n/a Salvaging these 
stands displaces 
salvage of other 
mature stands. 
Nevertheless, net 
2,000 m3/yr increase in 
MTHL. 
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Management 
Action 

Current 
Opportunities Limitations Financial viability 

Stand-level 
effects Timber supply effects 

NRL rehabilitation          

  Young Stands (15-
60 years old) 

1500 ha Population is heavily skewed 
towards very young (15-20 year 
old) stands.  These stands are not 
expected to regenerate naturally. 

 Marginal to moderate.  
These stands are 
generally on medium to 
good sites. 

 Good response 
compared to the 
unmanaged case. 

 Rehabilitation can increase the medium 
term harvest level upto 8,000 m3 (4%). 

  

  Mature Stands 
(>60 years old) 

1200 ha  A portion of these stands are 
expected to regenerate naturally.  
The remainder will require 
treatment or will be a drag on 
medium term timber supply. 

  Marginal to moderate for 
medium to good sites. 

   Rehabilitation of up to 600 ha can be 
expected to increase the medium term 
harvest level ~2,000 m3 (1%) 

  

 

Fertilization           

  

  Treatment of 
Existing Stands of 

Sw and Fd (single) 

<800 ha Few stands currently have the 
appropriate species composition 
/age/site criteria to meet financial 
rate of return criteria. 

Marginal viability on the 
better sites with ages >60 
years for stands with 
>80% Sw and/or Fd.  

11 to 13 m3/ha 
(~2%) increase in 
harvest volume. 

Insignificant if applied to existing Sw/Fd 
candidate stands. 

  

  Full rotation 
(multiple) 

1900 ha Poor understanding of growth 
response to multiple treatments.  

Poor at the stand level.  
Potential for further 
benefits due to borrowing 
from the long term. 
Potential for further 
benefits due to borrowing 
from the long term. 

  Current Sx/Fd stands could yield 3,000 
m3/yr higher MTHL.  Also, Incremental 
volume of fertilization in the long term 
can be transferred to the medium term. 
Future Pl/Sw/Fd treatments may 
provide benefits to long-term volume 
borrowing. 
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Basic Silviculture  Majority of THLB  Reducing planting densities and 
relying on natural infill has some 
risks for compliance and timber 
supply. 

 Potentially significant.  
Opportunities for short 
term cost savings without 
significant impacts to 
medium term timber 
supply. 

 No significant 
negative effect in 
volume. 

 No significant negative effect in volume. 

  

Table 20. Treatment regimes, unit costs, total costs, employment factors, average and total treatments by year. 

Treatment 
Opportunity Area 

(ha) 
Unit Cost 

($/ha) 

 

 

Total Cost 
($) 

Employment 
Factor   

person day/ha

Annual 

Average 
Treatment 
Years 1- 5

Total 
Treatment/ 

Employment

Years 1- 5 

Total 
Treatment/ 

Employment 
Years 6-10 

NRL rehabilitation         

Young Stands (15-60 years old) (includes 
surveys, site prep and planting)  

1500 1250 1,875,000 2.8 200 1000/2800 500/1400 

Mature Stands (>60 years old) (includes 
surveys, site prep and planting) 

1200 (assess)   
600 (treat) 

60 (assess) 
1500 (treat) 

72,000 
900,000 

0.5 (assess)   
3.0 (treat) 

240       
120  

1200/600    
600/1800  

600/300       
-  

Fertilization (aerial) 400 350 140,000 0.1 80 400/40 200/20 

Young Stand/Backlog Surveys 3845 40 153,800 0.3 769 3845/1154 - 

Backlog Brushing 370 450 166,500 1.5 74 370/555 - 

Spacing/Conversion in Bl IU 2000 800 1,600,000 2 400 2000/4000 - 

 

Table 21: Additional recommended strategic projects. 
Project Description / Estimated Cost 

Review of Basic Silviculture Review natural infill patterns and opportunities to reduce planting densities and species mixes without significantly 
reducing timber supply.  Review opportunities to modify logging practices to increase natural infill;  $30,000. 

Managed and young stand inventory 
and growth & yield monitoring 

Update the inventory of stands ~20 to 80 years old, including Balsam IU, using VRI protocol.  Establish G&Y 
monitoring system and sample plan; Implementation of the sample plan; approx. $300,000 over 5 years. 

Fertilization Screening Trials Fertilization trials of Fd and Sw of various age classes and sites to get local response data.  This information 
would be used to support decision making on future treatments in and around TFL 18;  $10,000 to 20,000 per 
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year for 5 years. 

Analyze the future role of fertilization 
with the alternative harvest strategy 

Widespread fertilization could be used to support the alternative harvest strategy.  Multiple treatment of Pl/Sw/Fd 
dominated managed stands (every 5 to 10 years) after the MPB epidemic could support an allowable cut effect 
(ACE) and significantly improve the economic viability of significant fertilization;  $10,000 to 20,000. 

Habitat supply verification Conduct field assessments focused on validating input data and results of habitat supply modeling predictions of 
habitat values for black bear and marten.  Run controlled simulations to identify most probable silvicultural 
methods that, if implemented, would limit forest development impacts on habitat values for these two species. 

Development of Spruce Leader 
Weevil (White Pine Weevil) 
Management Standards 

In developing FSP stocking standards, Canfor require management standards for Spruce Leader Weevil (White 
Pine Weevil). Currently, there is a trade-off of retaining deciduous cover (aspen / birch etc) to reduce potential 
attack levels, and at what point it is beneficial to remove cover that is affecting seedling growth and accept the 
weevil growth loss.  

In order to develop these standards, the following tasks are required:  

• initial mapping of weevil risk, 

• data collection of attack levels, 

• monitoring program, and 

• development of a standard work procedure for management. 
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Appendix 1 Stand selection guide for forest 
fertilization - 2005 

 

Consider a stand’s site conditions, health, biodiversity and potential for integrated 
resource management in the selection process. Stand level activities should be consistent 
with forest level objectives. Evaluate candidate stands according to biological factors. 
Those stands that are biologically acceptable should then be checked for operational 
feasibility to ensure they can indeed be treated and are suitable for treatment. 

Species preference:  Douglas-fir and spruce.  

Age preference:    

Age Priority 

40 - 79 1 

15 - 39 2 

Site index:  
Douglas-fir responds on all sites.  
Spruce, select sites with SI in the range from 15 to 24. Avoid sites poorer than SI =15 or 
SI greater than 24.  

The live crown of the crop trees is greater than 30%, to utilize the added nutrients.  This 
may be dominant and co-dominant trees or a spaced or thinned stand. 

There should be room for crowns to expand, and the stand should be fully stocked.  

The height/diameter breast height (dbh) ratio for Douglas-fir should be less than 85. 
Avoid fertilizing conifer stands with a height/dbh ratio greater than 100. 

The following four operational factors should be considered during the evaluation of 
candidate stands.  

Location: Choose sites closest to communities as distance to haul the fertilizer affects 
transportation costs. Also, costs of future harvests are partly determined by hauling 
distances to manufacturing plants and markets.  

Access: Conditions of access also affect costs of transporting material and personnel in 
fertilizer operations, in addition to later expenses of hauling timber to manufacturing 
plants. Avoid areas, which require ferry or flights longer than 2km. 

Slope: Costs of future management and harvesting usually increase as terrain becomes 
more steep. Furthermore, flying over steep or irregular, contoured land may not be 
conducive to efficient and uniform aerial distribution of fertilizer.  
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Project and Block Size: Project and block sizes affect efficiency and cost of operation. 
Large-scale programs (e.g., >300 ha) are generally more cost effective than small-scale.  
(MOFR, 2005) 
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Appendix 2: Individual Bayesian Belief Models Used to Predict and Forecast 
Habitat Values on TFL18 
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Figure 61.  A Bayesian belief network used to predict the carrying capacity of spring range for black bears in TFL 18 
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Figure 62.  A Bayesian belief network used to predict the carrying capacity of summer/fall range for black bears in TFL 18 
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Reduce to low est density class
Reduce to middle density class
No effect

   0
   0

 100

SFU: S: Seasonal Forage Usefulness
>50% of max avail
Betw een 25-50% max avail
<25% of max avail
0% of max avail

12.5
50.0
37.5
   0

0.328 ± 0.2

HR: ML: Hunting regs for ungulate harvest
Liberal
Special LEH
Standard regs

   0
   0

 100

MC: S: Movement Cost
High cost
Moderate cost
Low  cost

   0
50.0
50.0

SFM: S: Silvicultural Forage Modifier
Improve
Maintain
Degrade

   0
 100
   0

IS: ML: Intensive Silviculture
Herbicide
Brush/Weed
Site Rehab
Fertilization
Spacing
Precomm_thin
Comm_thin
Prune
None

   0
   0
   0
   0
   0
   0
   0
   0

 100

BZOI: I: Basic Zone of Influence
Gt 75km
Btw  50 to 75km
Btw  30 to 50km
Btw  10 to 30km
Btw  2 to 10km
Lt 2km
Site

 100
   0
   0
   0
   0
   0
   0

ESFM: S: Early Seral Forage Modifier
Improve
Maintain
Degrade

   0
 100
   0

SHR: ML: Silvicuture (Harvest) Regime
Burn
Clearcut
Part Retention
No Disturbance

   0
   0
   0

 100

BS: ML: Basic Silviculture
Dragging for natural
Aerial seeding
Plant (high density)
Plant (low  density)
No Management

   0
   0
   0
   0

 100

LSFM: S: Late Seral Forage Modifier
Improve
Maintain
Degrade

   0
 100
   0

TR: S: Thermal Regulation
Not stressed
Potentially stressed
Stressed

 100
   0
   0

 

Figure 63.  A Bayesian belief network used to predict the carrying capacity of summer range for ungulates in TFL 18 
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ISG: I: Interception Spp Group (Spp FC)
Full Crow n Spp
Moderate Crow n Spp
Open Crow n Spp and all NP

 100
   0
   0

MR: I: Moisture Regime (25m DEM)
Very xeric to sub-xeric(0-2)
Sub-mesic (3)
Mesic (4)
Sub-hygric (5)
Hygric to sub-hydric (6-7)

   0
   0

 100
   0
   0

MCM: I: Macro-Climate - expected moist...
Subzone very dry
Subzone dry 
Subzone moist
Subzone w et
Subzone very w et
Subzone very w et cold

   0
   0
   0

 100
   0
   0

AMP: S: Actual moisture potential
Extr dry to mod dry
slightly dry
fresh
moist to very moist
w et to very w et

   0
   0

50.0
50.0
   0

MCSF: I: Macro-Climate - snow fall (m ear...
Very Deep
Deep
Moderate
Shallow
Very Shallow  

20.0
20.0
20.0
20.0
20.0

SIP: S: Snow Interception Potential     
60% reduced
30% reduced
No reduction

 100
   0
   0

CC: S: Carrying Capacity (#/1000 sq kms)
gt 50000
btw n 25 to 50
btw n 16 to 25
btw n 12 to 16
btw n 8 to 12
btw n 6 to 8
btw n 4 to 6
btw n 3 to 4
btw n 2 to 3
lt 2
zero

5.21
7.82
7.82
12.5
11.0
11.0
12.1
7.18
7.18
4.79
13.3

12400 ± 15000

MC: S: Movement Cost
High cost
Moderate cost
Low  cost

   0
50.0
50.0

MCSS: I: Macro-Climate - structural stage...
Attain Never
Attain Young
Attain Old

   0
 100
   0

SS: S: Structural Stage
ss 1-3
ss 4-5
ss 6
ss 7

   0
   0
   0

 100

WF: I: Wet & NonForested Features (NP F...
NP Sw amps
NP Veg
NP NonVeg
Other

   0
   0
   0

 100

ITG: I: Inventory Type Group (FC)
Potentially impermeable
Alw ays permeable

   0
 100

LCP: I: Landcover Permeability (BTM)
Permeable nonfor
Forests
Impermeable nonfor

   0
 100
   0

FP: S: Forest Permeability
Permeable
Impermeable

 100
   0

P: S: Permeability
Highly permeable
Mod permeable
Low  permeable
Impremeable

   0
 100
   0
   0

DTC: I: Distance to Cover (FC)
0
1 - 100
201 - 400
>400

   0
 100
   0
   0

TS: I: Terrain Steepness (% DEM)
< 40 % is best
40 to 80% is OK
> 80% is w orst

 100
   0
   0

SR: AI: Solar Radiation (Wh/m2 DEM)
>140,000 Wh/m2
<140,000 Wh/m2

50.0
50.0

SP: S: Shading Potential  
High
Low

 100
   0

SIWP: S: Solar Input Warming Potential
Warming influence
No w arming influence

30.0
70.0

IBS: I: Ice and Bare Sites (BTM)
Vegetated
Anything lacking vegetation

 100
   0

WFP: S: Winter Forage Potential
Tall shrubs
Low  shrubs
Grasses and forbes
Lichens
Non forage

 100
   0
   0
   0
   0

0 ± 0

SV: I: Subzone varient
ESSFdc2
ESSFw
ESSFw c2
ICHmk2
ICHmw 3
SBSdw 1
SBSmm
No data

   0
   0
   0
   0

 100
   0
   0
   0

MCSM: I: Macro-Climate - snowmelt (dd ...
Very Early
Early
Late
Very Late

25.0
25.0
25.0
25.0

SA: S: Snow Accumulation
< 1 m
Betw een 1 m and 2.5 m
> 2.5 m

69.5
15.5
15.0

FAE: I: Forest Age Effects (SA FC)
<20 yrs (1) and all veg NP
21 to 80 yrs (2,3,4)
81 to 140 yrs (5,6,7)
141 to 250 yrs (8)
>250 yrs (9)

   0
   0
   0

 100
   0

FSS: S: Final Structural Stage

EM_SS: I: Structural Stage (TEM)
ss 1-3
ss 4-5
ss 6
ss 7
No data

   0
   0
   0

 100
   0

SSI: I: Shade/Snow Interception (CC FC)
<30% CC
30 to 60% CC
>60% CC

   0
   0

 100

LSFM: S: Late Seral Forage Modifier
Improve
Maintain
Degrade

   0
 100
   0

BS: ML: Basic Silviculture
Dragging for natural
Aerial seeding
Plant (high density)
Plant (low  density)
No Management

   0
   0
   0
   0

 100

ESFM: S: Early Seral Forage Modifier
Improve
Maintain
Degrade

   0
 100
   0

SHR: ML: Silvicuture (Harvest) Regime
Burn
Clearcut
Part Retention
No disturbance

   0
   0
   0

 100

SFM: S: Silvicultural Forage Modifier
Improve
Maintain
Degrade

   0
 100
   0

EPI: S: Expected population impact
Reduce to low est density class
Reduce to middle density class
No effect

   0
   0

 100

HR: ML: Hunting Regs for Ungulate Harvest
Liberal
Special LEH
Standard regs

   0
   0

 100

US: I: Ungulate species
Moose
Elk
w t Deer
m Deer

   0
   0

 100
   0

SFU: S: Seasonal Forage Usefulness
>50% of max avail
Betw een 25-50% max avail
<25% of max avail
0% of max avail

26.1
36.7
23.9
13.3

0.363 ± 0.26

AAF: S: Abundance of Available Forage (k...
>.72
Betw een .18 and .72
<.18

52.1
21.3
26.6

FWFT: S: Final Winter Forage Type

EM_WFP: S: Winter Forage Potential (EM)
Tall shrubs
Low  shrubs
Grasses and forbes
Lichens
Non forage
No data

   0
   0
   0
   0
   0

 100

SNR: I: Soil Nutrient Regime
Poor (A B C)
Rich (C D E)
No Data

   0
 100
   0

SMR: I: Soil Moisture Regime
Xeric (0 1 2)
Mesic (3 4)
Hygric (5 6 7)
No Data

   0
   0

 100
   0

IS: ML: Intensive Silviculture
Herbicide
Brush/Weed
Site Rehab
Fertilization
Spacing
Precomm_thin
Comm_thin
Prune
None

   0
   0
   0
   0
   0
   0
   0
   0

 100

 

Figure 64.  A Bayesian belief network used to predict the carrying capacity of winter range for ungulates in TFL 18 
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DRIV: AI: Spatial density of rivers (82 ha)
More than 20ha w ithin 100m
Less than 20ha w ithin 100m

 100
   0

MCFR: I: Macro-climate - frozen rivers
ICH or IDF
Other

 100
   0

S: P: Season
Summer and Fall
Winter and Spring

 100
   0

OWI: I: Open water or ice above threshold
Open w ater
Ice
Neither

 100
   0
   0

DR: AI: Spatial density of roads (82 ha)
More than 20ha w ithin 100m
Less than 20ha w ithin 100m

 100
   0

MCSF: I: Macro-climate - snow fall (m ear...
Very Deep
Deep
Moderate
Shallow
Very Shallow  

   0
   0

 100
   0
   0

PSRA: R: Predator Search Rate Adjustment
100% increase
50% increase
no increase
50% decrease
100% decrease

   0
25.0
75.0
   0
   0

1.13 ± 0.22
 

Figure 65: A Bayesian belief network used to predict a seasonal adjustment to predator search rates in TFL 18 
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SFU: S: Seasonal Forage Usefulness
>50% max.
25 - 50% max
<25% max
0%

   0
 100
   0
   0

EPI: S: Expected population impact
Reduce to low est density class
Reduce to middle density class
No reduction

   0
   0

 100

HM: ML: Habitat Management
CWD piling
Snag retention
No management
No data

   0
   0
   0

 100

CH: S: Cover Habitat
Utilized >50% of time
Utilized 25-50% of time
Utilized <25% of time
Not utilized

87.5
12.5
   0
   0

CWD: S: Coarse Woody Debris (m^3 /ha)
>200
50-200
<50

   0
 100
   0

150 ± 0

SHQ: S: Security Habitat Quality
Meets >75% of requirements
Meets 50-75% of requirements
Meets 25-50% of requirements
Meets <25% of requirements

 100
   0
   0
   0

DHQ: S: Denning Habitat Quality
Meets >75% of requirements
Meets 50-75% of requirements
Meets 25-50% of requirements
Meets <25% of requirements

75.0
25.0
   0
   0

PS: I: Patch Size
Grtr than 20ha
Less than 20ha

 100
   0

TC: I: Tree Composition (FC)
Fir and Sx Dominant
Others Dominant

 100
   0

SSI: I: Shade/Snow Interception (CC FC)
<30% CC
30 to 60% CC
>60% CC

   0
   0

 100

BGCZ: I: BGC Zone (TEM)
ESSF
ICH
IDF/MS
SBS

   0
   0

 100
   0

S: S: Snags (#>30 cm dbh / ha)
>35
15-35
<15

 100
   0
   0

80 ± 0

TE: ML: Trapping Effort
Liberal
Regulated
None

   0
   0

 100

RPA: I: Relative Predator Abundance
High
Low

   0
 100

MCSF: I: Macro-climate - snow fall (m ear...
Very Deep
Deep
Moderate
Shallow
Very Shallow  

   0
   0
   0

 100
   0

SIWP: S: Solar Input Warming Potential
Warming influence
No w arming influence

50.0
50.0

SA: S: Snow Accumulation
< 1 m
Betw een 1 m and 2.5 m
> 2.5 m

 100
   0
   0

SP: S: Shading Potential  
High
Low

 100
   0

SR: AI: Solar Radiation (Wh/m2 DEM)
>140,000 Wh/m2
<140,000 Wh/m2

 100
   0

MCSM: I: Macro-climate - snowmelt (dd B...
Very Early
Early
Late
Very Late

   0
 100
   0
   0

WF: I: Wet & NonForested Features (NP F...
NP Sw amps
NP Veg
NP NonVeg
Other

   0
   0
   0

 100

FAE: I: Forest Age Effects (SA FC)
<20 yrs (1) and all veg NP
21 to 80 yrs (2,3,4)
81 to 140 yrs (5,6,7)
141 to 250 yrs (8)
>250 yrs (9)

   0
   0
   0

 100
   0

MCSS: I: Macro-climate - structural stage...
Attain Never
Attain Young
Attain Old

   0
 100
   0

FSS: I: Final Structural Stage

SS: S: Structural stage
ss 1-3
ss 4-5
ss 6
ss 7

   0
   0
   0

 100

EM_SS: I: Structural stage (EM)
ss 1-3
ss 4-5
ss 6
ss 7
No data

   0
   0
   0

 100
   0

ISG: I: Interception Spp Group (Spp FC)
Full Crow n Spp
Moderate Crow n Spp
Open Crow n Spp and all NP

 100
   0
   0

SIP: S: Snow Interception Potential     
60% reduced
30% reduced
No reduction

 100
   0
   0

PA: S: Prey Abundance
High
Medium
Low
Nil

   0
 100
   0
   0

CC: S: Carrying Capacity (#/1000 sq kms)
Betw een 1001-2000
Betw een 501-1000
Betw een 251-500
Betw een 125-250
Betw een <125
0

   0
8.75
36.3
48.7
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   0

267 ± 170

 

Figure 66: A Bayesian belief network used to predict the carrying capacity of winter range for marten in TFL 18
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Appendix 3: Future regeneration assumptions  

Yield 
Group Site Series

Net 
Decile 
Area 
(ha)

Pl Site 
Index 
(PSI) Ep At Hw Bl Cw Fd Pl Sx

Planting 
Density 
(sph)

Total 
crop 

density 
at FG 
(sph)

FG 
Density of 

Crop 
Trees at 
FG (sph)

TIPSY 
FG 

Density

Apprx 
age at 

FG
>40% 

Ingress
a ESSFvv/01 1,042 13 50 50 1,500 1,000 900 950 15 No
a ESSFvv/02 42 12 50 50 1,500 900 900 900 20 No
a ESSFvv/03 163 13 50 50 1,500 1,000 900 950 20 No
a ESSFvv/04 297 12 50 50 1,500 900 900 900 20 No
a ESSFvv/92 5 11 50 0 50 1,500 1,000 900 950 15 No
b ICHmk2/02 51 16 50 50 1,200 2,000 900 1,450 14 No
b ICHmw3/02 29 17 50 50 1,200 1,000 800 900 14 No
b ICHmw3/03 19 20 50 50 1,200 1,100 900 1,000 14 No
b ICHmw3/04 691 20 15 5 20 50 1,200 1,897 918 1,408 11 No
b SBSdw1/03 12 18 40 60 1,400 1,500 800 1,150 14 No
b SBSdw1/04 57 20 40 50 10 1,400 1,800 850 1,325 12 No
c ESSFdc2/02 43 13 20 80 1,500 900 900 900 20 No
c ESSFdc2/08 13 17 6 85 9 1,500 1,000 900 950 20 No
c ESSFdc2/91 6 14 6 0 0 85 9 1,500 1,000 900 950 20 No
c ESSFwc2/02 134 14 20 80 1,500 900 900 900 20 No
c ESSFwc2/09 101 13 20 80 1,500 700 600 650 20 No
c SBSmm/02 10 15 10 90 1,400 700 600 650 14 No
d ESSFdc2/01 1,611 18 99 1 1,500 2,325 1,100 1,713 10 No
d ESSFdc2/03 30 17 100 1,500 1,500 1,120 1,310 15 No
d ESSFdc2/06 458 20 2 95 3 1,500 1,500 1,100 1,300 10 No
d ESSFdc2/07 187 19 4 90 6 1,500 1,300 1,000 1,150 15 No
d SBSmm/03 149 18 10 90 1,400 1,200 700 950 12 No
d SBSmm/04 49 21 10 90 1,400 3,000 800 1,900 12 Yes
e ICHmk2/04 120 23 10 40 50 1,200 3,000 1,000 2,000 10 Yes
e ICHmw3/01 2,450 22 50 20 30 1,200 3,252 923 2,088 13 Yes
f ICHmw3/06 699 23 10 50 25 5 10 1,200 5,360 845 3,103 9 Yes
f ICHmw3/07 488 25 5 10 50 15 10 10 1,200 3,224 971 2,098 11 Yes
f ICHmw3/08 35 21 20 45 10 25 1,200 2,000 800 1,400 14 No
g ESSFwc2/01 11,075 19 20 5 75 1,500 3,968 980 2,474 10.5 Yes
g ESSFwc2/03 846 17 15 10 75 1,500 5,183 925 3,054 10 Yes
g ESSFwc2/04 0 18 15 5 80 1,500 2,211 911 1,561 10 No
g ESSFwc2/06 4,418 19 18 2 80 1,500 3,744 923 2,334 10 Yes
g ESSFwc2/93 2,612 19 20 5 75 1,500 3,968 980 2,474 11 Yes
g ESSFwc2/94 1,448 18 15 10 75 1,500 5,183 925 3,054 10 Yes
g ICHmk2/06 128 20 10 10 20 60 1,200 3,500 1,000 2,250 14 Yes
h ESSFwc2/07 398 21 100 1,500 3,212 894 2,053 11 Yes
h ICHmk2/01 3,353 22 10 20 70 1,200 4,467 1,015 2,741 9 Yes
h ICHmk2/05 1,233 25 3 7 20 70 1,200 5,228 1,104 3,166 9 Yes
I SBSdw1/08 72 25 10 10 20 60 1,400 1,000 800 900 12 No
I SBSdw1/09 68 20 20 20 60 1,400 1,000 600 800 14 No
j SBSdw1/01 858 22 20 40 40 1,400 2,500 1,050 1,775 10 No
j SBSdw1/05 8 21 20 40 40 1,400 2,000 900 1,450 10 No
j SBSdw1/06 22 24 10 50 40 1,400 2,300 1,100 1,700 10 No
k SBSdw1/07 342 23 5 10 40 50 1,400 2,500 900 1,700 10 No
k SBSmm/01 10,281 22 2 2 2 44 44 1,400 3,520 1,001 2,261 10 Yes
k SBSmm/06 2,648 21 2 50 50 1,400 2,676 1,144 1,910 9 Yes
k SBSmm/07 3,602 23 10 40 50 1,400 2,783 949 1,866 9 Yes
l ESSFwc2/08 1,510 18 40 20 40 1,500 900 800 850 20 No

m ESSFwc2/05 5,063 18 40 40 20 1,500 8,187 1,080 4,634 10 Yes
n ICHmk2/03 717 18 50 50 1,200 3,500 950 2,225 12 Yes
o ESSFdc2/05 793 18 1 74 25 1,500 1,516 1,120 1,318 10 No
p SBSmm/08 1,034 20 10 45 45 1,400 1,500 800 1,150 14 No
q SBSmm/05 1,191 19 3 3 44 50 1,400 4,961 944 2,953 10 Yes
r ICHmw3/05 345 22 96 3 1 1,200 2,333 1,050 1,692 11 No  
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Appendix 4: Age, Volume, BEC Summaries 

Base Case 

Area (ha) by Species component of stand 

    

BEC Variant Pine Spruce Balsam 
Douglas-

fir Hemlock Cedar Deciduous Total 

ESSFdc2 658 1,198 661 116 8 59 13 2,714

ESSFvv 45 604 423 33 6 32 1 1,144

ESSFwc2 4,303 10,835 9,089 773 56 448 117 25,621

ICHmk2 1,957 1,629 713 494 10 151 96 5,051

ICHmw3 1,311 1,481 1,214 357 15 150 48 4,576

SBSdw1 570 431 116 108 2 29 32 1,286

TH
LB

 

SBSmm 6,478 5,837 2,823 1,100 24 341 385 16,987

ESSFdc2 0 0 0 0 0 0 0 0

ESSFvv 144 166 135 17 1 5 1 469

ESSFwc2 25 218 169 12 2 5 1 432

ICHmk2 417 1,087 766 72 5 23 9 2,380

ICHmw3 125 196 77 82 2 14 42 538

SBSdw1 18 101 96 9 1 5 1 230

Ye
ar

 0
 

N
H

LB
 

SBSmm 60 67 14 6 0 1 9 158

ESSFdc2 840 867 290 90 2 15 44 2,149

ESSFvv 1 0 0 0 0 0 0 2

ESSFwc2 750 1,136 640 97 6 49 12 2,691

ICHmk2 45 605 426 31 6 31 1 1,144

ICHmw3 3,973 11,147 9,130 748 54 433 110 25,596

SBSdw1 1,692 1,874 716 500 10 151 93 5,037

TH
LB

 

SBSmm 1,285 1,492 1,192 362 20 174 48 4,572

ESSFdc2 540 477 106 103 2 26 29 1,283

ESSFvv 6,459 5,993 2,669 1,115 24 327 373 16,960

ESSFwc2 0 0 0 0 0 0 0 0

ICHmk2 144 166 135 17 1 5 1 469

ICHmw3 25 218 169 12 2 5 1 432

SBSdw1 416 1,088 766 72 5 23 9 2,380

Ye
ar

 2
5 

N
H

LB
 

SBSmm 124 196 77 82 2 14 42 538

Ye
a

r 5
0 

TH LB
 ESSFdc2 18 101 96 9 1 5 1 230
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ESSFvv 60 67 14 6 0 1 9 158

ESSFwc2 844 865 287 91 2 15 44 2,148

ICHmk2 1 0 0 0 0 0 0 2

ICHmw3 776 1,119 635 93 6 47 12 2,687

SBSdw1 40 607 428 31 6 31 1 1,144

 

SBSmm 3,544 11,498 9,211 733 54 430 104 25,574

ESSFdc2 1,524 2,042 710 503 11 153 90 5,032

ESSFvv 1,188 1,596 1,163 366 22 182 47 4,564

ESSFwc2 530 489 104 104 2 26 28 1,282

ICHmk2 6,078 6,502 2,477 1,165 26 330 346 16,923

ICHmw3 0 0 0 0 0 0 0 0

SBSdw1 144 166 135 17 1 5 1 469

 

N
H

LB
 

SBSmm 25 218 169 12 2 5 1 432

ESSFdc2 416 1,088 766 72 5 23 9 2,380

ESSFvv 124 196 77 82 2 14 42 538

ESSFwc2 18 101 96 9 1 5 1 230

ICHmk2 60 67 14 6 0 1 9 158

ICHmw3 844 865 287 91 2 15 44 2,148

SBSdw1 1 0 0 0 0 0 0 2

TH
LB

 

SBSmm 811 1,089 634 81 6 42 10 2,673

ESSFdc2 39 607 429 31 6 31 1 1,144

ESSFvv 3,240 11,819 9,241 688 51 417 96 25,553

ESSFwc2 1,522 2,069 697 493 10 151 89 5,031

ICHmk2 1,118 1,645 1,142 371 28 209 47 4,560

ICHmw3 502 506 107 112 2 27 25 1,281

Ye
ar

 1
00

 

N
H

LB
 

SBSdw1 5,893 6,730 2,399 1,202 28 333 320 16,906

ESSFdc2 0 0 0 0 0 0 0 0

ESSFvv 147 163 134 17 1 5 1 469

ESSFwc2 25 218 169 12 2 5 1 432

ICHmk2 416 1,088 766 72 5 23 9 2,380

ICHmw3 124 196 77 82 2 14 42 538

SBSdw1 18 101 96 9 1 5 1 230

TH
LB

 

SBSmm 60 67 14 6 0 1 9 158

Ye
ar

 2
00

 

N
H LB

 ESSFdc2 844 865 287 91 2 15 44 2,148
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ESSFvv 1 0 0 0 0 0 0 2

ESSFwc2 855 1,059 628 70 5 40 9 2,666

ICHmk2 37 601 443 28 5 27 1 1,142

ICHmw3 3,240 11,932 9,200 645 46 385 92 25,540

SBSdw1 1,557 2,081 675 479 10 142 87 5,030

  

SBSmm 1,193 1,615 1,051 386 33 230 48 4,556

 

 


