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1 Introduction 

1.1 Background: Quantifying Sustainable Forest Management 

Recent forest planning initiatives have sought to reflect stakeholder views as the foundation for 
appropriate management approaches. The resulting plans have suffered from a lack of scientific 
basis, including the viewpoints of experts and professionals using scientific rationales to create 
credible, effective approaches to sustainable forest management (Kneeshaw et. al. 2000). In 
addition, resource managers in government and industry face substantial uncertainty when making 
decisions regarding the development, management and conservation of resources. Addressing 
these challenges requires a scientific basis for assessing progress towards achieving sustainability, 
meaning that wherever possible, resource management planning and decisions are supported by 
clear, understandable and valid quantitative data. In the absence of data, literature reviews, expert 
opinion and peer reviews should support implementation. 
 
The significant land use objectives inherent in sustainable forest resource management are 
identified at the strategic level of planning using Criteria and Indicators (C&I). C&I are tools used 
to conceptualize, evaluate and implement sustainable forest management (Prahbu et. al 1999).  The 
use of C&I allows the quantitative assessment of the concurrent sustainability of a range of 
forestry-related values, at both spatial and temporal scales, that is meaningful for a specific 
management unit and is supported by scientifically credible data. 
 
Specifically, Criteria provide a clearly defined set of conditions by which sustainable forest 
management can be assessed.   Each criterion is characterized by a set of related Indicators that are 
measured and monitored periodically to assess change. Targets of desirable levels of the resources 
represented by the indicators provide quantifiable goals of sustainability.  This approach is 
intended to allow the monitoring indicators of sustainability over time to determine progress 
towards meeting targets and goals. In order for planners and decision-makers to meet the broad and 
localized goals of achieving sustainability for particular values at the strategic, tactical and 
operational scales of a forest management unit, it is necessary to be able to locate and evaluate 
(measure and monitor) the quality and quantity of specific resources to be maintained on the land 
base.  
 

1.2 Rationale: Indicator mapping as the foundation for quantifying sustainable forest management 

When spatializing management strategies and objectives, a management unit is generally separated 
into the non-harvestable and timber harvesting land bases. While the non-harvestable land base 
(NHLB) is often considered to comprise the inoperable areas within a management unit, it also 
contains productive land that contributes to meeting various social and ecological objectives 
(identified by indicators). This land includes areas such as parks, riparian reserves and inaccessible 
areas. The timber harvesting land base (THLB) generally has the largest amount of productive land 
and thus contributes the largest share of the economic objectives for a management unit. It also, 
however, contributes to established social and ecological objectives through elements such as 
wildlife trees, development of road systems for recreation opportunities, tourism opportunities and 
commercial botanical product extraction, and through the creation of early seral patches.  
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Assessing progress towards achieving sustainability means meeting indicator targets across the 
entire management unit as a whole and is based on contributions from both the NHLB and THLB 
over time. While all criteria are to be met over the entire planning area to which the C&I apply, 
they may not apply to all sub-units of the area or be weighted equally throughout the planning area.  
 
In order to begin the process of tracking the progress toward meeting the targets set for each 
indicator, an assessment must be made as to how management strategies on the NHLB and THLB 
are contributing to sustainability of the three values. This quantifiable assessment needs to be 
undertaken both temporally and spatially. Understanding the contribution of the NHLB towards 
meeting targets will allow managers to quantify target deficits and thus to develop best 
management practices in the THLB.  An analysis of current practices and their impacts on current 
conditions of indicators will ideally show that most, if not all indicators are sustainable over a 
credible temporal and spatial horizon.  Forecasting/modeling of current practices and the response 
of indicators to practices will then need to be undertaken periodically to ensure that indicators are 
within the target range of acceptability that defines a sustainable level. Finally, monitoring will 
ensure that the criteria are being considered operationally as well as to provide a feedback 
mechanism for indicator assessment and refinement.   
 
The development of an indicator map is the first step for assessing the current status of 
sustainability within a forest management unit and for designing temporally relevant scenarios of 
forest management strategies intended to achieve sustainability over the long term. The indicator 
map will assist in identifying areas that may require the development of best practices, innovation 
or scenario design as an alternative to current practice in order to mitigate target deficits for 
indicators. It will provide the essential foundation for the next steps of developing a protocol for a 
tracking system for temporal reporting on indicators as part of a monitoring program that provides 
meaningful feedback through adaptive management protocols.   
 

1.3 SFM Framework 

The intent of the indicator mapping approach has been to assess the effectiveness of mapping 
indicators of sustainability at a spatial scale within a broader sustainable forest management 
framework. Canfor has developed a sustainable forest management (SFM) framework that will 
quantifiably assess progress toward achieving sustainability objectives for forestry related 
ecological, social and economic values. The framework is intended to guide the development of 
SFM plans for each of its divisions through consideration of forest management issues at three 
interrelated scales: strategic, tactical and operational. The broad goals of the resultant plans are to 
be consistent with the SFM vision while meeting both the legislative and policy requirements 
defined by government through the Forest and Range Practices Act (FRPA) as well as any credible 
certification standards and processes. At a more localized level, the plans must retain flexibility to 
address the specific economic, social and/or environmental conditions within a given management 
unit.  
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1.4 The Study Area 

The Mackenie Forest District is located in the Southwest portion of the Prince George Timber 
Supply Area (TSA).  The total area of the Mackenzie  Forest District is 6.4  million hectares.  
Climatically, the Forest District is dominated by the Sub-Boreal Spruce biogeoclimatic zone, but 
also includes variants of the Engelmann Spruce-Subalpine Fir, Montane Spruce, and Sub-Boreal 
Pine-Spruce BEC zones.   

 

1.5 Regional Context 
The Mackenzie Timber Supply Area (TSA) is situated in the Northern Interior Forest Region of 
British Columbia. The TSA covers approximately 4.61 million hectares, making it the fourth 
largest TSA in the Province. The topography of the Mackenzie TSA is variable extending from the 
Rocky Mountain Trench, with flat to gentle terrain, running in a north-south trough through the 
centre of the TSA. To the east are the rugged Rocky Mountains and to the west are the more 
rounded Omineca Mountains. Williston Lake, a reservoir created by the W.A.C Bennett Dam (the 
largest reservoir in BC), is the most prominent feature of the area. Figure 1 illustrates the location 
of the Mackenzie TSA within British Columbia.   

 

The forests of the Mackenzie TSA are fairly homogenous, with a mixture of lodgepole pine, 
spruce, and sub alpine fir being prominent. Deciduous species are also common in the TSA. The 
TSA climate is dominated by cold weather with daily temperatures averaging below freezing for 
half of the year and three-quarters of the annual precipitation falls as snow2. In the most recent 
TSR (TSR II, 2001) about 71% of the Mackenzie TSA land base (2.71 million hectares) was 
considered Crown forest land, managed by the B.C. Forest Service (BCFS).  

 

The timber harvesting land base delineated in TSR II, was approximately 1.4 million hectares.  
Under Section 8 (3.1) of the Forest Act, the Chief Forester has postponed the AAC determination 
for the Mackenzie TSA until 2011. The Forest Act allows the chief forester to delay the normal 
five year allowable annual cut determination up to 10 years since the last review if, the current 
AAC is deemed to be stable with minimal risk to the short and mid-term timber supply and it is not 
likely to be changed significantly with a new determination.    

 

Figure 1 illustrates the location of the Mackenzie TSA within the province of British 
Columbia. Divisions of three major forest industry licensees operate within the Mackenzie 
TSA: Canadian Forest Products Limited (Canfor), Abitibi Consolidated Inc. (Abitibi) and 
British Columbia Timber Sales (BCTS). The TSA is separated into operating areas with 
Canfor and Abitibi within both the northern and southern regions of the TSA while BCTS’ 
operating area is predominately in the southern portion of the TSA (Figure 2). ).   
 
The Mackenzie DFA is a subset of the Mackenzie Timber Supply Area (TSA) and it is also 
the area where Canadian Forest Products Ltd. and BC Timber Sales operate within the TSA. 

Forest Ecosystem Solutions Ltd. 
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Table 1 Mackenzie TSA with the Province of BC 

 
 

Table 2 Total TSA Landbase Statistics 
Description Gross Area (ha) 

Total TSA Area  6,410,714  

Non managed by the crown  38,259.40  

Non-forested  2,419,713.54  

Total forested area managed by the 
crown 

 3,952,741.12  

Protect areas and Wildlands  886,507.02  

Crown Forest  3,066,234 
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Table 3 Mackenzie DFA within the Timber Supply Area 

 

Mackenzie DFA Area with the TSA 
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2 Methods 

The general method involved the following phases.   

1. Identify Measures 
Most indicators cannot be directly measured, and require a potentially elaborate suite of sub indicators 
and measures in order to be meaningfully quantified and mapped.  This phase involves identification 
of relevant measures for each of the indicators.  Input from the Public Advisory Group (PAG) is 
integral to this phase, and helps to ensure that the SFM Framework is made relevant to the particular 
circumstances of the management unit.  Input from local forestry practitioners and scientists, and from 
the larger scientific and technical literature, can be used to provide direction and refinement to the 
measures identified by the PAG.   

 
2. Review the Netdown Determination 
The netdown is a means of differentiating areas of land that are available for timber harvesting from 
those that are not.  In order to be consistent with timber supply forecasting, the netdown for indicator 
mapping should be as close as possible to the most recent timber supply analysis.  Nevertheless, the 
objectives of the SFM netdown differ from those of the timber supply netdown: while timber supply 
analysis is primarily concerned with timber harvesting land base, the purpose of the SFM netdown is 
to classify the management unit into land bases that have distinct management implications.  
Specifically, it is important that the determination of the timber harvesting land base and the non-
harvestable land base be as explicit as possible.   

 
3. Data Scoping 
The purpose of this phase is to determine the feasibility of each measure based on the availability of 
appropriate data.  This phase involves compiling the spatial and non-spatial information required by 
the SFM measures and netdown criteria identified in the previous two phases. Data compilation 
should involve the following steps: 

• For each measure or netdown criterion, identify all possible sources of data  
• Where a measure can be represented by several alternative/equivalent data sources, select the 

most appropriate.   
• Where a measure is not directly represented in available inventories, identify correlations and 

linkages using expert advice and a review of the technical literature. 
• Identify indicators/measures for which the analysis has already been completed. Review their 

methodology to determine if it is adequate to use as a surrogate for active indicator analysis 
 
Source coverages for the Mackenzie DFA Indicator mapping project are listed in Appendix B.  

 
4. Develop the indicator map list 
The purpose of phase 1 (Measures) was to determine measures for each of the indicators that are 
meaningful and locally appropriate.  However, several if not most of these indicators will not be 
feasible within the indicator mapping framework due to lack of appropriate data, or simply because 
they are not mappable at the tactical level. The purpose of this phase is to finalize the list of potential 
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measures into a suite of indicator maps. The following questions should be asked when evaluating 
whether an indicator or measure should be included in the indicator mapping project. 

• Is the indicator mappable, or is it intended to be measured non-spatially?  
• Indicator mapping is essentially a tactical analysis.  Is the indicator/measure meaningful and 

measurable at the tactical (landscape) level, rather than at the operational (stand) level? 
• Is there sufficient data and scientific understanding available for the indicator to be adequately 

quantified and mapped? 
• What is the relationship of the measure to other indicators and measures? Are the functions 

duplicated? Can the value of some measures be enhanced by combining them into an overall 
index for the indicator they represent? 

 
The outcome of this evaluation for each indicator should be an integrated suite of data layers that can 
be combined to maps that capture the intent of the localized SFM framework. 

It is also useful in this phase to identify the role that each data layer plays in the indicator mapping 
project.  Not all layers correspond to a measure.  Some layers are a synthesis of several measures into 
an index of risk or value that directly represents an indicator. Other layers may provide context for an 
indicator, while not actually being a meaningful indicator.  Certain layers provide spatial subunits for 
reporting on each measure.   Identifying the function of each layer early in the analysis helps focus the 
development of the indicator mapping suite.  

A description of each of the derived data layers developed for the Mackenzie DFA Indicator Mapping 
project is given in appendix C.   

 
5. Spatial Data processing 
Once the necessary data layers and their uses have been identified, the source data must be processed 
into a format that facilitates efficient analysis.  This involves dissolving inventories into the specific 
layers required for each indicator, and compiling all of the data layers into a spatial resultant database 
that can be used to investigate the relationships between layers.   

For the purposes of the Mackenzie DFA Indicator Mapping Project, the CSA Forescasting resultant 
was used. 

MSRM Data Standards 

Throughout this project, all GIS processing was carried out with adherence to published MSRM GIS data 
standards in mind.  However, we assumed that any source coverages, such as the resultant provided by 
Slocan Forest Products Ltd. were registered to existing topographic or planimetric data.  While all 
consequent GIS processing was done using double precision coverages, the finalized indicator coverages 
were converted to single precision and re-processed to comply with MSRM GIS data standards.  In 
particular, all Indicator Mapping Coverages have been checked for compliance as follows: 

• it is assumed that the source data coverages were registered to existing topographic or planimetric 
data 

• coverages are presented using MSRM Standard Albers Projection, NAD83 Datum 
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• coverages have been converted into single precision coverages 

• coverages have been named in compliance with GIS coverage naming schemes 

• metadata info files are attached 

• topology is clean, pseudo-nodes have been removed except where required by software limits 

• the internal AREA item has been reformatted from 12.3 to 16.0 

• coverages are indexed, both spatially and for key attributes 

Mapping is not covered by MSRM GIS data standards, but internal standards have been applied.  Those 
internal standards are of the highest standard, and designed in such a way that every map produced is 
complete not only in terms of content but also in terms of associated metadata such as credits, legend, 
references etc.  Of course, consistency in the mapping of the indicators, such as layout, color schemes, 
metadata listed on the maps etc. has been achieved. 

 
6. Indicator Analysis 
This phase is an investigation of the interactions between the data layers.  An important component of 
this phase is the classification of the management unit into spatially explicit land bases using the SFM 
netdown.  Once the netdown has been finalized, the distribution of indicators and measures can be 
assessed amongst different spatial subunits.  Although some subunits are more meaningful for certain 
indicators than for others, a standard set of subunits was used for this study: 

• SFM Land bases (4 subunits: THLB, NHLB, NCLB, and excluded areas) 
• Natural Disturbance Subunits (7 Subunits: D1-D7) 
• Coarse-Filter Ecosystem Groups (25 Subunits) 
• Licensee Operating Areas (6 Subunits) 

 
Standard output tables are provided in an accompanying MS Excel spreadsheet. In addition to these 
hard copies, the SFM Database was structured to allow for future modification and customized 
queries.  Indicators and measures were isolated into separate tables that can be linked to provide 
increased flexibility of reporting.  Sample queries are provided to allow the user to reproduce the 
reports presented in this study.   

 
7. Mapping 
The mapping phase compiles the input data layers, as well as layers that were generated during the 
analysis phase, into a series of maps.  Mapping can occur at any scale, but maps for this project were 
standardized scale.  Maps are presented as companions to this report.  A list of indicator maps 
completed as part of this project is provided in appendix D.   
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3 Determination of the Non-Harvestable Land Base 

The differentiation harvestable land from non-harvestable land is fundamental to SFM Indicator 
Analysis.  The process of determining the non-harvestable and harvestable areas is a netdown 
procedure very similar to a timber supply netdown, in which stands ineligible for harvest are 
sequentially removed from the Timber Harvesting Land Base (THLB) and transferred to the Non-
Harvestable Land Base (NHLB).  To ensure consistency with the most recent timber supply analysis, 
the inputs and assumptions of the ecosystem representation netdown are based on the 2007 Mackenzie 
DFA CSA Forecasting resultant.  The netdown is based on TSR2 (BC MoF 2001), with some minor 
modifications.  Appendix A gives a detailed documentation of the Netdown methodology.  

Where the Timber Harvesting Land Base is of primary importance in a timber supply netdown, the 
primary goal of the SFM netdown is to create land bases that have distinct management implications.  
The netdown for SFM Indicator Analysis divides the Mackenzie DFA into four main land bases: 

Exclusions from study area—Urban, private, and agricultural lands were not included in the study 
area.  These exclusions comprise private land, woodlots, crown land plan exclusions, and community 
leases.  These areas were not included in the study area primarily because there is no ecosystem 
mapping, but also because government and licensees do not have substantial influence over 
management for biodiversity values in these areas.   

Non-Contributing Land Base (NCLB)—The non-forested portion of the land base.  The NCLB 
includes non-forested areas such as lakes, rock outcrops, wetlands, and roads.  It also includes non-
commercial brush (NCBr), which is potentially productive land that is in a relatively stable non-
forested state. 

Non-Harvestable Land Base (NHLB)—The portion of the forested land base where harvesting will 
not occur according to current forest practices.  The NHLB includes parks, Riparian Reserve Zones, 
stands with sensitive soils or poor regeneration potential, and stands that are inoperable for reasons of 
worker safety or merchantability.   

Timber Harvesting Land Base (THLB)—Forested land that is harvestable according to current 
forest practices. In addition to unconstrained areas, the THLB also includes areas where partial 
harvesting will occur (such as in riparian management zones) and areas where the spatial location of 
constraints is currently not known (such as wildlife tree patches and some recreation areas).  These 
latter areas are called the "Constrained THLB."  

The SFM Netdown is summarized in the table below 

Table 4 Netdown Table 
Land classification Area (ha) Net reduction (ha) 

Total DFA area 2,117,199  

Land not managed by the BC Forest Service 33,297 33,297 

Kemess powerline and mine site 2,648 1,457 

Non-forest or non-productive forest 482,727 479,862 

Current Roads, trails, and landings 7,069 6,829 

Net Reduction to Total Area  521,445 

Crown Forest Land Base (CFLB) 1,595,754  



Canadian Forest Products Ltd.                          SFM Indicator Mapping for the Mackenzie Forest District 

Forest Ecosystem Solutions Ltd. 
#210 – 275 Fell Avenue, North Vancouver BC, Canada V7P 3R5 
tel 604-998-2222     fax 604-986-0361 

11

Parks and Protected Areas, Wildland 14,519 12,184 

Non-commercial_cover 10,761 10,442 

Inoperable 12,536 2,167 

Special_Planning Cells 19 0 

Environmentally Sensitive Areas (ESA) 190,920 183,814 

Non merchantable stands 76 18 

Balsam marginal 219,821 112,820 

Spruce marginal 21,709 13,373 

Pine marginal 35,491 26,431 

Deciduous marginal 6,216 3,512 

Deciduous far 40,910 33,634 

Problem forest types 74,780 42,664 

Low volume stands 235,326 66,155 

Low productivity stands 121,890 44,549 

Wildlife Habitat Areas (WHA) 43 35 

Ungulate Winter Range (UWR) 49,745 7,925 

Wildlife Tree Patches (spatial) 8,093 6,681 

Wildlife Tree Patches (non-spatial) 73,679 35,821 

Riparian 151,803 71,236 

Net Reduction to CFLB  673,461 

Current timber harvesting land base 922,293  

.   
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4 Indicator Summaries 

4.1 Value: Ecological 

4.1.1 Criterion 1: Biological richness and its associated values are sustained in the defined forest area 
(DFA) 

Indicator 1-1: Ecologically distinct habitat types are represented in an unmanaged state in the 
DFA to sustain lesser known species and ecological function 
 
Rationale 
Maintaining ecosystem representation in non-harvestable areas is a coarse filter approach that is 
intended to manage for the array of species that we have no knowledge of, provide a buffer for species 
that are managed for within the harvested land base, and preserve unmanaged benchmarks for 
monitoring the ecological effects of human activities (Wells, Haag, and Braumandl 2003). Knowledge 
of the state of representation of individual ecosystems allows managers to set habitat priorities within 
the Timber Harvesting Land Base.  

Table 5:  Representation of coarse-filter habitat groups.   
 
Species Total Area 

(ha) 
CFLB Area 

(ha) 
Mountain Goat 10,712 2,528
Mountain Caribou 
Approved 

2,890 2,680

Mountain Caribou Draft 24,278 22,345
Northern Caribou 
Approved 

34,613 21,256

Elk Approved 2,846 2,489
CDC Blue listed 5,484 582
CDC Red listed 19,466 12,349
Total 100,289 64,229
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Indicator 1-2: The amount, distribution, and heterogeneity of terrestrial and aquatic habitat 
types elements and structure important to sustain biological richness are sustained 
Indicator 2 is considered a “coarse” to “medium filter” approach, that involves both landscape-level 
components and stand-level habitat components.  Indicator 2 is intended to compliment indicator 1 by 
focusing on key habitat elements and landscape structures that can be manipulated or impacted by 
forest management and with which a large portion of vertebrates are likely associated.  
 
Six key habitat types for terrestrial vertebrates have been identified by Bunnell et al. (1999, Bunnell 
2000).  These include dead and dying trees, downed wood, riparian habitat, hardwoods, shrubs and 
seral (structural) stages.  Most forest-dwelling vertebrates in the Pacific Northwest require one or more 
of these habitat elements (Bunnell et al. 1999).  If species are associated with particular forest 
elements, biological richness may be maintained through the retention and enhancement of these 
elements (Bunnell et al. 1999; Bunnell 2000). 
 
Subindicator/measure 1-2.1: Structural stages  
Though many species are more abundant and productive within stand of particular ages, if it not 
necessarily the age of the stand to which species are responding, but particular features of the stand 
that tend to be abundant at that age.  For example, species more abundant in early seral stages usually 
are responding to abundant and diverse herbaceous vegetation associated with early seral stages.  
Species that are more abundant in late seral or successional stages often are responding to features 
such as large live trees, or large snags (Bunnell 2002).  
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The ability to monitor and forecast structural stage of management unit forests is linked directly to the 
reliability of the forest cover inventory.  Assuming the inventory is reasonable, structural stages can be 
estimated using seral stage, crown closure, tree species and data on retention strategies for cutblocks.   
 
Table 6:  Percent of the SFM Land Bases in various structural stages 
BEC Zone Old Mature Young NCBR and 

NSR 
Total 

AT 220 81 58 0 359 
BWBS 44,159 52,113 52,186 3,266 151,724 
ESSF 443,702 191,925 173,355 12,314 821,296 
SBS 180,001 95,680 322,017 12,277 609,975 
SWB 9,057 2,520 700 123 12,400 
Total 677,139 342,319 548,316 27,980 1,595,754 
 
Subindicator/measure 1-2.2: Seral stages 
 
Rationale 
As discussed above, species abundance results from responses to structural features of a stand.  
Though these responses may not be strongly related to the average stand age or forest cover age 
classes, knowledge of the relationship between species abundance and seral stage can assist 
practitioners in managing towards a desired seral stage distribution within the defined management 
area (Bunnell 2002). 
 
The ability to monitor and forecast the seral stage of management unit forests is linked directly to the 
reliability of the forest cover inventory.  Assuming a high level of accuracy in the inventory, seral 
stages in even-aged stands are relatively easy to map and forecast.  In general, the age classes present 
in a MU are grouped into three or four seral categories that are aged over time. Temporal patterns of 
changes in seral stage distribution should reflect the influence of management activities as well as 
natural disturbance events.  
 
Table 7: Seral stage definitions based on Phase-II adjusted inventory age 

Seral Stage 
Age Range by Natural Disturbance Unit 

Moist Interior - Plateau Moist Interior - Mountain 
Young 0-20 0-20 

Immature 21-80 21-100 
Mature 80-120 100-140 

Old 120+ 140+ 
 
Subindicator/measure 1-2.8: Deciduous 
 

Rationale 
Like snags or downed wood, hardwoods provide three broad resources to forest-dwelling 
organisms: foraging sites, places to rear young (including cavity sites), and substrate for non-
vertebrates.  They provide these resources differently than do conifers because of differences in 
their leaves, back, and wood.  Both vertebrate and non-vertebrate species respond positively to 
these differences.  In general, hardwoods play an important role in promoting species richness, 
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including riparian areas as well as make specific contributions as foraging sites, locations to rear 
young, and substrate. Based on the forest cover data in the resultant, each CFLB polygon was 
classified into species group. The groups are based on the 2 leading species, eg Pine, Pine and 
Spruce, Pine and Deciduous 
 

Table 8: Species cover in each coarse-filter ecosystem group 
  
Species Grouping AT BWBS ESSF SBS SWB Total 
Aspen/Cottonwood 3 13,422 5,012 38,371 24 56,832 
Aspen/Cottonwood and 
Birch 

 494 598 9,383  10,476 

Aspen/Cottonwood and 
Black Spruce 

 103 5 394  502 

Aspen/Cottonwood and 
Fir 

 316 1,175 1,744  3,235 

Aspen/Cottonwood and 
Pine 

 12,969 8,818 37,569 14 59,370 

Aspen/Cottonwood and 
Spruce 

 7,583 4,340 26,397 89 38,410 

Birch  310 432 3,282  4,024 
Birch and Black Spruce    23  23 
Birch and Fir  43 113 1,022  1,178 
Birch and Pine  42 460 2,599 26 3,127 
Birch and Spruce  282 578 10,200  11,059 
Black Spruce  2,584 582 5,852 371 9,389 
Black Spruce and Fir  151 172 60  383 
Black Spruce and Pine  2,172 363 3,650 7 6,192 
Fir 263 1,971 293,440 11,356 4,081 311,112 
Fir and Pine 3 1,911 31,723 7,375 537 41,549 
Fir and Spruce 65 7,718 164,042 43,925 3,299 219,049 
Mixed Spruce  2,315 686 2,770 222 5,994 
Pine  41,230 99,999 208,039 308 349,575 
Pine and Spruce 2 28,703 69,230 82,857 689 181,479 
Spruce 25 24,138 127,213 100,829 2,609 254,813 
NSR/NCBR  3,266 12,314 12,277 123 27,980 
Total 359 151,724 821,296 609,975 12,400 1,595,754 
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Subindicator/measure 1-2.9: Road density 
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Rationale 
Road density is used as a proxy for several other indicators, such as risk of exotic species invasion, 
that relate to Indicator 1-2 as it has the potential to direct affects variables such as patch size and edge 
contrast. Road density denotes the extent of both past and projected management activities (Bunnell 
2003) and may provide important baseline information when assessed in conjunction with maps of 
ecosystem representation and unique features and places.  

     

Table 9Summary of Road Areas (ha) for Mackenzie DFA 
BEC Zone THLB NHLB CFLB EXLB Total 

AT 0 0 0 0 0 

BWBS 1,322 258 1,579 63 1,642 

ESSF 2,578 263 2,840 108 2,949 

SBS 8,094 750 8,845 733 9,578 

SWB 9 5 14 1 15 
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Total 12,002 1,276 13,278 906 14,184 
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Figure 1 Summary of Road Areas (ha) for Mackenzie DFA 
 

4.1.2 Criterion 2: The productive capability of forest ecosystems within the Timber Harvesting 
Land base (THLB) is sustained 

Whenever a forest is harvested, the site is reverted to an earlier stage of successional sequence. This 
is often both economically and ecologically appropriate in terms of favouring a particular species, 
but if the disturbance is excessive, it can be damaging in terms of future forest productivity 
(Kimmins, 1997). The key to sustaining forest ecosystem productivity requires determining and 
designing forest practices that will maintain key resources so that harvesting does not cause 
continual degradation of the site condition over long time periods.  To do so, one must understand 
the processes, functions and attributes of forest ecosystems that must be sustained under this 
criterion of sustainable forest management (Kimmins, 1997).   
 
The intent of Criterion 2 is to design a strategy that will allow forest companies to derive economic 
benefits from the forest, in terms of timber production, indefinitely.  This requires maintaining the 
capability of sites within the timber harvesting land base to supply forest products, without 
compromising the essential processes and attributes of the forest ecosystem that ensure the 
sustainability of a range of other values (such as habitat provision and non-timber benefits). The 
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indicators and measures selected must credibly assess how this objective is being achieved on the 
land base over the long term. 
 
Criterion 2 quantifies biomass production by measuring the growing stock (both commercially 
useable and non-commercial biomass) in the THLB as well as the site resources, essential for 
ecosystem function, themselves.   The assessment is made on the land base designated for wood 
production as, in this context, SFM is concerned with maintaining ecosystem productivity on land 
impacted by anthropogenic activities.   

 

Indicator 2-2: Productive landbase loss as a result of forestry activities is minimized. 
 
The most appropriate method of measuring forest ecosystem productivity is to estimate net primary 
productivity of a forest stand.  This is approximated by measuring the site index of each forest stand.  
Site productivity was classified as good, medium or poor based on site index and inventory type 
group. 
 

Rationale 
Site index is an expression of the forest site quality of a stand defined as the height of the dominant or 
codominant trees in a stand at a specified age. Site index equations are calculated for individual 
species using mensurational data.  It is commonly used as an index of site productivity as it infers that 
trees or stands with greater growth at a given age have access to more key resources required for 
biomass creation.  The higher the site index for a given species in a give region, the higher the 
productivity or quality of the site.   
 
The map generated for this interim measure of ecosystem productivity compares a range of site index 
values (Inventory SI, SIBEC, and those derived from an elevation model).  The resultant mapping 
reveals regions of relative uncertainty in productivity estimates across the DFA.  This information will 
assist practitioners in identifying regions where there may be higher level of risk to actual productivity 
levels given the lack of accurate information. 
 
Table 10: Average inventory site index of coarse-filter ecosystem groups, in the NHLB and in 
the THLB.   
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Species Bec Zone Good Medium Poor Total
AT 3 3
BWBS 4,676 15,796 20,472
ESSF 1,983 9,233 11,217
SBS 42,727 28,292 71,019
SWB 54 54
AT 6 47 265 318
BWBS 2,114 2,200 606 4,920
ESSF 42,286 119,797 216,161 378,243
SBS 12,672 9,390 4,699 26,760
SWB 1,005 1,905 2,869 5,779
AT 0
BWBS 527 527
ESSF 156 769 925
SBS 7,265 5,535 12,800
SWB 0
AT 0
BWBS 22,786 30,546 16,690 70,021
ESSF 31,648 69,104 66,702 167,453
SBS 128,316 117,801 41,600 287,717
SWB 43 311 525 879
AT 0
BWBS 301 881 1,182
ESSF 44 28 72
SBS 2,001 1,143 3,144
SWB 10 4 14
AT 3 36 39
BWBS 9,954 36,950 7,693 54,598
ESSF 19,701 136,158 107,518 263,378
SBS 64,510 121,682 22,307 208,499
SWB 273 2,487 2,915 5,674
AT
BWBS 3
ESSF 8
SBS 36
SWB

Total 394,476 648,381 552,850 1,595,754

Poplar/ 
Cottonwood

Spruce

Other

Aspen

Balsam

Birch

Pine

 
 
 
4.2 Value: Economic 

 

4.2.1 Criterion 4: The flow of economic benefits from forests through the forest industry is sustained  

For many rural communities in BC, timber harvesting, milling and management provides the 
largest economic benefit within a management unit.  SFM plans and practices have the potential 
to substantially impact the economic value of timber products from an area, and thus this issue 
warrants its own criterion.  This criterion measures the direct economic benefits derived from 
timber products for a management unit.  Sustaining the economic benefits that come from the 
forest industry is one of the keys to community stability in rural BC.   The concept of “flow” is 
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used to highlight that there are a number of different types of economic benefits for different 
groups. 

 

Indicator 4-1: Timber harvesting continues to contribute to economic well-being 
 
This indicator measures the ‘augmented income’ or economic value of timber products from the 
management unit under a particular SFM plan. It reflects the total economic value of timber products 
from the area as the total value of timber products. Timber products are measured at the logyard stage, 
not as final products, as tracing log flows and production costs would be very difficult and costly. 
Total log values are based on the amount of logs of each species and diameter (quality criteria would 
be added if available), and the purchase price of these types of logs. Net log values would be 
calculated by deducting delivered log costs, which includes planning, road construction, harvesting, 
hauling and silviculture costs, from total log value.  
 
Measure 4-1.1: Timber supply certainty 
 

Rationale 
Timber supply certainty is usually described in terms of the allowable annual cut (AAC) for an 
individual licensee as approved by the Ministry of Forests (MoF).  The current AAC is established 
every five years and forecast over 250 years.  The value of the timber supply can be estimated to link 
the timber to the economic values for a management unit.   
 
Risks to that timber supply or AAC can be mapped and forecast in order to assess sustainability of the 
timber supply  over time.  Key uncertainties include fire risk, mountain pine beetle risk (depending on 
species) and any potential land use conflicts that could reduce the area available for harvesting. 
 
Measure 4-1.2: Age relative to MAI culmination age 
 

Rationale 

Currently, the MoF sets harvestable age criteria for different species.  Age class distribution is 
relatively easy to map and thus when a stand is available for harvest can be identified through time 
and shown on a map.  This will help assess the flow of available timber over time.  Constraints to this 
measure include the reliability of the inventory data and uncertainty around natural disturbance events 
or agents. 

 
4.2.2 Criterion 5: The flow of marketed non-timber economic benefits from forests is sustained 

 
The forests of BC provide a host of commercial uses across the province.  Commercial uses are 
those for which there is a marketplace and thus those that generate economic benefits.  This 
criterion measures the economic benefits from identified non- timber products.  Forest 
management must recognize the existing, and potential, economic benefits that can be derived 
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from area forests beyond the primary forestry industry including tourism, mining, guiding, 
trapping and botanicals.  SFM plans and practices have the potential to substantially impact the 
economic value of non-timber products from an area, and thus this issue warrants its own 
criterion.  The concept of “flow” is used to highlight that there are a number of different types of 
economic benefits for different groups. 
 
 

Indicator 5-1: Amount and quality of marketed non-timber forest resources does not decline 
over the long-term 
 

In the absence of readily available information about non-timber resource values, this indicator 
requires only an assessment of the ‘units’ of marketed products that would be incorporated in an 
estimate of values. 
 
Cooperative efforts with the commercial interests marketing non-timber resources are needed to 
accurately define the units, values, distribution and resilience factors for each interest.  This work was 
not undertaken as part of this project as it was seen to be inappropriate without an operational SFM 
planning effort underway.   
 
Measure 5-1.1: Non-timber economic resources 
 

Rationale 
Although there is a lack of information available for this indicator, the information that does exist can 
be mapped to some degree. The term “marketed” infers that if the resource is present in a management 
unit, there will be some data on it. Key measures that are generally present in management units in BC 
include tourism areas (e.g. heli ski operations, snowmobiling tour areas); mining locations; trap lines; 
commercial firewood sales; areas of botanical harvesting and guide outfitting areas. 

Once this information is spatialized, it can be overlain with other indicator maps to determine the 
current or future conflicts resource or land use that may arise. 
 
 
4.2.3 Criterion 6: Forest management contributes to a diversified local economy 

 
This criterion focuses on the ‘resilience’ aspect of the framework, at the community economy level, 
using diversification as a measure of resilience.  The collective implication of SFM on the economy of 
local BC communities is recognized as an important element of diversification.  Commercial uses 
result in the creation of financial benefits that are distributed to corporations, labour and governments. 
These benefits influence community sustainability through their impact on community economies, 
quality of life and social conditions at a range of geographic scales.  As stated previously, forest 
management can have both a positive and negative impact on other economic opportunities.  As well, 
business practices (i.e. buying locally where available and economically practical) of the forest 
industry and government agencies can have an impact on the ability of the local economy to become 
diversified.   
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Indicator 6-1: Employment and income sources and their contribution to the local economy 
continue to be diversified 
 

While the forestry industry does not control or even directly influence other sectors of local 
economies, the sustainability of communities in terms of amenities is directly tied to their ability to 
provide a diversity of work opportunities.    

This indicator measures the resilience of a community to economic shocks in various sectors. 
The forest industry is one sector within a local community’s economic system.  The diversity of 
employment and income sources is a measure of the diversity of a community’s economy. 
Communities can better withstand shocks in one sector of the economy if there are other sectors 
that buffer the effects.  The sustainability of communities is important to SFM in terms of their 
ability to attract and maintain a skilled workforce for the forest industry.  In turn a healthy forest 
industry provides employment opportunities, income and tax bases and thus opportunities to 
attract other businesses and amenities to a community. 
 
The indicator tracks employment and income in each sector of the local economy.  Examples of what 
“local” means include those businesses and people who have an address in a community (rural or 
urban based) within a management unit or defined forest area. 
 
Measure 6-1.1: Industry structure 
 
Rationale 
While the industry cannot necessarily police itself in terms of ensuring that a diversified forest sector 
exists for a given management unit, mapping out the existing operating areas, processing facilities and 
the density of contracted work will highlight the likely sustainability of the current industry structure.  
Where the information indicates that the industry is not very diversified, the data can be used to 
analyze whether or not that may be a problem for a given management unit. 
 
Measure 6-1.2: Employment 
 

Distribution of employment and income sources/employment/income density (via various economic 
ratings, existing mapping, and multipliers for resource extraction) 

 

Rationale 
Where the different employment sectors exist in a management unit can highlight how the sectors 
may change as conditions in different parts of the MU change.  This information can be used to 
forecast how the distribution of employment may change temporally and spatially and to highlight the 
sustainability of other economic drivers for a MU. 
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4.3 Value: Social 

 
4.3.1 Criterion 9: Forest management sustains ongoing opportunities for a range of quality of life benefits 

 
The forest provides many values to our society going beyond basic needs (e.g. food, water, 
employment): research has established that issues such as cultural identity (of aboriginal and non-
aboriginal people), community recreational opportunities, and scenic resources contribute to the 
desirability and therefore viability of communities, as well as the potential for tourism.  Influences of 
forestry on safety of forest workers, visitors, and residents are also a major issue in parts of British 
Columbia, due to factors such as fire and slope stability.  
 
Criterion 9 of the SFM Framework states: “Forest management sustains ongoing opportunities for a 
range of quality of life benefits”.  The range of quality of life benefits considered were (1) outdoor 
recreation, (2) visual quality, (3) unique or significant places and features of social, cultural and 
spiritual importance, and (4) worker and community safety. To date, detailed work has proceeded on 
the outdoor recreation and visual quality indicators of quality of life benefits.   
 
While social values, such as outdoor recreation and visual quality contribute to quality of life and a 
tourism-based economy; they can be difficult forest amenities to manage.  There is the perception that 
these values are not only subjective and hard to define, but also that they constrain timber values. 
However, social values like visual quality need not necessarily be at odds with timber supply and 
instead can be components of a sustainably managed forest. 
 

Indicator 9-1: Resources and opportunities for recreation (including quality of experience) are 
maintained or enhanced 
 

Quality of life benefits that forested landscapes provide to local communities, local residents, and 
tourists includes the provision of opportunities for outdoor recreation.  The indicator addresses a range 
of outdoor recreation opportunities, settings, and experiences provided by forests that respond to the 
diverse motivations, expectations, and desires of people pursuing recreation activities.  Measurements 
of this indicator have been identified to monitor outdoor recreation opportunities and resources. Local 
baseline measurements should be established and monitored. 
 
Measure 9-1.1: Recreation 
 

Rationale 
The Ministry of Forests has attempted to map out potential and existing opportunities for recreation 
throughout the province.  In some cases, tourism groups are issued tenures over parts of the 
management unit and these are easily mapped.  While tourist facilities are essentially part of an area’s 
economy, crown land forested areas near the facility can be used for recreational purposes.  In many 
cases, government requires that the visual landscape near a tourism facility be taken into consideration 
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when planning harvesting and road building activities.  Mapping the tourism facility and the adjacent 
visual landscape can help managers determine locally appropriate management strategies. 
 
Measure 9-1.2: Access management 
 

The map will show the classification of roads into accessible and non-accessible. 

Rationale 
Access management is often an emotional issue in many management units and has two sides to it.  In 
some cases stakeholders and the public want unrestricted access to areas throughout the MU while 
other want to restrict access for specific areas.  By spatializing the access for an MU and linking it to 
other indicators such as recreation, sensitive sites or habitat, access management strategies can be 
developed that assist with the sustainability of a variety of indicators. 
 
Indicator 9-2: Visual quality of harvested/managed landscape is acceptable to a broad range of 
stakeholders/visitors. 
 
Measure 9-2.1:  The percentage of harvesting and road building operations consistent with 
visual quality requirements as identified in operational, tactical and/or site plans. 
 
The status of Visual Quality Objective areas are measured and mapped annually to determine if 
appropriate planning is being followed. 
 
Table 11VQO Areas by BEC Zone and VQO type 
BEC Zone Preservation Retention Partial 

Retention 
Modification Maximum 

Modification 
Total 

AT 0 0 0 0 0 0 
BWBS 0 1,239 8,134 2,829 137 12,339 
ESSF 27 5,502 24,473 14,152 76 44,230 
SBS 464 6,530 20,027 7,903 0 34,924 
SWB 58 0 0 0 0 58 
Total 549 13,271 52,634 24,884 213 91,551 

Indicator 9-3: Forest management conserves unique or significant places and features of social, 
cultural, and spiritual importance 
 

This indicator measures how well unique or significant places and features are identified and protected 
for Aboriginal and non-Aboriginal users of the management unit or DFA.   Local people, 
landscape/cultural professionals, and forest managers can identify social, cultural, and spiritual 
features and places.  The resultant map will be a useful guide for planning forest activities that 
conserve these attributes.  

 
Measure 9-3.1: Culturally sensitive areas/features 
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Rationale 
Often, areas that have unique features of social, cultural and spiritual importance are not explicitly 
identified.  A system for incorporating and mapping new areas will have to be developed as 
information becomes available.  Where Archaeological overview assessments have been undertaken, 
mapable data will exist.  In some cases, the exact location of a sensitive area will not be identified on a 
map.  In these cases, a general will be identified where a sensitive site may exist and a general 
description of what to do when a sensitive site is found will be articulated.  This is done in order to 
prevent the site from being overrun. 
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5 Recommendations 

This project is a pilot for the application of the SFM framework to a specific management 
unit.  Consequently, several unanticipated issues arose during the course of indicator analysis: 

• The large size of the resultant database created substantial inefficiencies in spatial data 
processing and database queries.   

• New data could not be efficiently incorporated into the analysis; 
• The netdown had to be customized for individual indicators; 
• Confidentially issues limited access to key economic and social data; and 
• There was insufficient scientific knowledge about some ecological attributes that 

limited mapping of measures for the ecological indicators. 
 

The following key recommendations are given for future indicator analysis: 

• Develop or expand existing data management systems customized to the needs of 
indicator analysis. 

• Differentiate between Planning Indicators and Monitoring Indicators; 
• Resolve confidentiality issues that limit access to key economic and social data, or 

find alternate indicators for these values; 
• Develop a preliminary framework for integrating and assessing trade-offs between 

indicators, including quantifying and weighting the indicator variables; 
• Proceed with forecasting after a clear rationale and methodology have been developed, 

and a framework of criteria and indicators have been approved by the Mackenzie DFA 
Public Advisory Group. 

 
More detailed background and rationale for data management, integrating indicators, and 
forecasting are given below. 

 
5.1 Data Management 

Even though individual data layers are relatively static, the sum of the data for any given 
management unit is a dynamic entity.  Existing data such as site index, ecosystem mapping, 
and licensee operating areas are frequently updated.  New data is also generated on a regular 
basis as inventories are completed, new values are incorporated into management, and policies 
change.  In order to provide feedbacks to management, indicator analysis must be flexible 
enough to incorporate the best available information.   

The approach to data management in this study was to use an existing resultant database that 
contained most of the information required.  A spatial resultant essentially takes all data layers 
(forest cover, licensee operating areas, visual resources inventory) and overlays them into a 
single layer that can be queried for interactions between the input layers.  Resultant databases 
are very large because they incorporate numerous of layers of linework.   

The resultant database used for the Mackenzie Indicator Mapping Project has over one million 
polygons.  This size does not present a problem for database programs such as MS Access and 
especially Oracle.  However, databases of this size are pushing the limits of ArcInfo, which is 
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the best spatial data processing program available. Indicator analysis requires a large amount 
of spatial data processing and the size of the Mackenzie timber supply database made spatial 
data processing extremely inefficient.    

The resultant used for this study was created for timber supply analysis.  The resultant 
approach is appropriate for timber supply analysis since forest estate models query all data 
layers simultaneously, and only require a snapshot of the best available information.  
However, resultant database tend to be static and inefficient. New linework cannot be 
incorporated without adding new polygons, which essentially creates a new resultant.  New 
data can only be incorporated through semi-spatial methods that do not preserve the integrity 
of the new linework.  Also, the dozens of data layers contributing to a resultant database 
cannot be separated during queries.  Even if two relatively simple layers are required for a 
query, all other data layers are carried as unnecessary information. The consequence is that 
simple queries can take several minutes in a million-record database like the Mackenzie 
resultant. Because indicator analysis is a query-intensive process, using a resultant database 
makes indicator analysis very protracted.   

In contrast to timber supply analysis, indicator analysis is an on-going, ever-evolving analysis 
that requires a different approach to data management.  The data management and analysis 
system for indicator mapping should have the following capabilities: 

• Dynamic—new/updated data and feedbacks from analysis results can be easily and 
cheaply incorporated into the analysis; 

• Efficient—Fast querying of interactions between data layers; 
• Interactive—Forestry practitioners can independently query the database from their 

office. 
 

Instead of overlaying data layers into a single resultant for querying in a database 
environment, the data layers could be kept separate and queried in a GIS (ArcInfo) 
environment or in a woodlands information system like Genus.  The data management 
environment would overlay the necessary data layers into a temporary resultant, make the 
necessary queries, and then delete (or maintain if necessary) the temporary resultant once the 
required output is achieved.   The following attributes of this system would make it preferable 
over a resultant database approach: 

• Data layers maintained as separate entities, allowing for easy updating and addition of 
new data; 

• Data processing and queries in an ArcInfo environment; 
• User-friendly custom interface for querying interactions between the data; 
• Generation of a resultant database using only the layers and information that are 

required for forecasting.   
 

A data delivery system could be put in place that allows non-technical staff to request 
standardised indicator mapping products (maps and reports), utilising a Window-based data 
request form accessible to office support/technical/managerial staff.  
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Hardware Requirements: 

• A devoted data server/processor with GIS processing capabilities (could be on or 
offsite). 

 
Data Organisation: 

• Company-wide and/or divisional data standards are developed and strictly enforced; 
• Source data is organized into logical groups, and placed onto the data 

server/processor; and 
• Previously unavailable source data may be added, and updated source data may 

replace older versions. 
 
Data Requests: 

• Requests for indicator mapping products can be made from any computer with server 
access and security clearing; 

• Requests are made using a standardised data request form (possible customized to 
reflect different needs by division etc.); 

• The request is submitted to the data server/processor, and translated into Arc/Info 
commands; 

• After GIS data processing is completed, a standard report and/or map is produced and 
emailed directly back to the issuer of the data request; 

• Data requests, data processing and map/report submissions may be captured in a 
custom database. 

 
The Mackenzie Forest District is sufficiently large to create serious problems for a data 
management system that is not designed for the needs of indicator analysis.  The current 
approach to indicator analysis that relies on a resultant database should be reconsidered. An 
alternative data management system will likely maintain data layers as separate entities and 
query them in a spatial GIS environment.   
 

5.2 Assessing Hotspots--Integrating indicators 

Section 4 presented a case study in quantifying an indicator for use in decision-making 
frameworks such as Multi-Criteria Analysis. This case study demonstrates that an assessment 
of ecological risk associated with indicator 1-1 requires the integration of a number of 
measures beyond the basic measure of ecosystem representation in the Non-Harvestable Land 
Base.   In theory, indicators are intended to be measures of a given criterion (Ferguson et al. 
2004). In practice, few indicators can be quantified directly, and encompass several measures. 
Instead, indicators provide a way of integrating a suite of measures into an index of risk or 
value.  These risk indices can then be integrated into a framework for assessing the impacts of 
management scenarios on ecological, social, and economic values (e.g. Multi-Criteria 
Analysis or Trade-off Analysis).   Spatial interactions between different types of risk and value 
can then be mapped as “hotspots” representing areas of conflict or synergies between SFM 

Forest Ecosystem Solutions Ltd. 
#210 – 275 Fell Avenue, North Vancouver BC, Canada V7P 3R5 
tel 604-998-2222     fax 604-986-0361 

29



Canadian Forest Products Ltd.                          SFM Indicator Mapping for the Mackenzie Forest District 

Indicators, or areas that require special management for individual indicators. The relative 
ecological risk ranking map provides an example of a map of hotspots for indicator 1-1.  The 
Mackenzie Forest District Public Advisory Group (PAG) is currently refining the indicators 
and measures of the SFM framework. This process is integral to the assignment of value or 
risk to indicators, and a comprehensive mapping of hotspots could not be completed until the 
PAG process is complete.   

 

5.3 Linkages to Forecasting 

Indicator mapping is a tactical planning step that occurs between indicator development and 
forecasting.  In this project, various indicators and measures have been analysed and mapped 
and/or summaries presented quantifying the current indicator status. Considering this, a 
forecast is ‘an explicit statement of the expected future condition of an indicator’ (CSA 2003).   
 
Forecasting is necessary for the evaluation and identification of sustainable forest management 
(SFM) strategies and forest practices that will achieve the desired future forest condition and is 
a requirement to achieve forest certification by the Canadian Standards Association (CSA), 
which are guided by the CAN/CSA-Z809-02 standards.  
 
Based on the Canadian Council of Forest Ministers (CCFM) set of criteria for sustainable 
forest management, the Canadian Standards Association (CSA) describes the scope of each 
CCFM criteria as described by the CSA SFM elements. The forest manager, with inputs from 
the public, would then identify and select values, objectives, indicators and provisional targets.  
For each CSA SFM element, a value is created specifically for the defined forest area (DFA). 
Each value has at least one objective that describes the desired future state or condition for that 
value. Each objective has at least one indicator that will be used for measuring or describing 
the state or condition of forest values. Each indicator requires a single target to define its 
desired future condition. A target may be a specified level of an indicator that is to be achieved 
within a defined and appropriate time frame.  A target could call for the indicator to show a 
fixed quantity or a fixed range; alternatively, it could specify the minimum and or maximum 
value for the indicator (e.g. thresholds and limits). Whatever the approach chosen, targets need 
to specify acceptable departures or range of variance (e.g. the size, location, duration, and 
frequency of the deviation from the chosen limits that are acceptable). Several strategies must 
also be suggested to achieve the objective and target.  One possible strategy could be the status 
quo or the resulting condition excluding the actions set out by the CSA SFM plan. Other 
strategies could include maintaining a stable harvest flow or maintaining species at risk habitat 
areas. 
 
One of the key applications of forecasting for CSA is strategy evaluation, which involves 
examining forecasts for indicator responses if the strategy were to be implemented, and 
determine the degree to which provisional targets are met. Thus, during the planning process it 
is necessary to prepare forecasts that include all appropriate indicators within the listed 
strategies. However caution should be taken to not create an analysis that is too complex and 
data intensive to analyze effectively ensuring that only those indicators that must be forecast 
are included. Forecasting allows the forest manager and the public advisory group (PAG) to 
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analyse various strategies based on the future forest conditions. The forest manager, with input 
from the public, can decide whether or not to include all forecasts in the SFM plan. Only the 
forecasts associated with the chosen strategy for implementation in the DFA would be tested 
and compared with the results from the monitoring and management review process. 
 
A cost effective, timely and efficient approach for each indicator forecast should be chosen. 
For example, forecasts for quantitative indicators are normally made using mathematical 
models that may range from simple equations to complex computer models associated with 
GIS. On the other hand, forecasts for qualitative indicators are normally made using scenario-
building techniques. Whatever approach is used, explicit forecasts for all relevant indicators 
are required, along with an accompanying explanation of the analytical techniques used to 
generate them. The explanation also needs to state the particular time and space considerations 
associated with each indicator, since many indicators change over time and are unevenly 
distributed across the DFA.  Long-term forecasts regarding forest structure and composition 
should be made, at a minimum, twice the average life expectancy of the predominant trees in a 
DFA, up to a maximum of 300 years. In a TSR process, the forecasts are generally 250 years 
therefore, accomplishing this would be relatively straightforward. 
 
Two issues to consider in forecasting are: 1) potential interactions among indicators, and 2) 
cumulative effects on the indictors based on actions outside of the SFM strategy. Many of the 
indicators chosen to represent DFA-specific values will not be independent of each other 
therefore; forecasts for linked indicators need to be made using integrated models. This could 
include the use of a spatial forest estate model and use of a process based ecological model.   
 
Some indicators are influenced as much by other human interventions in the DFA as they are 
by actions related to SFM (e.g. recreational forest use and extraction of mineral, oil and gas).  
The cumulative effects on an indicator are those from SFM actions in combination with those 
from other actions.  Organizations are urged to assess cumulative effects in their indicator 
forecasting exercise. This will require some consideration of other land use activities and the 
need to be able to assess their effects on indicators within the DFA. Forecasting would allow 
the forest manager and the PAG to respond to land use activities by describing indicator 
condition before and after the land use decision. 
 
Presently, the CSA forecasting requirements are not well developed. Specific standards or 
reporting of forecasts have not been standardized or thoroughly documented. In general, 
existing forecasting exercises such as timber supply analysis (data package and analysis 
report) for allowable annual cut (AAC) determinations have generally been accepted as a 
reasonable representation of timber harvesting in the DFA. These analyses also provide some 
assessment of desired future forest conditions based on targeted age class or forest cover 
requirements. While timber supply analyses activities may satisfy forest level and landscape 
level requirements, they often do not address many of the specific sub-indicators and measures 
as required by CSA. As a result, further forecasting would be required based on the other 
indicators and measures that must be predicted within the specific DFA. In order to prepare 
for this, a forecasting plan should be derived for the Mackenzie Forest District. A thorough 
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review of each indicator and measure must be completed along with an assessment of whether 
the indicator is appropriate for forecasting. 
 
Forecasting indicators are those selected for prediction of the future desired condition and used 
in the assessment of management alternatives and determination of sustainability. Monitoring 
indicators are used to assess the implementation of management strategies, based on a 
comparison of actual achievements on the forest against stated forest management plan 
objectives and may also determine if operational practices are compromising the long-term 
sustainability and implement a course of corrective action, where required. An indicator may 
be appropriate for monitoring or forecasting only, but also may be eligible for both.  
 
The forecasting process cannot be finalized for the Mackenzie DFA since the local criteria and 
indicators have not been concluded by the Public Advisory Group. Therefore, as was done for 
the indicator mapping, a subset of criteria and indicators are reviewed for forecasting or 
monitoring necessity. The results of this assessment are presented in Table 22. 
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Table 12: Assessment of necessity and opportunities for forecasting SFM criteria and 
indicators.   
Criterion Indicator Associated Maps Monitoring Forecasting Model 

Type/Option 
1: Biological 
Richness 

1-1:  Ecosystem 
Representation 

Ecosystem Representation Yes   

      
 1-2:  Habitat 

Elements 
Structural stages  Yes Forest level, stand 

level, ecosystem 
model 

  Seral stages  Yes Forest level 
  Patch size  Yes Spatial 
  Edge contrast  Yes Spatial 
  Interior  Yes Spatial 
  Coarse Woody Debris Yes   
  Shrubs Yes   
  Stream crossings Yes   
  Road density Yes   
 1-3:  Species 

Populations 
Habitat suitability Yes Maybe Forest level, stand 

level, and/or Habitat 
model 

2: Ecosystem 
Productivity 

 MAI  Yes – TSR Forest level 

  Site Index  Yes – TSR Forest level 
  Merchantability/Growing 

stock 
 Yes – TSR Forest level 

      
4: Timber 
Economics 

4-1: Timber 
contributes to 
economic well-
being 

Timber supply certainty, 
age relative to MAI, 
cumulative age 

 Yes – TSR Forest level 

      

5: Non-timber 
Economics 

5-1: Amount of 
non-timber 
resources 

Non-timber economic 
resources 

Yes Maybe Forest level, stand 
level 

      
6:  Resiliency 6-1: Employment, 

income sources 
and contribution 
are diversified 

Industry Structure, 
Employment 

Yes 
Yes 

N/A 
Yes – TSR 

N/A 
Forest level 

      
9: Quality of 
Life 

9-1: Resources 
and opportunities 
for recreation 

Recreation Yes Yes – TSR Forest level 

  Access Management Yes Maybe Forest level, spatial 
 9-3: Conservation 

of unique and 
sensitive places 

Culturally sensitive 
areas/features 

Yes Yes – TSR Forest level 
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Appendix A: Initial Measures  

See Canfor Mackenzie / BCTS PAG Group Indicators Spreadsheet 
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Appendix B: Data Preparation / Definitions 

The following information provides a description of the key data and assumptions that were 
used in the forecasting of scenarios presented in this report.  These assumptions are mainly 
adopted from the data package for the Timber Supply Review 2 (TSR 2) timber supply 
analysis.  The data and assumptions were updated where necessary using the most current 
available information. 
 
The budget and timeline for this analysis are considerably less than that allocated to analyses 
for the British Columbia Timber Supply Review process.  Therefore, the base case forecast or 
any other forecast should not be construed as an update to the latest timber supply review for 
the Mackenzie TSA or a subset of it. 
 
A dataset was compiled for the project using the following coverages: 
 

• Forest Cover 
• Landscape Units 
• LU_BEC Groups 
• LRMP-RMZ 
• Parks and Protected areas 
• Physical operability/logging system 
• District haul zones 
• VQOs 
• Planning Cells 
• ESAs 
• Terrain Stability 
• Ownership 
• Community watershed (CMS) 
• Recreation inventory 
• Caribou (u7-001 and u7-009) 
• Elk (u7-005, u7-008) 
• Goat (u7-004) 
• Stone Sheep (u7-006) 
• LRMP Caribou habitat rating 
• Mugaha marsh sensitive area proposal 
• Woodlot update 
• McLeod Treaty 8 
• Kemess powerline and mine site 
• JS Thrower's site index Analysis 
• Provincial MPB projections (2005 flight) 
• Operating areas 
• Depletions up to 2006 
• Forest development plans 
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• Defined Forest Area Boundary 
• Roads 
• Streams 
• Forest Inventory Zone (FIZ) 
• Wildlife habitat areas 
• Draft OGMAs 
• Agricultural Land Reserves (ALR) 
• Crown land plans 
• Indian Reserves 
• Private leases 
• Draft UWR (u7_007) 
• Draft UWR (u7_017) 
• Wildlife recovery plans (Chase, Scott, Takla, Wolverine herds) 
• Proposed community forest 
• SPU 
• SPZ 
• Road Buffer Coverage for LRMP Direction 
• Tantalis Survey Parcels 

 
In order to facilitate modeling using the Forest Simulation and Optimization System (FSOS), 
a spatial explicit model, the dataset was processed to eliminate polygons with area smaller 
than 1.0 ha.  Note that polygons that were smaller than 1.0 ha due to ownership were not 
eliminated or combined with other polygons. 
 
Riparian buffers, reserve zones and roads were not modeled spatially explicitly.  Rather a 
percent reduction was applied to all polygons to account for riparian and roads. 
The result of this spatial processing was a resultant with 302,329 polygons. 

Definition of the timber harvesting landbase 
A timber harvesting landbase (THLB) was determined based on the area netdown logic 
outlined that eliminates the types of land that do not contribute to the current timber harvesting 
land base as described below in Table 1: 
 
 

Land classification Area (ha) Net reduction (ha) 

Total DFA area 2,117,199  

Land not managed by the BC Forest Service 33,297 33,297 

Kemess powerline and mine site 2,648 1,457 

Non-forest or non-productive forest 482,727 479,862 

Current Roads, trails, and landings 7,069 6,829 

Net Reduction to Total Area  521,445 

Crown Forest Land Base (CFLB) 1,595,754  
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Parks and Protected Areas, Wildland 14,519 12,184 

Non-commercial_cover 10,761 10,442 

Inoperable 12,536 2,167 

Special_Planning Cells 19 0 

Environmentally Sensitive Areas (ESA) 190,920 183,814 

Non merchantable stands 76 18 

Balsam marginal 219,821 112,820 

Spruce marginal 21,709 13,373 

Pine marginal 35,491 26,431 

Deciduous marginal 6,216 3,512 

Deciduous far 40,910 33,634 

Problem forest types 74,780 42,664 

Low volume stands 235,326 66,155 

Low productivity stands 121,890 44,549 

Wildlife Habitat Areas (WHA) 43 35 

Ungulate Winter Range (UWR) 49,745 7,925 

Wildlife Tree Patches (spatial) 8,093 6,681 

Wildlife Tree Patches (non-spatial) 73,679 35,821 

Riparian 151,803 71,236 

Net Reduction to CFLB  673,461 

Current timber harvesting land base 922,293  

Future roads and trails 95,274 41,503 
   

Long-term timber harvesting land base 880,790 
 
As illustrated in Table 1, the total land base prior to any reductions is 2,117,119 hectare
After removing areas that are not forest or not owned by the Crown there are 
approximately 1,595,714 hectares remaining, which are considered productive Crown 
forest land or Crown Forest Land Base (CFLB). This is the land base in which the 
forest and landscape based rules will apply such as seral stage targets and visuals qualit
objectives (VQO). 

s. 

y 

The land base available for operational forestry is called the timber harvesting land base 
(THLB). It is determined by further removing specific land conditions which are forested 
but may not be eligible or are only partially eligible for harvesting. This would include 
areas such as low productivity areas, riparian reserve zones, physically or economically 
inoperable areas.  These are collectively referred to as the non-harvestable land base 
(NHLB).  In the Mackenzie DFA the current THLB is 922,293 hectares.  While 
harvesting takes place in the THLB, the NHLB contributes to forest/stand level resources 
management requirements (seral stage, VQOs, wildlife habitat). 
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Land not managed by the BC Forest Service 
The following lands that are not forest or are not managed or owned by the Crown are 
excluded from the land base: 
 

• Woodlots,  
• Private leases, 
• Agricultural land reserves, 
• From the crown land plans: commercial, community settlement reserve area, industrial 

reserve, miscellaneous reserve, rural reserve development area, sand and gravel 
reserve (SGR), settlement reserve area. 

• Indian reserves 
• McLeod Treaty 8 
• From the LRMP Category: ecological reserve, proposed protected, park, reserve land, 

settlement and water. [Note: the LRMP categories Enhanced, General, and Special 
will remain in the THLB] 

Exclusion of the Kemess powerline and mine site. 
The Kemess powerline has a 70m right-of-way, which was excluded from the CFLB.  The 
mine site is excluded under ‘urban’ in the Non-Productive Descriptor in the forest inventory 
file. 

Land classified as non-forest or non-productive forest 
• Lakes, non-productive forest, rivers, swamps, urban, etc. as identified by Projected 

Type ID 6 and 8. 
• Alpine areas identified by BEC.  

Current Roads, trails, and landings (RTL) 
All highways and larger municipal roads of a sufficient size to be mapped as polygons and 
classified as non-forest areas in the forest inventory file were deducted in the above section on 
Land Classified as Non-Forest or Non-Productive. 
 
As described in TSR 2, to account for existing roads, a 4.5% reduction was applied to stands 
less than 40 years old and to stands with harvest history.  The reduction was applied to the 
current productive forest land considered available for harvesting. 

Land classified as Parks, Protected Areas and Wildland 
• Protected areas and wildland as identified in the LRMP. 
• Parks and protected areas as identified in the BC Parks maps. 

Non-commercial cover 
• Projected Type ID 5 and Non-Forest Descriptor = NCBR in VRI. 

Inoperable areas 
Areas identified as ‘Helicopter’ or ‘Inoperable’ in the district operability coverage.  
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Special planning cells 
The following planning cells are excluded from the THLB: E022, G009, G010, G088, G045 
G059, G017, G031, G068, G069, G060, G043, G044. 

Environmentally sensitive areas 
THLB reductions for ESAs were applied as per TSR 2.  Note that ESA wildlife was replaced 
by Ungulate Winter Ranges and related management direction.  Table 2 describes the 
reduction percent for different ESA categories. 

 
Table 13: Reductions for environmentally sensitive areas (reference TSR 2) 

ESA 
category 

ESA  
description 

Reduction
percent 

Es1 Extremely unstable soils 100 

Es2 Unstable soils but less than Es1 50 

Ep1 Severe regeneration problems caused by geoclimatic factors 100 

Ep2 Regeneration problems caused by biotic factors 70 

Ea Severe snow chute and avalanche problems 100 

Er1 Exceptionally high recreational values 100 

Er2 High recreational values but less than Er1 70 

Eh1 Extremely high watershed values 100 

Eh2 High watershed values but less than Eh1 70 

Ec Areas of management concern (any of the categories noted above but 
surveyed prior to 1976).  

100 
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Non-Merchantable Forest Types 
The following forest types were excluded from the THLB: 
 
Table 14 – Non-Merchantable Forest Types 
Type group Species Area (ha) 
8 FdDecid 18 
10 CWFd 10 
12 H 19 
15 HB 10 
34 L 15 
37 DrConifer 3 
 
 

Marginal balsam, spruce, pine and deciduous stands 
 

Table 15: Area exclusion factors for merchantable stands for conventional (Conv), cable, 
and helicopter (Heli) logging in near and far zones (TSR 2) 
Type group number 

(leading species) Harvest zone: Near Far 
Logging system: Conv Cable Heli Conv Conv Cable Heli 

 
Age, height and stocking class 

   slope 
<30% 

Slope
>30% 

  

18 – 20 Age > 7, Height<2 100 100 100 100 100 100 100 
(Balsam) 742, 842, 942 0 100 100 0 0 100 100 
B, BH, BS 732, 832, 932 0 100 100 0 0 100 100 
20 (BS) Height > 3, Stocking = 1 0 100 100 100 100 100 100 
 Stocking = 2 100 100 100 100 100 100 100 
 Height = 2, Stocking = 1 0 100 100 100 100 100 100 
18 (B) Height > 3, Stocking = 1 0 100 100 100 100 100 100 
 Stocking = 2 100 100 100 100 100 100 100 
 Height = 2, Stocking = 1 100 100 100 100 100 100 100 
         
21 – 26 Age > 7, Height <2, 100 100 100 100 100 100 100 
(Spruce) 742, 842, 942 0 100 100 0 0 100 100 
S, SF, SH,  732, 832, 932 0 100 100 0 0 100 100 
SB, SPl,  Height > 3 Stocking = 1 0 0 0 0 100 100 100 
& Sdec Height > 3 Stocking = 3 0 100 100 0 100 100 100 
 Height = 2, Stocking = 1, 2 0 100 100 0 100 100 100 
         
28 – 31 Age >5, Height <2 100 100 100 100 100 100 100 
(Pine) 542, 642, 742, 842, 942 0 100 100 0 0 100 100 
Pl, PlF,  532, 632, 732, 832, 932 0 100 100 0 0 100 100 
PlS, &PlDec Height > 3 Stocking = 1 0 100 100 0 100 100 100 
 Height > 3 Stocking = 2, 3, 4 0 100 100 0 100 100 100 
 Height = 2, Stocking = 1, 2, 3, 4 0 100 100 0 100 100 100 
         
35,36, 40, 41, &42 
(Cttnwd, Birch, & 
Aspen) 

Age>4, Height<2, All stock 
Age>4, Height>2, Stock=1 
Age>4, Height>2, Stocknot=1 

100 
0 

100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 
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Notes: (for Table 4) 
100 indicates stands were excluded and 0 indicates that stands were not excluded. 

 

Deciduous in far zone in north Peace Arm 
Deciduous stands (inventory type id 35 to 42) are excluded if they are in Landscape unit 37 
(Chase) and in the far haul zone. 

Problem Forest Types 
Physically operable stands that exceed the low site criteria but are not currently utilized 
because of low timber quality or low volume are often called problem forest types.  Problem 
forest types in the Mackenzie TSA are defined as follows: coniferous stands greater than 140 
years old and less than 11 metres in height; and deciduous stands greater than 80 years old 
with less than 17 metres in height 

Sites with low timber potential 
Sites with low timber potential were removed from the THLB using the same rules as in TSR 
2.  Table 5 illustrates the reductions used in the analysis due to low volume and low 
productivity. 
 
 
Table 16:  Reductions for low volume and low productivity  
species Balsam Spruce Pine
haul zone age Volume Site Index age Volume Site Index age Volume Site Index 
near
logging system
conventional 140 180 8.9 140 190 8.9 120 170 11.1
conventional/cable 140 180 8.9 140 200 9.2 120 190 11.7
cable 140 n/a n/a 140 240 10.3 120 n/a n/a

Medium
logging system
conventional 140 190 9.2 140 190 9.2 120 170 11.1
conventional/cable 140 200 9.4 140 200 9.4 120 200 12
cable 140 n/a n/a 140 240 10.3 120 n/a n/a

far
logging system
conventional 140 n/a n/a 140 190 9.2 120 210 12.3
conventional/cable 140 n/a n/a 140 n/a n/a 120 n/a n/a
cable 140 n/a n/a 140 n/a n/a 120 n/a n/a  
 
Sites with low growing potential criteria and comments: 

1. Older stands were excluded from the timber harvesting land base if the specified 
minimum volume per hectare was not met.   
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2. Younger coniferous stands were excluded from the timber harvesting land base if their 
site index is less than specified (e.g. the minimum required to reach a volume of 140 
m3/ha by age 141).   

3. Younger deciduous stands were excluded from the timber harvesting land base if their 
site index is less than specified (e.g. the minimum required to reach a height of 18 
metres by age 81).   

4. Old deciduous stands were excluded from the timber harvesting land base if their 
minimum volume per hectare did not reach 120 cubic meters per hectare at age 81. 

Wildlife Habitat Area 
The wildlife habitat area for mountain goat (Oreamnos americanus) will be not be harvested, 
as outlined in the Order –Wildlife habitat area #ORAM-7-01, therefore, this area is excluded 
from the THLB. 

Ungulate winter range 
Areas in the following UWR are excluded from the THLB: 

• U7-004 (Brewster mountain goat). 
• U7-006 (Peace Arm stone sheep). 
• U7-009 (northern caribou): Caribou High (UWR Units #: PP-001, PP-002, PP-004). 
• Draft U7-017 (mountain goat): U7017-03, UWR17-04, UWR17-05, and USR17-06 

areas 

Riparian Reserves Zones 
An aspatial reduction of 7.7% was applied to all stands in the THLB to account for riparian. 

Wildlife tree patches 
WTPs in Canfor’s and BCTS’s operating areas were spatially removed from the THLB.  The 
spatial WTPs reduced the THLB by 0.7%.  An additional aspatial reduction of 3.9% was 
applied to the THLB.  The total WTP reduction was then 4.6%, somewhat higher than that 
used in TSR 2 (4%). 

Future Roads, trails, and landings 
A 4.5% reduction was applied to stands after their first harvest to account for future roads. 
 
coverage description source current Use in Indicator Mapping 
agbelt   Ray Reily 12/14/00 none 

given 
used to define PEM and VRI 
areas 

bpol_bc Political Boundaries for BC 2mil MOEP (SRMB Digital 
Baseline Mapping at 1:2 
million scale) 

Nov-95 location map 

clp_van2 Mackenzie Area Crown 
Land Plan 

Various sources none 
given 

netdown--crown land 
reserves 
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dev_blocks canfor consolidated dev plan 
fdp_2002. updates from each 
licencsee dataset  

    netdown--gives FDP 
category that is used to 
define logging history for  
non-merch. 

f_oper   TSRII database   netdown--physically 
inoperable 

fesa_dva Environmentally Sensitive 
Areas based on forest cover 
2001 

MSRM Mar-02 netdown-ESA 

fown_dva Ownership append from FC1
layer 

 FC1 2000 Jun-05 netdown-ownership and 
reserves 

log_blocks   Canfor logging_2001 
coverage, ministry change 
management data cmt_pgtsa; 
updates from each licencsee 
dataset  

none 
given 

netdown--gives Log category 
that is used to define logging 
history for non-merch. 

lzone_dva Resource Management 
Zones modified only for 
operational purposes to 
include newest parks and 
district 

Originally IGDS file, DVA Mar-02 Various Indicator maps and 
also defines opportunity 
areas within THLB.   

parks Protected Areas as mapped 
by Crown Lands, LUCO, BC 
Parks, Contractors, and 
Regional Planning Tables 

BC Parks Victoria December,
1999 

   

QAMA_DVA Access Management Areas 
created by the Mackenzie 
LRMP 

Mackenzie Forest District 
1998 

  Access map 

qfsh_r7o Priority ratings by watershed 
for watershed restoration  

Based on Landscape Units, 
some linework updated by 
regional biologist 

Oct-01 watershed boundaries for 
stream crossing density map

qwlt_dva Woodlots used in TSR2 Timberline Forest Inventory 
Consultants Ltd.  

Mar-02 Netdown--ownership 

rip  riparian data for Mackenzie 
based on VRI lakes and 
wetlands 

Timberline Forest Inventory 
Consultants Ltd.  

  Netdown--lakes and 
wetlands 

t_htrls heritage trails TSR2 database    netdown--reserves 
t_selev above or below the 1200 

meter elevation line 
    netdown--non-merch 

t_vqvans gives van_scvqo TSRII database Apr-98 netdown--opportunity areas 
and also indicator map. 

t_whab Biophysical/habitat Data for 
Mackenzie 

Timberline Consulting - 
LRMP Data Set 

  Indicator map--habitat 
suitability 

tlic_dva Licensee operating areas 
from Planning Cell allocation
process 

 
Prince George GIS group 
MSRM 

Apr-02 netdown--parks 
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tlu_dva Landscape Units based on 
the new 2000 district 
boundary 

PG DSC Nov-00 not currently using it 

trap_r7 polygon BC Environment traplines Excluding Skeena Region: 
Digitized from paper source 
by Clover Point 
Cartographics in 1994 

Sep-02 Indicator Map--Non-timber 
economic resources 

trip2_dva Riparian Buffers in the 
Prince George Forest Region

Frank Spears , MSRM   netdown--stream rmzs 

ttsb_dva Mackenzie Forest District 
Timber Supply Block 

Min of Forests, Resources 
Tenures and Engineering 
Branch 

Feb-02 Netdown--study area 

tbgc_van Mackenzie IFPA Predictive 
Ecosystem Mapping 2000-
2002, Localized 
Biogeoclimatic Mapping 
Layer        

MOF Research Branch - 
Marvin Eng, MOF Prince 
George Forest Region - Craig 
Delong   

Feb-03 various uses 

tecp_van Mackenzie IFPA Predictive 
Ecosystem Mapping 2000-
2002, PEM Polygon 
Database 

Ecology Department, 
Timberline Forest Inventory 
Consultants, Prince George, 
BC   

Feb-03 various uses 

tsts_van Mackenzie IFPA Predictive 
Ecosystem Mapping 2000-
2002, Structural Stage 
Mapping Layer   

Ecology Department, 
Timberline Forest Inventory 
Consultants, Prince George, 
BC   

Feb-03 structural stage mapping 

t_ava vri     Don't need it.  Resultant is 
sufficient 

abec_bc 2003 provincial bec mapping MoF Research Branch - 
Marvin Eng, 

Apr-03 variant level regional ERA 

district_new forest districts.     location map 
cont10_V4 TIN contours generated from 

TRIM DEM with ArcInfo 
based solutions. 10m, 20m, 
and 100m intervals. 

No metdata available. Sent by 
R. Dean Marshall Dec. 2003 

    

newtrls.shp Roads and trails for the entire 
Mackenzie forest district 

No metadata available. Sent 
by R. Dean Marshall Dec. 
2003 

    
road_dva.shp 
trails_dva.shp 
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