
  

 

 

Interim Report for  

The Development of Forest Carbon Indicators  

and Monitoring Strategies  

for the Prince George Forest District & TFL 30 
FIA Project 2784010 & 2816003 

 

March 31, 2009 

 
 

Submitted to: 

 

Bruce Bradley, RPF 

Canadian Forest Products Ltd. 

Administration Centre 

5162 Northwood Pulpmill Road 

Prince George, B.C. 

 

Submitted by: 

 

Timberline Natural Resource Group Ltd. 

Suite 201 

175 Fourth Avenue 

Kamloops BC 

V2C 3N3 

 

Phone: (250) 314-0875 

Fax: (250) 314-0871 

 

Contact Person: 

Sean Curry, RPF 

Forestry Manager 

E-mail: sean.curry@timberline.ca 

 

 

 



 

i 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page is left intentionally blank 

 

 

 



 

ii 

 

TABLE OF CONTENTS 

1.0 INTRODUCTION .............................................................................................................................................. 1 

1.1 TERMS OF REFERENCE ..................................................................................................................................... 1 

1.2 BACKGROUND .................................................................................................................................................. 1 

1.3 PROJECT GOALS ............................................................................................................................................... 2 

1.4 PROJECT PHASES .............................................................................................................................................. 2 

2.0 PROJECT OVERVIEW ................................................................................................................................... 3 

2.1 PROJECT AREA ................................................................................................................................................. 3 

2.2 METHODOLOGY ............................................................................................................................................... 3 

3.0 COMPLETED TO-DATE ................................................................................................................................. 5 

3.1 PHASE 1 – CCFM / CSA SFM CRITERION AND INDICATOR LITERATURE REVIEW ........................................... 5 

3.2 PHASE 2 – CARBON INDICATOR CANDIDATES, PORTIONS OF PHASE 5 .............................................................. 6 

3.2.1 Expert Review ........................................................................................................................................ 6 

3.2.2 SMART Review ...................................................................................................................................... 7 

3.3 PHASE 3 – DEVELOP DRAFT TARGETS AND MONITORING STRATEGIES .......................................................... 10 

3.3.1 Carbon Budget Model .......................................................................................................................... 10 

3.3.2 What to Monitor? ................................................................................................................................. 11 

3.3.3 Where to Monitor? ............................................................................................................................... 11 

3.3.4 How to Monitor? .................................................................................................................................. 11 

3.3.5 Monitoring Scenario A – Static Indicators .......................................................................................... 12 

3.3.6 Monitoring Scenario B – Forecast-based Indicators ........................................................................... 12 

3.3.7 Process for Developing Indicator Targets ........................................................................................... 12 

4.0 TO BE COMPLETED IN 2009/2010 ............................................................................................................. 14 

4.1 PHASE 3 – FINALIZE TARGETS AND MONITORING STRATEGIES ...................................................................... 14 

4.2 PHASE 4 – PRESENTATION AND REVIEW OF INDICATORS ............................................................................... 14 

4.3 PHASE 5 – REVIEW OF LARGER CONTEXT ...................................................................................................... 14 

4.4 PHASE 6 - FINAL REPORT ............................................................................................................................... 15 

APPENDIX I – CARBON EXPERT SUMMARY ................................................................................................. 16 

 

 

LIST OF TABLES 

Table 1:  Expert review summary ................................................................................................................. 6 

Table 2:  Candidate Indicator Summary ....................................................................................................... 9 

Table 3:  Indicators and CBM variables ..................................................................................................... 10 

 
 

 

LIST OF FIGURES 

 

Figure 1:  The conceptual model used to develop carbon indicators and their monitoring strategies. ......... 4 

 



 

iii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
This page is left intentionally blank 

 



 

1 

 

1.0 INTRODUCTION 

1.1 Terms of Reference 

This report was completed by Timberline Natural Resource Group (Timberline) for Canadian Forest 

Products Ltd. (Canfor).  The Canfor project manager is Bruce Bradley, RPF.  The Timberline project 

team includes Sean Curry, RPF (project manager), Eleanor McWilliams, RPF (project support), and 

David Coster (project support).  This is a Forest Investment Account (FIA) funded project. 

1.2 Background 

In 1996 the Canadian Standards Association (CSA) developed a voluntary Sustainable Forest 

Management (SFM) standard, CSA Z809, based upon the criteria for SFM previously defined by the 

Canadian Council of Forest Ministers (CCFM). The CCFM standard was updated in 2003, and is 

characterized by several key concepts:
1
  

• 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.   

 

The Z809-02 standard is undergoing some modifications, and these were reviewed; however, a final 

standard has not been released at the time of this report.   

CSA certification requirements with respect to carbon are captured in Criterion 4 - Forest Ecosystem 

Contributions to Global Ecological Cycles (CSA Z809
2
).  The purpose of this criterion is 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 (PAG) 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. 

Final decisions regarding changes to the CSA SFM element “4.1 Carbon Uptake and Storage”, within the 

Z809-08 draft standard have not been announced.  However potential changes were considered in the 

identification of candidate indicators. 

 

                                                 
1
 http://www.ccmf.org/english/coreproducts-criteria_in.asp - accessed\March 31 2009. 

2 http://www.csa.ca/%5Crepository%5Cgroup%5CZ809-02july.pdf - accessed February 20, 2008. 
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The nationally developed CCFM Criteria and Indicators (CCFM 2003) formed the basis of the literature 

review and the search for candidate indicators.  The CCFM framework will continue to be used as a 

guide, to further refine candidate indicators, as well as identify targets and monitoring protocols. 

1.3 Project Goals 

The overall goals of this project are to: 

1. develop carbon indicators as potential candidates for meeting CSA SFM certification 

requirements in the Prince George Timber Supply Area and TFL 30 (candidate indicators will be 

the same for both areas);  

2. develop monitoring strategies for each carbon indicator in the PG Forest District and TFL 30; 

strategies may differ based on the specificity of the carbon indicators and how they may relate to 

ecosystem function (i.e. growth potential) as well as data availability and PAG input; 

3. prepare recommendations for each PAG toward implementing new carbon indicators including 

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

1.4 Project Phases 

The specific phases of the project designed to attain the overall project goals are to:  

1. review CCFM/CSA SFM criterion and indicators literature (Phase 1 - Section 3.1); 

2. select carbon indicator candidates (Phase 2 - Section 3.2); 

3. develop targets and monitoring strategies (Phase 3 – Section 3.3); 

4. present and review candidate indicators (Phase 4 - Section 4.2); 

5. review of larger context (Phase 5 - Section 4.3); and 

6. complete final reporting (Phase 6 - Section 4.4). 

 

This project was originally scheduled to be completed March 31, 2009.  However, delays were 

experienced because the new CSA standards were not released until recently, and the Project team wanted 

to wait as long as possible to incorporate any changes.  In addition, changes in project management staff 

at Timberline Natural Resources Group (Timberline), workload constraints within Canfor, availability of 

experts and the timing and agendas of PAG meetings all contributed to a slower than anticipated project 

progress.  Consequently, as of March 31, 2009 Phases 1 and 2, and portions of Phases 3, 4 and 5 have 

been completed.  Therefore, this report outlines the work completed to date and identifies remaining work 

by project phase for fiscal year 2009/2010. 
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2.0 PROJECT OVERVIEW 

2.1 Project Area 

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

located in the Prince George area, the Prince George Forest District and TFL 30, and all activities of this 

project were conducted simultaneously for both units. There will be two sets of outputs from this project 

for the two areas – each unit requires its own stand alone set of carbon indicators and associated 

monitoring strategies, PAG consultation and approval and final report. However, there is considerable 

overlap in the indicator development stages (indicators for both the District and TFL will be similar), 

which is reflected in this report.  

2.2 Methodology 

The key to identifying appropriate SFM indicators for carbon begins with a review of national level 

criteria and indicators, legislation that drives forest management practices and the practices themselves. 

Additionally, the most current, scientifically defensible information available must be assessed to 

determine the role in which it can assist in the identification of meaningful (SMART
3
) indicators.  

Appropriate indicators can then be used by Canfor to monitor the impact of decisions made at the forest 

management level that may impact the level of carbon stored in the forest. They can also assist forest 

carbon management and/or augmentation by focusing forest management practices that result in 

additional growth of a forest stand, and associated carbon gains
4
. 

The following six phases were defined for the overall project (Figure 1):  

Phase 1 – CCFM/CSA SFM Criterion and Indicators Literature Review 

Phase 2 – Selection of Carbon Indicator Candidates 

Phase 3 – Develop Targets and Monitoring Strategies 

Phase 4 – Presentation and Review of Indicators 

Phase 5 – Review of Larger Context 

Phase 6 – Final Report 

 

As recommended by Wiedman and Minx 
5
 the key metric used for all carbon indicators will be in tonnes 

of carbon in the managed forest.  

 

  

 

                                                 
3
 SMART indicators are: Specific, Measurable, Achievable, Repeatable and Time bound. 

4
 ICF International. 2007. Quantification Protocol for Forest Carbon Management Projects. A Report Submitted to 

Alberta Environment. 
5
 Wiedman, T. and J. Minx. 2007. A Definition of ‘Carbon Footprint’. ISA

UK
 Research Report 07-01. Available 

online at: http://www.isa-research.co.uk/docs/ISA-UK_Report_07-01_carbon_footprint.pdf - accessed February 25, 

2008. 
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Figure 1:  The conceptual model used to develop carbon indicators and their monitoring strategies. 
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3.0 COMPLETED TO-DATE 

3.1 Phase 1 – CCFM / CSA SFM Criterion and Indicator Literature Review  

The CCFM indicators
1
 were used as a guide to conduct a comprehensive review of the literature as it 

pertains to carbon and the forest industry - carbon sequestration, monitoring and management.  The 

primary focus of this review was to gather information about existing indicators that measure carbon and 

assess them for their utility and local relevance.  

 

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 measuring and monitoring carbon, 

were also reviewed.  The literature review resulted in the identification of the following candidate 

indicators: 

 

Forest ecosystem indicators: 

1. Forest ecosystem carbon storage by forest type and age class 

2. Net carbon uptake/balance 

3. Above-ground carbon reservoir 

4. Below-ground carbon reservoir 

5. Dead wood and litter carbon reservoir 

6. Soil organic carbon reservoir 

 

Forest products indicators: 

7. Tonnes of carbon by product type 

8. Oxidization rates by product type 

 

Forest sector indicators: 

9. Carbon emissions from all fuel burned by all Canfor owned, leased and rented vehicles and 

machines.  

10. Carbon emissions from all fuel burned by all vehicles on contract to Canfor.  

11. Carbon emissions from all aircraft fuel burned by helicopter or airplane on contract to Canfor.  

12. Carbon emissions from all aircraft fuel burned by all Canfor related employee travel.  

13. Carbon emissions from all the energy produced by Canfor for use in their offices, buildings and 

manufacturing facilities. 

14. Carbon emissions from all fuel burned by all Canfor employees’ travel to and from work. 

15. Carbon emissions from all the electricity purchased from an outside source and consumed by 

Canfor in their offices, buildings, greenhouses, and manufacturing facilities. 

16. Carbon emissions from all fuel burned by Canfor’s suppliers while conducting business directly 

related to Canfor.  
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3.2 Phase 2 – Carbon Indicator Candidates, portions of Phase 5 

Through a two-step process of consultation with carbon experts and peer review, the 16 candidate 

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

acceptable).  The process of elimination is documented because some indicators may require more 

resources or greater technology to implement than is currently available. Others may be useful in the 

near-term, while others will take a longer time to incorporate and implement.  By maintaining a record of 

all candidate indicators, they can be reviewed regularly and compared to the resources available in order 

to use them.  This review process included an assessment regarding which candidate indicators are better 

suited to a carbon accounting exercise (originally part of Phase 5).  

3.2.1 Expert Review 
Six carbon experts were asked the following questions in order to evaluate the literature review and the 16 

candidate indicators: 

1. Is there any duplication or redundancy amongst the list of candidate indicators; can any be 

combined? If yes, please provide advice on why and how. 

2. Are any key indicators missing? 

3. Are any candidate indicators critical but can't be implemented or utilized due to information / 

technical gaps? 

4. Given the current carbon models available, are there any candidate indicators that should be 

specifically focused on (or not) due to the current ability to model them (or not)? 

5. For the final set of carbon indicators, what would be the appropriate process (es) to set targets? 

6. For the final set of carbon indicators, do you have any advice on monitoring protocols? 

7. Any additional suggestions that would help improve this process? 

 

Specific comments and suggestions from each expert are contained in Appendix 1, while Table 1 below 

summarizes the results. 

Table 1:  Expert review summary    

Candidate Indicator Expert Review Summary 

1 Forest ecosystem carbon storage by 

forest type and age class 

Combine all 6 and use a forest estate level indicator.  

Consider annual change in NBP (Net Biome Production, 

which is Net Ecosystem Carbon Balance at large temporal 

and spatial scales).  The remaining five could be sub-

indicators or used to understand/explain annual variances in 

NBP.  Consider using established values for soil carbon as 

it is relatively stable and significant research is underway to 

determine overall carbon dynamics within the soil. 

2 Net carbon uptake / balance 

3 Above-ground carbon reservoir 

4 Below-ground carbon reservoir 

5 Dead wood and Litter carbon 

reservoir 

6 Soil organic carbon reservoir 

7 Tonnes of carbon by product type Use 

8 Oxidization rates by product type Jurisdictional issues with life cycle reporting and product 

destination outside of BC/Canada.  Assessment methods 

haven’t been well defined, and there are outstanding 

technical issues regarding oxidation/decomposition rates.  

Not an indicator, a carbon pool that needs to be measured. 



 

7 

 

Candidate Indicator Expert Review Summary 

9 Carbon emissions from all fuel 

burned by all Canfor owned, leased 

and rented vehicles and machines 

Create 3 or 4 carbon indicators: 

• Forest based emissions indicator attributable to forest 

management responsibilities and activities. 

• Bio fuel based emissions indicator. 

• Fossil fuel emissions indicator, excluding forest based 

emissions. 

• Electrical based emissions indicator. 

• Exclude 14 because this is a personal choice and is not 

related to the production of forest products. 

• Exclude 16 unless the work is directly related to forest-

based emissions.  Expected to be a minute component 

of the overall carbon picture. 

10 Carbon emissions from all fuel 

burned by all vehicles on contract 

to Canfor 

11 Carbon emissions from all aircraft 

fuel burned by helicopter or 

airplane on contract to Canfor 

12 Carbon emissions from all aircraft 

fuel burned by all Canfor related 

employee travel 

13 Carbon emissions from all the 

energy produced by Canfor for use 

in their offices, buildings and 

manufacturing facilities 

14 Carbon emissions from all fuel 

burned by all Canfor employees’ 

travel to and from work. 

15 Carbon emissions from all the 

electricity purchased from an 

outside source and consumed by 

Canfor in their offices, buildings, 

greenhouses, and manufacturing 

facilities. 

16 Carbon emissions from all fuel 

burned by Canfor’s suppliers while 

conducting business directly related 

to Canfor.  

 

Timberline supports the recommendations from the expert review to combine candidate indicators 1 

though 6 and use an aggregate carbon indicator of Net Biome Production (NBP).  What has not been 

determined is if this measure should be static or forecast-based.  The original six candidate indicators 

could be used to understand or explain components or annual variances in NBP.  In addition, concerns 

were expressed by some experts regarding the consistency, accuracy and precision of some individual 

candidate indicators, the actual relevance of these concerns to the NBP and recommended that standard 

values be utilized and that the academic debate regarding these indicators be monitored.  Table 2 

summarizes where candidate indicators lie relative to the defined forest landbase, and what the 

recommendations are. 

3.2.2 SMART Review 
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.  

The scope of the candidate indicators clearly stretches into the emerging arena of “Carbon Accounting”.  

Carbon accounting of GHGs is the essential first step to determine a carbon footprint, follows 
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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. 

The original plan to further define the appropriate carbon indicators for TFL 30 and the PG Forest District 

was to assess each candidate indicator for its: applicability to the landbase, relevance to each SFMP, ease 

of monitoring and relevance to current forest operations and management regimes.  Additional principles 

were defined to objectively identify those carbon indicators that are relevant for CSA SFM reporting and 

those variables that would be quantified in a carbon accounting process.  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.  These principles were adapted from two World 

Resources Institute publications and are: 
6
 
7
  

1. Relevance - For the CSA carbon indicators to be relevant, the selection of an appropriate defined 

forest landbase is critical.  The boundary defines the scope of the carbon and forest industry, 

carbon sequestration, monitoring and management environment.  The choice of the inventory 

boundary was based upon the current CSA SFM element, the intended purpose of information, 

and the needs of the users.  The pending changes in the CSA SFM carbon element were also 

considered. 

2. Completeness - Once the boundary is selected, all candidate indicators within the chosen 

inventory boundary are considered. 

3. Consistency - Carbon indicators need to be measured consistently and changes need to be 

transparently documented and justified in order to track and compare performance over time, to 

identify trends and to assess performance. 

4. Transparency - Transparency relates to the degree to which information on the processes, 

procedures, assumptions and limitations of the carbon indicator are disclosed in a clear, factual, 

neutral and understandable manner based on clear documentation and archives.  

5. Accuracy and Precision - The data supporting the carbon indicators should be sufficiently 

precise to enable intended users to make decisions with reasonable assurance that the reported 

information is credible (e.g. reasonable confidence intervals). Measurements, estimates or 

calculations should be unbiased, as far as can be judged, and that uncertainties are reduced as far 

as practicable. 

The “defined forest landbase” was identified as the appropriate carbon inventory boundary and candidate 

indicators 1 through 6 lie wholly within.  Candidate indicators 7 through 16 lie outside the scope of 

CSA/SFM certification and do not meet the relevancy test.  These indicators are within the realm of 

carbon accounting. 

                                                 
6
 World Resources Institute 2004.  The Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard, 

Revised Edition.  http://www.wri.org/publication 113 pages 
7
 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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Of note, candidate indicators 9, 10 and 11 are essentially green house gas emissions created during the 

management of the defined forest landbase, and could be combined into one indicator.  The upcoming 

changes to the CSA SFM requirements are vague about these emissions and this level of carbon 

assessment was considered beyond the scope of the current CSA SFM requirements. 

Table 2:  Candidate Indicator Summary 

Candidate indicators Recommendation 

Indicators Within the Carbon Inventory Boundary 

1 Forest ecosystem carbon storage by forest type and age class Develop monitoring strategy 

for NBP. 2 Net carbon uptake/balance 

3 Above-ground carbon reservoir 

4 Below-ground carbon reservoir 

5 Dead wood and Litter carbon reservoir 

6 Soil organic carbon reservoir 

Indicators Outside the Carbon Inventory Boundary 

9 Carbon emissions from all fuel burned by all Canfor owned, 

leased and rented vehicles and machines used for forest 

operations 

Monitor development of CSA 

SFM framework and include 

as additional indicators when 

appropriate 10 Carbon emissions from all fuel burned by all vehicles on 

contract to Canfor for forest operations 

11 Carbon emissions from all aircraft fuel burned by helicopter or 

airplane on contract to Canfor for forest operations 

7 Tonnes of carbon by product type 

8 Oxidization rates by product type 

12 Carbon emissions from all aircraft fuel burned by all Canfor 

related employee travel 

13 Carbon emissions from all the energy produced by Canfor for 

use in their offices, buildings and manufacturing facilities 

14 Carbon emissions from all fuel burned by all Canfor employees’ 

travel to and from work. 

15 Carbon emissions from all the electricity purchased from an 

outside source and consumed by Canfor in their offices, 

buildings, greenhouses, and manufacturing facilities. 

16 Carbon emissions from all fuel burned by Canfor’s suppliers 

while conducting business directly related to Canfor.  

 

These recommendations were reviewed and approved during a meeting with Canfor staff on February 9, 

2009. 
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3.3 Phase 3 – Develop Draft Targets and Monitoring Strategies  

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

CBM/CFS3 (CBM) developed by the Canadian Forest Service was reviewed.  The CBM was developed at 

an operational scale to simulate ecosystem carbon budgets under different management scenarios.
8
  The 

CBM could also function as a carbon accounting tool, once the internationally accepted protocols (i.e., 

GHG Accounting Protocol, Land Use and Land Use Change of Forestry Guidance) are properly 

incorporated into the model.  In addition, the CBM was tested at a Prince George pilot site
9
 and is 

endorsed by the United Nations. 

 

The CBM displays results in graphical and tabular formats for a large variety of output variables.  The 

variables 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, etc.), and tree component pools (branches, foliage, roots, etc.) with the 

option of segregation in some of these.  Table 3 below shows how the CBM output variables correspond 

to various indicators. 

 

Table 3:  Indicators and CBM variables 

Indicator CBM/CFS3 Variables 

NBP • Total ecosystem - carbon in biomass and Dead Organic Matter (DOM) pools. 

• Biomass - carbon in the aboveground and belowground biomass pools. 

Forest ecosystem 

carbon storage by 

forest type and 

age class 

• Stock measurements are available by forest, but not by forest type.  Obtaining 

measurements by forest type would require simulations for each forest type.  

However, it is unclear if the model includes interactions between forest types, 

and what, if any, effect that may have on the results. 

Net carbon 

uptake balance 
• Delta total ecosystem - change in total ecosystem carbon stocks. 

• Delta total biomass - change in biomass carbon stocks. 

• Delta total DOM - change in DOM carbon stocks. 

Aboveground 

carbon reservoir 
• Aboveground biomass - carbon in all aboveground biomass pools. 

• Aboveground DOM - carbon in DOM pools above the mineral soil. 

• Delta aboveground biomass - change in aboveground biomass carbon stocks. 

• Delta aboveground DOM - change in aboveground DOM carbon stocks. 

Below ground 

carbon reservoir 
• Belowground Biomass - carbon in all belowground biomass pools (coarse plus 

fine roots). 

• Belowground DOM - carbon in DOM pools in the mineral soil. 

• Delta belowground biomass - change in Belowground Biomass carbon stocks. 

• Delta belowground DOM - change in Belowground DOM carbon stocks. 

Dead wood and 

litter carbon 

reservoir 

• Deadwood - Carbon in aboveground fast, belowground fast, medium, softwood 

and hardwood stem snag, and softwood and hardwood branch snag pools. 

• Litter - carbon in very fast aboveground and slow aboveground pools. 

                                                 
8
 (Kurz and Apps 1992, 1996) 

9
 For more information on the Prince george Pilot site visit: http://carbon.cfs.nrcan.gc.ca/cbm/modeling_e.html  
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Indicator CBM/CFS3 Variables 

• Delta deadwood - change in Deadwood carbon stocks. 

• Delta litter - change in Litter carbon stocks. 

Soil organic 

carbon reservoir 
• Soil carbon - carbon in very fast belowground, slow belowground, and black 

carbon pools. 

• Delta soil carbon - change in Soil carbon and Black Carbon stocks, where Black 

Carbon is stable carbon from incomplete combustion after fire. 

• The CBM user’s manual states the measurement of black carbon stocks is 

currently not available. 

 

3.3.2 What to Monitor? 
It is recommended 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.   If the CBM is used to predict current and future carbon 

stocks then the monitoring process becomes one of ensuring that defensible inputs are supplied to the 

model.  Over time the monitoring program could also provide data to check assumed rates of change 

predicted by the model for specific ecosystem components.  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. 

 

Tree growth and yield information is a key input to the CBM.  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.  Standard plot protocols 

include the measurement of tree volume (live and dead) as well as coarse woody debris. 

3.3.3 Where to Monitor? 
The key question when developing a monitoring program is to determine what and where (which 

landbase) to monitor.  The indicators determine what to monitor and in sampling terminology, “where to 

monitor” is termed the target population.  The target population in this case is equivalent to the carbon 

inventory boundary and has been defined as the “defined forest landbase”.   

3.3.4 How to Monitor? 
The types (temporary or permanent) and locations (random or systematic sample) of ground plots are key 

questions to be resolved.  These decisions depend on the type of indicator that is chosen – static or 

forecast-based.  Considerations are: 

• Resolve whether a static or forecast based indicator will be used.  If static focus on aboveground 

carbon reservoir with dead wood, no litter measurements, link with CMI plots, if forecast-based 

look at carbon uptake balance 

• Drop forest ecosystem carbon storage by forest type and age class – The target population is the 

Management unit not specific forest type and age class 

• Drop Net carbon uptake balance – ecosystem-based concept not landbase 

• Drop Below-ground carbon reservoir, researchers are currently still investigating, appears to be 

too expensive 
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• Measure Dead wood, drop litter carbon reservoir – G&Y plots, litter measurements would be too 

expensive to collect 

• Drop Soil organic carbon reservoir –stable, researchers are currently investigating, appears to be 

too expensive 

3.3.5 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 inputs into the CBM 

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 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). 

3.3.6 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. 

3.3.7 Process for Developing Indicator Targets 
 

Conceptually, targets for the carbon indicators could be developed as follows: 

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

(latest TSR databases, other sources). 

2. Selected indicator(s) are defined, and identified within the model. 

3. A base case scenario is defined. 

4. The base case scenario is modeled and the required output is generated. 

5. Target values for the appropriate indicators are extracted from the base case output. 
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6. These values are reviewed and modifications made to the base case scenario definitions as 

required. 

7. The modified base case is modeled as a new scenario, and required output is generated. 

8. Target values for the appropriate indicators are extracted from the modified base case output. 

9. Steps 6 through 8 are repeated until agreement is reached and targets are established. 
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4.0 TO BE COMPLETED IN 2009/2010 

4.1 Phase 3 – Finalize Targets and Monitoring Strategies  

Targets will be finalized utilizing values from the literature review and additional information gathered 

to-date.  The process to define targets will be supplemented by discussions with experts, such as carbon 

and soil scientists, ecologists, and biometricians.  Targets will be based on the ecology and management 

activities specific to each SFMP. Although there may be some overlap, they cannot be set without 

consideration of the differences between the two management areas. 

Final monitoring strategies will be built around the team’s expertise and knowledge of data sources, 

SFMP implementation requirements, applicable models, and operational/management practices within the 

PG Forest District and TFL 30. These monitoring strategies will be integrated into existing monitoring 

efforts whenever possible. Again, monitoring strategies will be tailored to the ecology and management 

practices within each unit separately. 

It may not be possible to develop current monitoring strategies for each indicator where significant data 

gaps or limited financial/human resources will prohibit data collection and monitoring efforts. Where this 

is the case, these gaps will be noted, and recommendations made on how to fill these gaps and monitor 

the indicator in the future. 

4.2 Phase 4 – Presentation and Review of Indicators  

Discussions have occurred with Canfor’s project manager and the Canfor SFMP team.  The project team 

will present all indicators to the PG Forest District and TFL 30 PAGs.  The scientific background and 

associated development and monitoring of each indicator will be communicated in the context of on-the-

ground practice and the steps necessary to implement and monitor each indicator.  Following this review, 

the proponent will work with this group and the Canfor project manager to refine, if necessary, each 

chosen indicator and target as they relate to the long-term goals of Canfor’s PG Forest District and TFL 

30 SFMPs and indicator monitoring strategies. The project team will review indicators that have been 

identified as requiring further investigation and/or clarification, with responses provided at future PAG 

meetings (or provided to Canfor’s project manager). 

Recommendations from each PAG for each indicator, including methods for implementation, monitoring 

and tracking will be incorporated whenever possible. 

4.3 Phase 5 – Review of Larger Context 

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.  Before the final indicators and targets are identified the topics below will be 

reviewed with Canfor Project Manager, the Canfor SFMP team and the PAGs:  
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• Baseline Carbon and Monitoring – The estimation of above ground carbon storage can be 

carried out using inventory data and regional forest performance data. The estimation of below 

ground carbon including soil organic matter can be derived from models such as CBM.  However 

this investigation may reveal that certain methodologies and models may be more appropriate for 

the PG Forest District than TFL 30.  An inventory of potential sources sinks and reservoirs for 

carbon may assist in identifying appropriate management practice for maintaining or enhancing 

carbon stores on the landscape. 

• Impacts of Management on Carbon Storage – Considerations in this review will include 

management activities such as the use of enhanced nursery stock, block size and orientation to 

wind factors, and maintenance/protection of carbon storing ecosystems such as bogs or old 

growth forest. Recommendations may include incremental alteration to current practices as well 

as suggested longer-term practices that may have a higher impact in terms of storing carbon but 

will take time to achieve. 

• THLB and the non-THLB – An examination of the ways in which carbon storage can be 

enhanced in the Timber Harvesting Land Base (THLB) and the non-THLB will be included. 

Strategies will differ because carbon storage will be achieved in the non-THLB by different 

activities than in the THLB.  For example, in maintenance of older forest stands/trees and fire 

suppression activities. 

• Natural Disturbances – Natural disturbance processes are an inherent part of the landscape yet 

contribute to carbon emissions rather than carbon storage. Thus, balance must be achieved 

between protecting carbon resources and allowing the natural dynamics of the forest to continue 

in a fully functioning and ‘healthy’ manner. 

• Climate Change – Implications of climate change and potential proactive management strategies 

aimed at the maintenance of carbon on that landbase will be considered. Climate change will 

continue to impact forest establishment, growth and health, thereby affecting the ability of the 

forest to store carbon effectively. Forest managers therefore must begin considering mitigation 

strategies that will complement natural adaptation of forested communities to new or changing 

climate conditions. 

• Carbon Credits and Carbon Accounting – Full carbon accounting processes, including the use 

of carbon credits may be examined. This is an integral part of this burgeoning global topic and 

central to Canfor’s emerging carbon strategy in a global market. 

4.4 Phase 6 - Final Report 

A final report will be delivered to Canfor, and will contain the following deliverables: 

1. Suggested carbon indicators, integrated with CCFM criteria and indicators and CSA 

requirements, for each SFMP area. 

2. PAG and other expert input summaries. 

3. Indicator targets and gaps where current targets were not available. Suggestions of ways to 

determine targets in the future. 

4. A monitoring strategy for each indicator, and identification of gaps where indicators cannot 

currently be monitored. Suggestions of ways to monitor in the future. 

5. Placement of the indicators into the larger context of a carbon management strategy. 

6. Future recommendations for carbon indicators. 
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APPENDIX I – CARBON EXPERT SUMMARY 

Indicators from 

Literature review 

Tony Trofymow 

(CFS) 

Gary Bull 

(UBC) 

Werner Kurz 

(CFS) 

Qinglin Li 

(MoFR) 

Caren Dymond 

(MoFR) 

Cindy Prescot 

(UBC) 

1  Forest 

ecosystem 

carbon storage 

by forest type 

and age class 

Combine all 6 and 

use a forest estate 

level indicator 

based on indicator 

2.  Consider 

annual change in 

NBP (Net Biome 

Production, which 

is Net Ecosystem 

Carbon Balance at 

large temporal and 

spatial scales).  

The remaining five 

could be sub-

indicators or used 

to understand 

annual variances in 

NBP.  Use 

CBM/CFS model 

for calculation of 

NBP. 

Combine all 6 

and use a forest 

estate level 

indicator from a 

tool like 

CBM/CFS 

model.  Periodic 

assessments (5 

years) unless 

significant 

changes in 

landbase or 

information 

occur. 

Travelling 

overseas and 

was unable to 

review within 

our timelines.  

Comments were 

provided 

Combine all 6 

and use forest 

estate model 

CBM/CFS to 

calculate overall 

Forest Ecosystem 

Carbon storage. 

Consider two 

indicators; overall 

storage and year-

over-year change.  

Combine 3&4 into 

a single indicator 

of living biomass, 

and use or 

combine the others 

as measures of the 

carbon pools.  Key 

point is the unit of 

measure of the 

indictor, elemental 

Carbon versus 

CO2 equivalents. 

  

  

  

2  Net carbon 

uptake or 

balance 

3 Above-ground 

carbon reservoir 

4 Below-ground 

carbon reservoir 

Don't use soil 

carbon as an 

indicator, use 

standardized 

values for soils. 

5 Dead wood and 

Litter carbon 

reservoir 
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Indicators from 

Literature review 

Tony Trofymow 

(CFS) 

Gary Bull 

(UBC) 

Werner Kurz 

(CFS) 

Qinglin Li 

(MoFR) 

Caren Dymond 

(MoFR) 

Cindy Prescot 

(UBC) 

6 Soil organic 

carbon reservoir 

Soil organic 

carbon reservoir 

needs a depth 

specification 

(15cm, 30cm, or 

100cm).  It is an 

important 

component to 

overall carbon 

storage, changes 

very little 

annually and is 

very hard to 

monitor. 

The research of 

the behaviour of 

chemical 

compounds and 

some key 

processes is in its 

infancy.  There 

are significant 

logistical and 

physical issues 

with sampling to 

the scale required 

7 Tonnes of 

Carbon by 

Product Type 

Use Use         



 

18 

 

Indicators from 

Literature review 

Tony Trofymow 

(CFS) 

Gary Bull 

(UBC) 

Werner Kurz 

(CFS) 

Qinglin Li 

(MoFR) 

Caren Dymond 

(MoFR) 

Cindy Prescot 

(UBC) 

8 Oxidization 

Rates by Product 

Type 

Jurisdictional 

issues with product 

destination outside 

of BC/Canada, i.e. 

who is responsible 

for emissions the 

producer or the 

receiver?  

Producer has no 

control over 

receivers activities, 

assessment 

methods haven’t 

been well defined 

yet. 

Jurisdictional and 

technical issues 

with life cycle 

reporting 

  Not an indicator 

that can be 

monitored and is 

a factor needed to 

calculate forest 

product carbon 

contributions.  

Varies by 

product, use, and 

location. 

Forest products 

indicators may be 

difficult to 

implement because 

there is no 

consensus on 

which approach to 

use. BC MFR is 

working on a 

decision-support 

tool which may 

help.  Consider 

reporting on 

volumes of 

products grouped 

into duration 

categories (lumber, 

panels, pulp, 

biomass) 

  

9 Carbon 

emissions from 

all fuel burned 

by all Canfor 

owned, leased 

and rented 

vehicles and 

machines 

Create 4 

indicators: 

 

-Forest based 

emissions 

attributable to 

forest management 

responsibilities 

and activities 

 

Create 3 

indicators: 

 

-Carbon 

emissions from 

fossil fuel 

 

-Carbon 

emissions from 

bio-fuel 

  Create 3 

indicators: 

 

-Carbon 

emissions from 

fossil fuel 

 

-Carbon 

emissions from 

bio-fuel 
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Indicators from 

Literature review 

Tony Trofymow 

(CFS) 

Gary Bull 

(UBC) 

Werner Kurz 

(CFS) 

Qinglin Li 

(MoFR) 

Caren Dymond 

(MoFR) 

Cindy Prescot 

(UBC) 

10 Carbon 

emissions from 

all fuel burned 

by all vehicles 

on contract to 

Canfor 

-Bio fuel based 

emissions 

 

-Fossil fuel 

emissions, 

excluding forest 

based emissions 

related to the 

creation of forest 

products 

 

-Electrical based 

emissions 

 

-Exclude 14 

because this is a 

personal choice 

and is not related 

to the production 

of forest products 

 

 

-Carbon 

emissions from 

forest 

management. 

  

  

  

  

  

   

-Carbon 

emissions from 

forest 

management 

  

  

  

  

  

    

11 Carbon 

emissions from 

all aircraft fuel 

burned by 

helicopter or 

airplane on 

contract to 

Canfor 

     

12 Carbon 

emissions from 

all aircraft fuel 

burned by all 

Canfor related 

employee travel 
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Indicators from 

Literature review 

Tony Trofymow 

(CFS) 

Gary Bull 

(UBC) 

Werner Kurz 

(CFS) 

Qinglin Li 

(MoFR) 

Caren Dymond 

(MoFR) 

Cindy Prescot 

(UBC) 

13 Carbon 

emissions from 

all the energy 

produced by 

Canfor for use in 

their offices, 

buildings and 

manufacturing 

facilities 

-Exclude 16 unless 

the work is 

directly related to 

forest based 

emissions. 

 

-Expected to be a 

very small 

component (noise) 

of overall carbon 

picture 

  

      

14 Carbon 

emissions from 

all fuel burned 

by all Canfor 

employees’ 

travel to and 

from work. 

      

15 Carbon 

emissions from 

all the electricity 

purchased from 

an outside 

source and 

consumed by 

Canfor in their 

offices, 

buildings, 

greenhouses, and 

manufacturing 

facilities. 
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Indicators from 

Literature review 

Tony Trofymow 

(CFS) 

Gary Bull 

(UBC) 

Werner Kurz 

(CFS) 

Qinglin Li 

(MoFR) 

Caren Dymond 

(MoFR) 

Cindy Prescot 

(UBC) 

16 Carbon 

emissions from 

all fuel burned 

by Canfor’s 

suppliers while 

conducting 

business directly 

related to 

Canfor.  

      

Additional Indicators Fossil fuel 

avoidance 

Incremental forest 

management 

activities to 

increase Carbon 

uptake 

Consider 

simplifying to 

Carbon + ve 

(sink) or Carbon 

– ve (source) 

Consider 

expanding 

carbon to CO2 

and non-CO2 

Greenhouse gas 

emissions.  Two 

reasons: 

significant NO2 

emissions from 

forest fires and 

associated CH4 

emissions from 

landfills.  This 

relates to 

indicator 8 

above, 

Reforestation, 

afforestation, 

deforestation 

Add in 

afforestation and 

deforestation.  The 

emphasis on 

carbon emissions 

doesn’t work for 

fossil fuel use, 

biomass burning or 

landfill emissions. 

Need to consider 

the form of carbon 

emissions as much 

as the the amount 

of elemental 

carbon involved 
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Indicators from 

Literature review 

Tony Trofymow 

(CFS) 

Gary Bull 

(UBC) 

Werner Kurz 

(CFS) 

Qinglin Li 

(MoFR) 

Caren Dymond 

(MoFR) 

Cindy Prescot 

(UBC) 

Suggested targets Suggest a target of 

0 or a +’ve, 

amount for NBP, 

amount isn’t really 

critical.  Don’t 

want to be 

negative.  No 

suggestions for 

forest product or 

forest sector 

targets. 

    Utilize scenarios 

and overall 

Forest Ecosystem 

Storage:  

-Ecosystem free 

growth 

-Natural 

disturbance add 

on 

Normal 

harvesting, 

management 

-Consideration of 

other factors 

-Targets can be 

derived from the 

analysis of the 

scenario 

differences 

Given the 

uncertainty in 

ecosystem and 

products estimates, 

can’t really 

imagine being able 

to set quantitative 

targets. How 

something like 

“our goal is for the 

trend to be 

reducing emissions 

and increasing 

sinks.  Absolute 

values infer a level 

of confidence that 

may not exist.  

Better with trends 

or % changes 

Use standardized 

values for soil 

carbon and roll 

these into an 

overall ecosystem 

carbon predictor.  

Keep a watching 

brief on the state 

of the soil carbon 

research to be 

able to develop a 

soil carbon 

indicator once the 

field stabilizes. 

 


