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1.0 INTRODUCTION 

1.1 Project Background 

In 1996 the Canadian Standards Association (CSA) developed a voluntary SFM standard, CSA Z809, 

based upon the SFM criteria previously defined by the Canadian Council of Forest Ministers (CCFM). 

The CCFM standard was updated in 2003, again in December of 2008, and is characterized by several 

key concepts: a high degree of public involvement, including Aboriginal input and participation; 

performance standards defined by CCFM criteria and public input; systems standards which are aligned 

with ISO 14001; forecasting of future conditions; and the need for ongoing improvement in forestry 

management and operations. 

 CSA carbon certification requirements in the Z809-02 standard were captured in Criterion 4 - Forest 

Ecosystem Contributions to Global Ecological Cycles (CSA Z8091). The purpose of this criterion was to 

“Maintain forest conditions and management activities that contribute to the health of global ecological 

cycles.” Under Criterion 4, the purpose of CSA SFM Element 4.1 Carbon Uptake and Storage is to 

“Maintain the processes that take carbon from the atmosphere and store it in forest ecosystems.” Values 

and objectives for each criterion and element in the SFM process are determined through a process that 

requires consultation with experts, review and inquiry by the SFM public advisory group(s) and a value 

assessment by the planning team. Indicators, which meet these values and objectives, have local relevance 

and can be monitored and measured, are then identified. 

Work on the third edition of CSA Z809 began in 2004, with input from existing public advisory groups, 

Aboriginal representation, and a broad range of interests during the public review of the draft standard.  

The new standard was released in December of 2008.  CSA certification requirements in the Z809-082 

standard with respect to carbon are captured in Criterion 4 – Role in global ecological cycle.  The purpose 

of this criterion is to “Maintain forest conditions and management activities that contribute to the health 

of global ecological cycles.  Two elements have been identified under this criterion, and the element 

addressing carbon is; 4.1 - Carbon uptake and storage.  The purpose of this element is to “Maintain the 

processes that take carbon from the atmosphere and store it in forest ecosystems”, and two core indicators 

have been identified “Net carbon uptake” and “Reforestation success.” 

Several key components were completed in the fiscal year 2008/09: 

• The most up-to-date scientific literature and existing methodologies for quantifying and 

monitoring carbon exchange were explored.  Existing SFMPs as well as conservation and/or 

management plans for community forests, parks, and urban forests, which are involved in 

                                                 
 
1 http://www.csa.ca/%5Crepository%5Cgroup%5CZ809-02july.pdf - accessed February 20, 2008. 
2 Canadian Standards Association Sustainable Forest Management Standards Z809-08, December 2008 
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measuring and monitoring carbon, were also reviewed. The literature review resulted in the 

identification of the 16 candidate indicators. 

• Through a two-step process of consultation with carbon experts and peer review, the candidate 

indicators were assessed for their feasibility, their practicality (SMART-ness) and applicability 

(locally acceptable) and reduced to six. 

• To assist in developing targets and monitoring strategies the inventory-based Carbon Budget 

Model - CBM/CFS3 (CBM) developed by the Canadian Forest Service was selected.  The CBM 

was developed at an operational scale to simulate ecosystem carbon budgets under different 

management scenarios3, has direct links to all six indicators.  

• A monitoring strategy was partially developed for Net Biome Production (NBP) that focuses on 

specific ecosystem attributes of a smaller subset of the six indicators.  These attributes have well 

defined and accepted measurement protocols, are cost effective to measure, and are significant 

contributors to the overall NBP.  Tree growth and yield information is a key input to the CBM 

and existing protocols for “growth and yield” or “Change Inventory Monitoring” (CMI) can be 

used to ensure that the assumed growth and yield information is accurate and represents what is 

actually happening on the ground. 

1.2 Project Objectives 

The objective of this report is to: 

1. Complete the development of carbon indicators as potential candidates for meeting CSA SFM 

certification requirements in the Prince George Timber Supply Area and TFL 30;  

2. Complete the development of  monitoring strategies for each carbon indicator; and 

3. Prepare recommendations toward implementing new carbon indicators including 

recommendations on how to incorporate potentially suitable indicators in the future. 

1.3 Project Area 

The project area consists of two separate management and administrative units. Both areas of interest are 

located in the Northern Interior Forest Region, and all activities of this project were conducted 

simultaneously for each.  The original scope was for TFL30 and the Prince George Forest District of the 

Prince George TSA.  Additional funding was secured and the scope was expanded to include the entire 

Prince George TSA. Two reports were created one for each management unit.  They are essentially the 

same, except for discussions around the monitoring strategies, links to DFA modeling and 

recommendations for implementation.  

                                                 
 
3 (Kurz and Apps 1992, 1996) 
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2.0 METHODOLOGY 

 

Phase 1 and 2, the draft monitoring strategies for Phase 3, and portions of Phase 4 and were completed in 

FIA projects 2784010 & 2816003.  The original Phase 3 “Developing Targets and Monitoring Strategies” 

was subdivided to “Develop Targets - Carbon Budget Modeling” and “Monitoring Strategies’    

2.1 Phase 3 – Develop Targets – Carbon Budget Modeling 

2.1.1 Carbon Budget Model   

To assist in developing targets the inventory-based Carbon Budget Model (CBM-CFS3) developed by the 

Canadian Forest Service was used. This model was developed at an operational scale to simulate 

ecosystem carbon budgets under different management scenarios (Kurz and Apps 1992, 1996).  Output 

includes graphical and tabular formats for a large variety of variables reflecting the dynamics of carbon 

pools and transfers.  These include carbon stocks and changes to carbon stocks, as well as ecosystem 

indicators, transfers and emissions.  Carbon stock results are reported in tonnes, while stock changes are 

reported in tonnes per year.  Certain carbon stocks are further segregated into hardwood and softwood 

pools, pools based on turnover rates (fast, medium, slow), and tree component pools (branches, foliage, 

roots). In addition, the CBM-CFS3 model was tested at a Prince George pilot site4. 

The CBM-CFS3 was used to calculate all the carbon stock changes over time in both Tree Farm Licence 

(TFL) 30 and Prince George Timber Supply Area.  For this project we used the CBM-CFS3 to convert 

stand projections of leading species merchantable volume into carbon stored in living biomass based on 

volume-to-biomass assumptions. The CBM-CFS3 employs a preprocessing algorithm to initialize the 

Dead Organic Matter (DOM) carbon pools as forest inventory information does not generally describe the 

amount of carbon stored in DOM.  Site productivity (site index) is a key input variable to the 

preprocessing algorithm with greater DOM pools being initiated for higher site productivity. 

Based on the national forest inventory dataset, the CBM-CFS3 calculates live biomass from merchantable 

volume inputs using aboveground expansion parameters calculated for the Montane Cordilleran region of 

British Columbia. Belowground biomass is calculated using regression equations based on leading 

species in the aboveground biomass. 

CBM-CFS3 transfers live biomass to DOM pools depending on the amount of live biomass present, the 

increase or decrease of biomass over time and biomass turnover rates. In addition, the transfer of live 

biomass to DOM pools can also occur as a result of natural and anthropogenic disturbance events. These 

disturbance events can also release carbon stored in live biomass directly to the atmosphere. DOM decay 

rates then control the transfer of DOM to the atmosphere. 
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2.1.2 Model input for the CBM-CFS3 

The model accounts for total carbon stocks across the entire forested landbase and seven input files are 

required to run the CBM-CFS3: 

1. Age class 

2. Disturbance types 

3. Classifiers and values (timber types/analysis units) 

4. Inventory 

5. Growth and yield (merchantable/total volume curves) 

6. Transition rules (rules governing stand dynamics and pre/post harvest yield curves) 

7. Disturbance events 

The TFL 30 landbase classification and timber supply harvest forecast results were prepared and provided 

by Forest Ecosystem Solutions Ltd., and Timberline prepared the ascii delimited input files.  For this 

report a draft base case harvest forecast was used from the Type II Silviculture Analysis.   Timberline had 

difficulty obtaining a copy of the data for the Prince George TSA due to delays in publishing the Timber 

Supply Review input/output files.  As a result no runs were completed for the TSA, however the data was 

prepared for model input and the runs can be completed next fiscal year. 

Several key points regarding model resolution are important to highlight: 

1. The resolution of the analysis is directly related to the definition of land base classifiers and 

corresponding values. Increasing the number of classifiers can lead to a better spatial prediction 

of carbon stock relative to the actual land base. However, the CBM-CFS3 has limited capacity in 

terms of data storage so assignment of these classifiers was carefully considered and tempered as 

a result. 

2. The non-timber harvesting landbase was included to accurately depict the fact that these areas 

may accumulate significant amounts of carbon over time. 

3. Merchantable volume growth trajectories for managed and natural stands are computed separately 

with TIPSY5 and VDYP6 respectively. This means that when stands are harvested in the model 

they will transition to a managed stand and have an increase in carbon stocks due to the carbon 

pool initiation and not the actual harvest event.  Essentially the area harvested in the model has 

been moved from one yield curve (VDYP) to another yield curve (TIPSY). 

                                                                                                                                                             
 
4 For more information on the Prince George Pilot site visit: http://carbon.cfs.nrcan.gc.ca/cbm/modeling_e.html  
5 For more information see https://www.for.gov.bc.ca/hre/gymodels/tipsy/ 
6 For more information see http://www.for.gov.bc.ca/hts/vdyp/  
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4. The analysis approach employed in this project doesn't consider carbon exclusively but rather 

shows the carbon impact of a particular management decision. 

5. Damage resulting from harvesting and natural events (wind throw) or extraordinary silviculture 

practices (fertilization) are not considered in the calculation of baseline carbon stocks. 

6. Carbon calculations are based on forested areas only within the landscape. Non-tree carbon such 

as vegetation and particularly, peat which is known to contain significant amounts of carbon is 

not included in the analysis. 

7. The forest cover inventory doesn't capture many of the non-commercial species observed in a 

forest stand. Moreover, smaller hardwood species such as willow and other non-commercial 

species are generally not considered in the context of timber supply. These species can represent 

considerable carbon. 

2.1.3 Model variables and Carbon Indicators  

It was recommended in the report for FIA projects 2784010 & 2816003 that a monitoring strategy be 

developed for NBP that focuses on specific ecosystem attributes that have well defined and accepted 

measurement protocols, are cost effective to measure and are significant contributors to the overall NBP.  

This recommendation was signed off by Canfor in an email December 2009.  The CBM variables that can 

be estimated from ground sample plot data include above ground biomass from live and dead trees, and 

coarse woody debris.  Cost effective protocols for estimating below ground carbon, soil organic carbon or 

litter carbon are currently not available. Checks on model assumptions and predictions of below ground 

carbon, soil organic carbon, and litter carbon will rely on ongoing research. 

In this model formulation the CBM/CFS3 tracks carbon in twenty one different pools.  Net Biome 

Production was identified as the overall measure of ecosystem carbon and Figure 1 shows the pattern 

(total ecosystem carbon) for the Type II Silviculture Analysis draft base case harvest forecast on TFL30.  

Total DOM is comprised of all the carbon in dead organic matter above and below ground, including soil 

carbon.  Total Bio is comprised of all the carbon in the living biomass above and below ground. 
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Figure 1: Total Stocks for TFL30 

A total of twenty different carbon pools are shown in Figure 1, the carbon indicators for this project are a 

subset of six for dead wood carbon, and four for live tree carbon.  Because the CBM/CFS3 uses yield 

curves as a key input, assumptions such as operational adjustment factors (OAF’s) for regenerated stands, 

and decay waste and breakage (DWB) for mature stands, have an impact on the carbon relationships.  

TIPSY curves were provided for TFL30, whereas the final yield curves were generated with TASS, but 

unavailable for this analysis.  Yield model differences combined with the adjustments between gross and 

net volume will impact the carbon relationships. 

Figure 2 shows the carbon stocks for dead wood carbon (DOM-m), live tree carbon (Live-m) and 

combined (Eco-m).  The increase in carbon stocks after the first third of the planning horizon occurs 

because a second harvest was not scheduled on much of the landbase within CBM/CFS3.  This has to be 

explicitly programmed, and will occur when the final base case harvest schedule is received. The 

consequences are unlikely to have substantive impacts on the early carbon stock forecasts and for 

purposes of this report a draft monitoring target was created from averaging the first 50 years. 
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Figure 2: Carbon stocks for the monitoring program 

2.2 Phase 3 – Monitoring Strategies 

Two monitoring strategies exist, and are based upon how landbase changes and the time period of interest 

will be addressed.   

 

2.2.1 Monitoring Scenario A – Static Indicators 

A static indicator would be defined as an average amount of carbon per hectare measured in metric 

tonnes, plus or minus a variance. It could be defined by estimating current and desired future carbon 

stocks and setting a target and associated variance based on assumed changes over time. Estimates of 

actual carbon stocks required to be reported could be based on temporary sample plots randomly or 

systematically located over the entire target population.  These plots would provide point in time 

estimates of actual tree volume (live and dead) as well as coarse woody debris.  This information along 

with the distribution of national ecozones across the landbase could be used as checks on the CBM inputs 

used to get a point estimate of carbon stocks. 

All values not defined by the user (e.g., below ground carbon, soil organic C) would be estimated based 

on defined relationships in the model.  The monitoring process would therefore simply be point in time 

estimates as required by the reporting schedule.  The advantages of this approach relative to that required 

for monitoring a forecast based indicator (see below) are lower sampling costs and the ability to link the 

temporary sampling to inventory updates (i.e., VRI Phase II sampling).  The primary disadvantages are 
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that estimates of change will have a higher variance and it will not be possible to estimates the 

components of change (mortality, ingress, standing to down dead). 

2.2.2 Monitoring Scenario B – Forecast-based Indicators 

A forecast-based indicator is an indicator of rate of change.  It would be specified in terms of the change 

in carbon stocks over time.  It is more flexible than a static indicator in that expected significant changes 

can be forecast and accounted for.  For example, if the land base conditions are expected to change, based 

on the best available science, to be a net source over a certain time frame due to the Mountain Pine Beetle 

(Dendroctonus ponderosae) (MPB), then this can be quantified.  Forecasts of carbon stocks over time, 

particularly above ground carbon is sensitive to the growth and yield curves input to the CBM.  

Monitoring efforts therefore must focus on measuring change over time and therefore the 

recommendation would be to establish permanent sample plots with tagged trees so that change, and 

components of change, can be more precisely estimated.  This would allow not only a check on the 

growth and yield curves input to the model, but a check on assumed mortality rates, and transitions from 

standing to down dead. 

2.2.3 Process for Developing Indicator Targets 

Draft targets for the carbon indicators were developed as follows: 

1. CBM/CFS3 was calibrated to the local landbases using existing ecozones and any additional data 

for TFL30. 

2. The appropriate indicators were defined, and identified within the model. 

3. A draft base case scenario was defined. 

4. A draft base case scenario was modeled and output generated. 

5. Target values for both types of indicators were extracted from the output. 

The target for a static indicator would essentially be the model output at any one point in time.  In the 

draft base case scenario this equates to 115.8 tonnes of carbon/ha at time 0.  However at time 5 it is 115.4 

tonnes of carbon/ha, time 10 it is 115.0 tonnes of carbon/ha, and continues to change with time.  The 

forecast-based indicator was determined using a 50-year average (first 50 years of the planning horizon) 

of model output, and this was determined to be 112.6 +/- 1.13 tonnes of carbon/ha. 

Neither target provides an assessment of how the landbase is performing relative to a predetermined 

measure or standard.  In addition neither indicates whether the landbase sequesters more or less carbon 

over time, nor do they provide a comparison to other levels of, or the absence of, forest management 

activities.  A comparison to a similar target from a separate scenario would be required, such as the 

change in tonnes/carbon between time 0 and time 50 under a natural disturbance regime without 

management.  
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In both examples, context is critical for establishing the target, and subsequent steps are necessary before 

determining the final result.  Due to the absence of a final base case for the TFL and data time constraints 

for the TSA, this was not done. 

2.2.4 Monitoring Strategy 

The monitoring strategy outlined here defines a process for checking forecast based indicators (scenario 

B).   CBM projections of carbon are sensitive to the merchantable volume equations input into the model, 

not only for projections of carbon accumulation in live biomass over time, but also for the initiation of 

dead organic matter pools.  Merchantable volume equations in turn are highly dependent on the assumed 

site index (site productivity) (Figure 3). 
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Figure 3:  Merchantable volume (m3) and carbon (tonnes) per hectare for individual regenerated 
lodgepole pine stands planted with 1400 stems per ha, site indices 15 (▬), 19 (▬), and 23 (▬). 
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Objectives 

The key to any successful monitoring strategy are well-defined objectives.  What is to be measured 

where, why and how?  As we are using the CBM to predict current and future carbon stocks, the goal of 

the monitoring program becomes one of ensuring that defensible inputs (merchantable volume curves) are 

supplied to the model.  The specific objectives therefore are to: 

1. Measure site productivity (site index) across all stands to ensure that accurate values are being 

supplied to the CBM model via the assigned merchantable volume curves. 

2. Measure tree growth, mortality and ingress by species to ensure that accurate merchantable 

volume curves are being supplied to the CBM model. 

3. Collect incidence and damage data for all major forest health issues over time to check that these 

impacts are being accurately reflected in the yield curves. 

4. Collect repeated measures on coarse woody debris (CWD) to compare to assumed rates of 

change. 

5. Record transitions from standing to fallen dead to provide data to check CBM model 

assumptions. 

6. Use existing proven plot protocols. 

It is important to note that the monitoring program described here assumes that the estimates of forested 

area by stand types will be maintained and updated over time via new inventory line work and attribute 

estimation.  The monitoring program is designed to ensure that accurate productivity and growth 

estimates are assigned to the mapped areas. 

Target Population 

The target population is the population that we want information about.  For carbon monitoring this is the 

carbon inventory boundary that was identified7 as the “defined forest landbase”.  This includes all 

forested area within the legal boundaries of the Prince George TSA and TFL 30 both within and outside 

the timber harvesting landbase and includes areas of recent disturbance that may currently not be forested.  

It excludes all permanent access structures and water bodies. The sampling design relies on accurate line 

work to define the target population. The entire Prince George TSA is approximately 7.5 million hectares. 

Sample Population 

The sample population is ideally the same as the target population.  In some cases this is not possible if 

portions of the target population are impossible to sample due to costs, accessibility or safety concerns.  If 

the sample population is smaller in size than the target population then strictly speaking inferences from 

the data are only applicable to the sample population, not the target population.  The degree to which the 
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inferences can be extended to the target population depends on the differences between the sampled and 

target populations. The final definition of the sample population will depend on a review of the existing 

inventory to determine the feasibility and cost of sampling the entire defined forest landbase (target 

population). 

Linkage to National Forest Inventory (NFI) 

The stated purpose of the NFI is to “… assess and monitor the extent, state and sustainable development 

of Canada’s forests in a timely and accurate manner.”8  The target population is all of Canada.  Sampling 

consists of both remote imagery (photo or satellite) and ground sampling.  Sampling is based on a 4 x 4 

km base grid, with the 20 x 20 km grid (a subset of the 4 x 4 km grid) being the preferred sampling 

intensity.  In BC photo plots have been established at 2,419 20 km grid locations.  Ground plots have 

been established at 268 20 km grid points randomly chosen from the photo plot locations.9 

The NFI ground plot design used in BC10 is well suited for carbon monitoring.  Briefly, it consists of 

several circular fixed area plots for sampling different tree sizes, ecological and soils information plus 

transects for coarse woody debris.  

Both the systematic grid sampling design and the plot design are well suited to meet the carbon 

monitoring objectives.  It is proposed that any carbon monitoring programs use the NFI sample and plot 

designs as a basis for collecting the necessary information in a statistically defensible manner with a 

proven ground plot design. 

Linkage to Potential Change Monitoring Inventory (CMI) Programs 

The plots established for carbon monitoring could also be used to meet the common objectives of a CMI 

program. These programs often focus on ensuring that regenerated stands are growing as predicted in 

timber supply.  The plots established in regenerated stands under the carbon monitoring strategy could be 

used as CMI plots.  There would be no reason to establish a separate set of plots. 

Sample Selection 

It is proposed that a systematic grid sample based on the NFI 20 km grid be used.  Pre-stratification of the 

target population into mature and regenerated stands will be considered as the rate of change is higher in 

                                                                                                                                                             
 
7 Report for FIA projects 2784010 & 2816003 
8 Canada’s national forest inventory: design overview.  February 24, 2004.  Version 3.2.   
https://nfi.nfis.org/documentation/general/Design_overview_v3.2.pdf 
9 Reporting British Columbia Forest Resource and its changes from the national forest inventory photo-plot 
database.  March 2008. Forest analysis and inventory branch, BC Ministry of Forests and Range. 
http://www.for.gov.bc.ca/hts/nfi/reports/nfi_changes_photoplot_2008.pdf  
10 National Forest Inventory – British Columbia. Change monitoring procedures for provincial and national 
reporting. March 31, 2005. Version 1.4. 
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regenerated stands possibly necessitating a higher sampling intensity.  A recent review of the NFI 

database indicates that 153 NFI plots lie within the PG TSA, 19 have had a field measurement completed, 

and 1 was partially complete.  Of the six on TFL30, three have had a field measurement completed.  An 

assessment was not done to determine which plots lie within the target population.  

Sample Size 

Sample size will depend heavily on the budget available over time to maintain the program.  Over the 

entire 7.5 million hectares of the PG TSA a 20 km grid will provide approximately 188 sample locations 

(Error! Reference source not found.).  A fixed grid size can also be randomly sampled to provide a 

smaller sample size, or every second point could be systematically sampled to provide half the sample 

size. Sample size options will also consider the distribution of plots across the stand types on the TSA. 

Table 1: Approximate number of sample points on the entire PG TSA with different grid sizes 

Grid size (km) Ha/plot Plots on TSA 

5 2,500 3,000 

10 10,000 750 

20 40,000 188 

40 160,000 47 

 
 

Sample Plot Design 

It is proposed that plot design follows the NFI-BC protocol for tree attributes (Figure 4)10. The main plot 

is 400 m2 (11.28 m radius) where all trees greater than 9.0 cm are measured and tagged. Trees between 4 

and 9 cm are measured and tagged in the small tree plot (100 m2, 5.64 m radius), and all trees less than 4 

cm dbh and greater than 30 cm tall are counted in the regeneration plot (19.6 m2, 2.50 m radius).  

 

 

 

Figure 4: Monitoring sample plot 

 

 

                                                                                                                                                             
 
http://ilmbwww.gov.bc.ca/risc/pubs/teveg/nficmp05/nfi_cmp_2k5.pdf 

N 

11.28 m Main Plot 
plot 

2.50 m Regeneration Plot 

5.64 m Small-tree Plot 



13 
 

 

Coarse woody debris measurements are taken on two 30 m transects that originate at plot centre.  The first 

is at a randomly chosen bearing and the second is at plus 90 degrees from the first. 

Modifications to Plot Measurements 

The following are preliminary suggested modifications to the BC-NFI sample plot design that will reduce 

plot establishment costs and still collect the data necessary to meet the objectives.  The following 

information that will not be collected: 

1. Ecological data plots (10 m radius): A visual estimate of the biogeoclimatic site series will be 

recorded on the Ecology Header (EH) card. 

2. Forage production and fine woody debris micro plots. 

3. Soils data. 

4. Old growth data. 

Modifications to the CWD sampling include only measuring pieces 7.6 cm and larger (as opposed to 

down to 1.1 cm) and permanently marking 10 and 20 m along the transect, in addition to the end, to aid in 

future re-measurement. 

Edge plots are those that are not fully in a single stand type.  They may straddle two inventory polygons 

or be partially in a forested area and partially on a road, or in a creek.  It is proposed that plots that 

straddle two inventory polygons (areas that would be assigned different yield curves for carbon 

budgeting) be mapped so that the area of the plot in each stand type can be calculated.  If only a portion of 

a plot lands in a forested area (an area to which a yield curve would be assigned) then it is proposed that 

the walk-through method11 by used to avoid the bias associated with not properly correcting for the 

sample selection probabilities of trees along edges.  

Data Management 

The MFR TIMVEG12 program can be used to enter the data into the MFR database so the data can be 

maintained by the government and licensees (if desired).  The TIMVEG program also provides error 

checking. 

Data Analysis and Interpretation 

The overall goal of the analysis is to provide a level of comfort that the merchantable volume curves (and 

associated site index values) supplied to the CBM model reflect the merchantable volume and changes in 

merchantable volume over time observed on the ground plots. This will then provide a level of comfort 

                                                 
 
11 Ducey, M.J., Gove, J.H., and Valentine, H.T. 2004. A walkthrough solution to the boundary overlap problem. For. 
Sci. 50(4):427-435. 
12 For more information see http://www.for.gov.bc.ca/hts/vri/software/index.html#timveg 
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that the CBM projections are as accurate as possible.  The analysis results serves as an early warning 

system should the modelled assumptions not be achieved on the ground. 

There are two main potential sources of error when using models.  The first is errors within the model; the 

model produces inaccurate results despite being supplied with accurate inputs.  When developing models, 

the modellers use model validation techniques to minimize these errors.  Model validation often uses data 

from plots purposely located across a range of conditions (response surface) to ensure the model is 

performing correctly.  The second is model application error. Model application error can result from 

incorrect inputs being supplied to the model or model results being extrapolated to situations the model 

has not been calibrated for.  If, for example, the monitoring data detects significant differences between 

the merchantable volumes predicted for a specific stand type and that observed on the ground, the 

differences could be due to model errors or model application errors.  The intent of the analysis is to 

“raise a red flag” that something is wrong.  Given the limited sample sizes, and the inability of the 

sampling design to definitively determine cause and effect, the ultimate cause of the problem may not 

always be discernable from the monitoring data.   

Point in time estimates of site index and merchantable volume will be provided after the first 

measurement. These estimates can be compared to the values assigned to the forested polygons where the 

plots land.  Change can be estimated when two or more measurements are completed and differences 

between the measured and predicted attributes of interest can be estimated. Graphical analysis will 

include plotting actual versus predicted values and plotting differences (actual-predicted) versus stand age 

or any other chosen variables to examine trends. The statistical analysis will include the average 

differences and associated confidence intervals. 

The graphical and statistical analysis methods are intended as tools to examine the data for possible 

overall trends of over- or under-prediction; these analyses are not meant as definitive tests. If the analyses 

suggest over- or under-prediction, then possible sources of the differences should be identified. For 

example, when considering volume estimates, potential factors to consider as sources of mean error are 

the differences between the inventory inputs to the model and the actual stand attributes. Potential 

inventory attributes to examine include stocking, site index, treatment, species composition, stand 

structure, and pest or disease incidence. 
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3.0 DISCUSSION AND RESULTS 

3.1 Phase 4 – Presentation and Review of Indicators  

After discussions with the Canfor Contract manager, Timberline delivered a 1.5 hour workshop for 

Canfor staff that reviewed the progression of indicator development from the Literature review to the 

identification of the 6 indicators, and delivered this August 28, 2009.  Links between the indicators, CSA 

requirements, and evolving greenhouse gas inventory procedures were discussed.  Five principles were 

developed to provide context in identifying which candidate indicators should be selected as the carbon 

indicators for the TFL30 and the PG Forest District SFMPs and these principles were adapted from two 

World Resources Institute publications.13 14  A compilation of all the carbon indicators Canfor is currently 

using was presented and a final set of indicators was recommended.  Canfor deliberated and provided a 

final set of indicators December 16th.  

3.2 Additional Considerations  

While identifying indicators for carbon is the primary focus of this project there is a larger context in 

which these indicators must be considered. The literature review and discussion with experts has 

highlighted several other issues which Canfor has identified as being important to their carbon 

management strategy.    

3.2.1 Other carbon indicators 

Parallel to this project, several SFMP-related initiatives have been ongoing and other carbon-related 

indicators have been proposed and/or developed in relation to Canfor’s Defined Forest Areas (DFA).  

Tables 1 through 7 illustrate the evolution of SFMP-related indicators outside this project.  Tables 1 

through 4 summarize the Z809-02 carbon-related indicators in Canfor Prince George TSA and TFL30 

DFA’s.  

 

 

 

                                                 
 
13 World Resources Institute 2004.  The Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard, 
Revised Edition.  http://www.wri.org/publication 113 pages 
14 World Resources Institute 2006.  The Greenhouse Gas Protocol: The Land Use, Land Use Change, and Forestry 
Guidance for GHG Project Accounting. http://www.wri.org/publication 100 pages 
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Table 2: Fort St. James Forest District Z809-02 carbon-related indicators 

CSA Element Z809-02 Indicator 

4.1  Carbon Uptake and 
Storage 

2. Maintain “old forest” within each NDU (merged BEC) 

23. Percent of audited cutblocks harvested where post harvest CWD levels are 
within the acceptable natural range of variability (as stated in m3/ha) 

34. Percentage of blocks > 1.0 ha harvested 3 years prior to the reporting 
period that have been reforested 

37. Percentage of standards units declared annually that meet free growing 
requirements on or before the late free growing date 

4.2  Forest Land 
Conversion 

25. The total percent of forested land within the Timber Harvesting Landbase 
that is converted to non-forest land 

34. Percentage of blocks > 1.0 ha harvested 3 years prior to the reporting 
period that have been reforested 

21. Percentage of cutblocks harvested having mappable non-forested types (> 
0.5 ha) that are artificially converted to forested types through aforestation 
treatments 

22. Existing areas of non-forested types artificially converted to forested types 

 

Table 3: Prince George Forest District Z809-02 carbon-related indicators 

CSA Element Z809-02 Indicator 

4.1  Carbon Uptake and 
Storage 

28. Percent of net area regenerated within 3 years after commencement of 
harvesting 

30. Percent of cut block area that meets Free Growing requirements as 
identified in Site Plans 

31. Areas with stand damaging agents will be prioritized for treatment 

4.2  Forest Land 
Conversion 

21. The percentage of cutblock area occupied by total permanent access 
structures 

32. The total percent of forested land within the Timber Harvesting Landbase 
that is converted to non-forested land 

 

Table 4: Vanderhoof Forest District Z809-02 carbon-related indicators 

CSA Element Z809-02 Indicator 

4.1  Carbon Uptake and 
Storage 

27. Carbon Monitoring Plan is implemented for forest ecosystem biomass and 
carbon pools 

28. The percentage of blocks where a portion of the residual wood is utilized 
or left on block to contribute to other values 

29. Annually, total volume (m3/ha) of timber harvested in the DFA (actual) 

4.2  Forest Land 
Conversion 

15. The percent conformance with the Access Management Plan 

16. Effectiveness Monitoring Plans are developed and implemented for 
selected access management areas to continuously improve access points 

14. The percentage of area within the THLB in permanent access 
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Table 5: Tree Farm Licence 30 Z809-02 carbon-related indicators 

CSA Element Z809-02 Indicator 

4.1  Carbon Uptake and 
Storage 

28. Percentage of net area regenerated within 3 years after the completion of 
harvesting 

29. Percentage of cut block area that meets Free Growing requirements as 
identified in Site Plans 

30. The amount of carbon stored in forest ecosystems within the DFA 

4.2  Forest Land 
Conversion 

21a. The total percentage of forested land area occupied by permanent access 
structures 

21b. The percentage of the productive forested land area converted to other 
non-forested areas 

 

In moving towards the new Z809-08 standard, a preliminary set of proposed core indicators that could 

apply to all of Canfor’s DFAs was identified.  Those related to carbon are shown in Table 6. 

Table 6: Preliminary core indicators 

CSA Element Z809-08 Core 

Indicator 

Proposed Common Indicator 

4.1  Carbon Uptake and 
Storage 

4.1.1 Net carbon uptake C23. Average carbon (C) sequestration rate in 
forest ecosystems in the DFA (Mg C/year) 
(captures reforestation) 

C24. Ecosystem carbon storage in the DFA 

C25. Average carbon (C) output rate in the DFA 
(Mg C/year (includes harvest release, fuel use, 
electricity, etc.) 

4.2  Forest Land 
Conversion 

2.2.1 Additions and 
deletions to the forest 
area 

C26. Percent of CFLB in the DFA converted to 
non-forest land use through forest management 
activities (reported every 5 yrs with TSR) (includes 
roads, landings, pits, quarries, landslides, camps, 
SUP’s) 

 

Through a review process the carbon indicators in Table 5 were revised, and are summarized in Table 7. 
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Table 7: Revised preliminary indicators 

CSA Element Z809-08 Core 

Indicator 

Proposed Common Indicator 

4.1  Carbon Uptake and 
Storage 

4.1.1 Net carbon uptake C23. Average regeneration delay period 

C24. Net carbon production as measured by MFR 
model outputs 

C25. Net biome production as measured at periodic 
provincial timber supply analysis intervals 

4.2  Forest Land 
Conversion 

2.2.1 Additions and 
deletions to the forest 
area 

C26. Percent of CFLB in the DFA converted to 
non-forest land use through forest management 
activities (reported every 5 yrs with TSR) (includes 
roads, landings, pits, quarries, landslides, camps, 
SUP’s) 

 

As part of an SFMP Synchronization and Simplification project (FIA #8033022 & FIA #8064005), an 

array of possible indicators were developed by Timberline (and two external CSA experts); Table 8 lists 

these. 

Table 8: Potential Carbon indicators to meet Z809-08 standards 

CSA Element Z809-08 Core 

Indicator 

Proposed New Indicator 

4.1 Carbon Uptake and 
Storage 

4.1.1 Net carbon uptake N7. Positive progress towards desired age-class 
distribution across the DFA by NDT 

N8. Progress towards desired seral stage 
distribution across the DFA 

N9. Provide for a variety of age class distribution 
across the landscape with targets for Old.  Maintain 
the retention of existing (or replacement of) old 
growth management areas 

2.1.1 Reforestation 
success 

N36. Percentage of reforested area in accordance 
with applicable stocking standard within 3 years 

N37. Average Regeneration delay from completion 
of harvest unit. (Both Planted and Natural targets) 

N38. Free-growing Achievement.  Percentage of 
area surveyed in given year meeting the free-
growing standard  and record number of years by 
which late free-growing is "beat" 

N46. Report annually on total and well-spaced 
trees at free-growing; relative to minimum and 
target stocking levels. Achievement of the "Target" 
free-growing stocking levels contained in the SP 
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CSA Element Z809-08 Core 

Indicator 

Proposed New Indicator 

4.2  Forest Land 
Conversion 

2.2.1 Additions and 
deletions to the forest 
area 

N39. Maintain the THLB in the TSR relating to 
roads and permanent removals related to industrial 
activity.  Intent is to minimize the impact of 
permanent access structures and conversion to non-
forest lands based on THLB in recent TSR 

N40. Percent of cutblocks harvested where the soil 
disturbance limits identified in the site plan are 
exceeded (typically 5% on sensitive soils and 10% 
on other soils) 

N41. The percentage of forest operations consistent 
with riparian reserve requirements as identified in 
site plans 

N42. The percentage of harvested cutblock areas, 
on average occupied by total permanent access 
structures 

 

3.2.2 Impacts of Management on Carbon Storage 

The relationship between management practices and carbon sequestration is a burgeoning field of study.  

An exhaustive study was beyond the scope of this project, however a synopsis of two recent reports is 

provided. 

Development of Forest Carbon Management Options for BC15 

This draft report identifies preliminary relationships between BC management practices and implications 

to sequestration of Carbon. A literature review was undertaken, key gaps were identified, preliminary 

stand-level modeling initiated with changes in ecosystem Carbon as a result of the management activities 

identified.  The ESSA report concludes “The literature review has shown us the paucity of published data 

that are both directly relevant to BC and that contain the information required to make decisions. The 

review showed that impacts can vary widely, depending on treatments, sites, stand history, and time since 

the treatment.”  A final report is expected to be completed by March 31, 2010. 

The effects of Forest management on Carbon Storage in Ontario’s Forests16 

This report examines the effects of forest management on the Carbon balance of Ontario’s forests. Ten 

forest management activities were examined and preliminary estimates for Carbon storage were created 

based on simplified assumptions about forest productivity and species composition. With the exception of 

                                                 
 
15 ESSA Technologies Ltd. 2009, Draft report to Brian Raymer, BC Ministry of Forests, Victoria BC. 
16 Colombo, S.J. Ontario Ministry of Natural Resources, Applied Research and Development, 2005 
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thinning, all of the management practices examined can be used to increase forest C storage during a 

rotation.  

3.2.3 Natural Disturbances 

Natural disturbance processes are an inherent part of the landscape yet contribute to carbon emissions 

rather than carbon storage. Specific research was not completed on the implications of natural 

disturbances to Carbon storage.  To understand the consequence of such activities a simple combination 

of different harvest/disturbance regimes linked with the CBM-CFS3 model will illustrate the implications.  

3.2.4 Carbon Credits and Carbon Accounting 

Global warming and climate change have come to the forefront as key sustainability issues, and many 

organizations are taking steps to understand the full profile of their Greenhouse Gasses (GHG) emissions.  

While the final indicators discussed in Section 2.1.3 above are one component of an overall carbon 

accounting process, the scope of the indicators identified in the literature review clearly stretched well 

into this emerging arena.  Carbon accounting of GHGs is the essential first step to determine a carbon 

footprint, it follows standardized approaches and principles for GHG inventories, and allows the 

determination of a true and fair accounting of emissions. 

A GHG emissions inventory includes a measure of both direct and indirect emission sources. Direct 

emissions come from sources such as generation of electricity, or fuel usage while indirect emissions may 

include the energy usage and emissions of suppliers.   The inventory of projects and practices used to 

reduce GHG emissions involves a comparison of the operation’s practices compared to an industry base 

standard as well as an accounting of any projects used to offset carbon emissions. 

Central to the foundation of an emerging carbon economy are social, policy and legal mandates that 

encourage the reduction of GHG emissions beyond some threshold level. Emission thresholds are 

designed to impose a real cost (through tax, emission ceiling, or public opinion) on producers of GHGs. 

These costs in turn create a demand for offsets. Offsets are reductions or removals of GHG, in this case 

carbon dioxide (CO2), which are used to counterbalance emissions which otherwise could not be avoided 

due to technological or financial limitations. These offsets are tradable on a number of exchanges or 

purchased directly from independent suppliers. 

Although the specific accounting framework for tradable/saleable carbon offsets is likely to change over 

time, and for the intended market, there are a number of commonalities expected under any marketing 

scenario. Carbon offsets should be: 

• Additional – The project is over and above what would occur under the status-quo and are surplus 

to any legal requirement; 
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• Permanent – The proposed method of sequestration should be able to store carbon indefinitely 

(some protocols use 100 years) without release to the atmosphere and should account for leakage 

through insurance, reserve pools, and/or buffers; 

• Measured and verifiable – The amount of carbon being sequestered can be measured to enable 

verification of offsets should the marketing scenario require it; and 

• Registered – To avoid double counting of each unit of sequestered carbon, a clear chain of 

custody is necessary. 

An expected characteristic of a carbon economy are two very different transaction or marketing 

conditions: ex-ante and ex-post. Ex-ante describes the sale of carbon offsets before the physical 

sequestration of the carbon occurs, whereas ex-post describes the sale of offsets after the sequestration 

(and often verification) has taken place. Forward-sell systems are those in which payment to the offset 

provider is in advance for carbon offsets but carries an obligation to produce the marketed carbon over a 

defined period; in this scheme, offset providers contractually bear the risk of plantation loss or inaccurate 

projections. In contrast, a forward credit system is one in which the offset provider is paid to develop 

offsets without a future obligation on the physical carbon storage; buyers have no guarantee on the actual 

carbon offset. The calculation of the up-front payments of either ex-ante system is straightforward, not 

time sensitive, and therefore do not require the need to discount future value and costs. Under an ex-post 

system, holdback of payment occurs until carbon stock verification.  The implications of future costs, 

offset value and discount rates are critical and a more complex discounting approach is required. 

The Parties to the UN Framework Convention on Climate Change (UNFCCC) agreed to define forest for 

the purposes of Articles 3.3 of the Kyoto Protocol. However, that definition left significant latitude for 

individual countries to set a minimum crown density threshold in defining forest cover.  The true carbon 

offset opportunity of any area is largely dependent on the protocol required by trading exchanges or 

individual buyers. 

Locally, protocols are under development for BC and have been developed for Alberta; each is geared 

toward a specific buyer.  For example, forest-based carbon credits to be purchased by the BC Pacific 

Carbon Trust must follow the BC Forest Offset Protocol; however BC forest-based carbon credits can be 

grown and sold under different protocol (ex. 2009 Voluntary Carbon Standard Improved Forest 

Management - Logged to Protected Forest (IFM-LtPF) on Fee Simple Forested Properties in Canada). 

3.2.5 Carbon Markets 

In their May 2009 report State and Trends of the Carbon Market 200917, The World Bank estimates that 

in 2008, the global Carbon Market (regulated and voluntary) reached a total transaction value of over US$ 

126 Billion. Over 95% of this value was generated in the trading of allowances and derivatives under the 

European Union Emissions Trading Scheme, and the value of sales/purchases of spot, futures and options 

                                                 
 
17 State and Trends of the Carbon Market 2009, The World Bank, Washington DC, May 2009 
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transactions within the financial markets. The remaining 5% is attributed to project-based markets or 

offset markets such as fuel switching, solar power, HFC recovery, and various forestry initiatives. 

The US$ 126 Billion global market can be dissected differently as comprising 99.7% regulatory inspired 

transactions and 0.3% (US$ 397 million) voluntary transactions, with a similar variety of offset projects 

comprise the 0.3%.  A key point is that no value was attributed to North American based forest offset 

projects in this analysis. 

Canada and the United States operate under a hodge-podge of registration and protocol systems, and most 

offsets are sold into various voluntary markets. Several Provinces and States are discussing, or have draft, 

cap and trade legislation written, and a comprehensive bill containing cap and trade measures and 

aggressive emissions reductions targets is under discussion in the USA.  As a result, a free-for-all has 

developed in that a variety of businesses offer a variety of North American-based offsets, utilizing a 

variety of forest offset protocols, with a variety of sustainability add-ons, all generally tailored to the 

voluntary market.  A recent survey18  by the David Suzuki Foundation and the Pembina Institute 

identified twenty different organizations offering offset services to Canada. Fourteen of these businesses 

are located in Canada, seven offer afforestation/reforestation projects, and six offer these projects within 

Canada. 

Despite the variety of international treaties, national policy, legislation, business preferences, and forestry 

protocols, there are several general steps required for any afforestation project. 

1. Develop a project plan:  Afforestation credits are sold on a “project” basis, so an individual 

project plan needs to be created. This plan defines the project area, identifies the greenhouse 

gasses that will be tracked, identifies the specific sources, sinks and reservoirs, defines the 

quantification methods, the time periods of sequestration, provides an assessment of risk and 

how it will be managed, addresses the test of leakage, describes how reductions will be 

achieved, identifies information sharing if/where appropriate, and identifies the specific 

protocol. 

2. Establishment of a carbon baseline: Specifications differ between protocols and could 

include assessments of soil carbon, and volumes of existing vegetation, coarse and fine 

woody debris. Sample intensity and cost will be driven by the size of the afforestation project 

and variability of the prospective location. 

3. Development of a silviculture regime: An assessment of site productivity is critical for 

forecasting growth, and the identification of an appropriate silviculture regime will help 

solidify costs. Species planning can be simple, or, where several species choices exist, more 

complex to examine the tradeoffs between growth, carbon accumulation and value. 

                                                 
 
18 Purchasing Carbon Offsets, a Guide for Canadian Consumers, Businesses and Organizations, 2009 
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4. Plantation establishment and installation of the monitoring plots: Operational 

implementation that includes site preparation, tree planting and establishment of long-term 

monitoring plots. 

5. Preparation of an establishment report: The format and content differs, but most protocols 

require the production of an establishment report. The report usually includes a summary of 

the site, the silviculture prescription, the initial analysis of tree and soils data, locations of 

monitoring plots and description of protocols. 

6. Preparation of a regeneration establishment report:  A regeneration establishment report 

is usually required and summarizes first year or early mortality, and contains follow-up 

recommendations. 

7. Preparation of a monitoring report: This report documents the first measurement and 

provides an assessment of carbon accumulation and changes to-date, with follow-up 

recommendations. The timing of this report depends upon the protocol, growth rates, and 

commitments within the Project Plan. 

8. Credit validation: Third party validation for carbon certification can occur at various places 

in the sequence and depends upon the protocol being followed. This certificate is usually 

attached to the project and provides the purchaser with an independent assessment of the 

carbon credit. 

9. Insurance:  Since the slow growth rates in Canada increase the risk of plantation loss each 

year, some protocols may require that a guarantee be provided. This could be in the form of 

“banked” and unsold credits, another type of offset or as insurance. 
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4.0 RECOMMENDATIONS  

The following activities are recommended for TFL30 next fiscal year: 

1. Select one method of determining the carbon indicator target;   

2. Obtain the final base case for TFL30 from the Type II analysis and complete the carbon analysis; 

3. Determine the target; and, 

4. Ensure that the monitoring protocols above are incorporated into the CMI program 

5. Complete a final report 

The following activities are recommended for the Prince George TSA: 

1. Select one method of determining the carbon indicator target;   

2. Run three carbon scenarios for the PG TSA that correspond the three scenarios identified in the 

recent Timber Supply Review; 

3. Review these with Canfor, select one and complete the carbon analysis; 

4. Determine the target; and, 

5. Ensure that the monitoring protocols above are incorporated into the CMI program 

6. Complete a final report 

 

 


