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Executive Summary 
 Initiatives resulting from the Kyoto Protocol, the Canadian Council of Forest 
Minister’s Criteria and Indicators (adopted from the Montreal Process), and forest 
certification have created forest carbon management objectives as part of sustainable 
forest management.  In consideration of these objectives, Canfor – Fort Nelson Division 
have initiated this project with the following goals: 
 

♦ To develop an accounting system of various forest carbon pools including: above 
ground biomass, below ground biomass, dead organic matter (snags, coarse 
woody debris and litter), and soils; 

♦ To predict current and future forest carbon conditions for the Fort Nelson Defined 
Forest Area (DFA) with considerations to the impact of harvesting and natural 
disturbances on the forested land base; and 

♦ To make recommendations pertaining to the development of forest carbon targets, 
variance and measures. 

 
A timber supply model, Forest Simulation and Optimization System (FSOS), and 

a forest carbon model, Carbon Budget Model-Canadian Forest Service 3 (CBM-CFS3), 
were used to estimate total ecosystem carbon storage and sequestration rates for the Fort 
Nelson DFA.  Current forest inventory data and management assumptions were applied 
to both models. 

 
The results of the project provided some initial estimates of the current forest 

carbon conditions in the Fort Nelson DFA.  The current total ecosystem carbon storage is 
1,752 MT and under the “Base Case” scenario, it is predicted to fluctuate between 1,752 
MT and 2,005 MT over a 250-year, forecast horizon.  The sequestration rate in the “Base 
Case” also fluctuates between a net loss of 6.87 MT C/year and a positive sequestration 
of 4.20 MT C/year.   
 

Through an understanding of forest carbon dynamics, current management 
practices and impacts of harvesting and natural disturbance on the total ecosystem 
carbon, forest managers can begin to establish forest carbon objectives regarding targets, 
variance and the development of a suitable monitoring plan.  The overall carbon objective 
in the Fort Nelson Sustainable Management Plan is to sustain forest carbon storage and 
sequestration contributions to the global carbon cycle.  The purpose of the report is not to 
provide specific carbon measures and targets but to present appropriate information to 
consider in setting such carbon measures.  Important considerations include the definition 
of the carbon pools to include; the area (e.g. the timber harvesting land base and/or the 
non-harvestable land base) to include; and the relevant indicators, targets and expected 
variance that may occur.  DFA level carbon targets may be established based on the 
current, the minimum or average carbon conditions experienced over a 250 year forecast 
horizon. 

 
 As part of continuous improvement and in developing a monitoring plan, it will 

be important to incorporate and apply existing field data for forest carbon estimation.  An 
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initial recommendation for the Forest Nelson DFA Group is to ensure that the most up to 
date information pertaining to forest inventory (i.e. species, age, site productivity and 
volume data as well as non-productive areas including wetlands) and areas in forest 
depletions due to human causes (e.g. oil and gas activities, forestry activities, conversion 
of forest to agriculture and urban areas) and natural disturbances (e.g. the partial or full 
loss of forests in disturbed areas) are maintained. 
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Development of Carbon Measures and 
Baseline Information for Sustainable Forest 
Management 
 

1. Introduction 
The aim of this project is to improve the stewardship of British Columbia’s forests 

through the enhancement of the knowledge base for sustainable forest carbon 
management.  Forest managers recognize the importance of forest carbon management as 
a requirement of forest stewardship and in their efforts in sustainable forest management 
(SFM) certification. To achieve these requirements, a carbon accounting system is 
necessary for reporting purposes and may be considered as part of Canada’s commitment 
to the Kyoto Protocol. 
 

For forest managers engaging in forest certification, there is a requirement to 
manage for forest carbon.  More specifically, in the Canadian Standards Association or 
Canadian Council of Forest Minister’s Criteria 4, Forest Ecosystem Contributions to 
Global Ecological Cycles, the criteria states that one must “maintain the processes that 
take carbon from the atmosphere and store it in forest ecosystems as well as protecting 
forestlands from deforestation or conversion of non-forests.” 

 
In order for forest managers to learn and understand how to better plan and 

manage their forests for forest carbon among other timber and non-timber values, it is 
critical to assemble existing information and provide forecasts of current and future forest 
carbon conditions.  In order to develop carbon measures for both baseline information 
and a monitoring plan, two main components are required: 1) collection of forest data 
(i.e. measurements) in the field to determine ecosystem1 carbon, and 2) forecasting total 
ecosystem carbon (by using current inventory and forest depletions due to harvesting and 
natural disturbance, as well as integrating carbon data collected in the field).  This project 
will first focus on readily available information (such as inventory data and carbon 
models), which will be used for estimating and forecasting forest carbon conditions and 
secondly, this report will discuss the process of collecting forest data for crude 
calculations of forest carbon. 

 
This project is Phase 2 of a multi-year project.  Phase 1 consisted of an initial 

carbon analysis using the FORECAST/FSOS models and was completed on March 31, 
20052.  A presentation outlining the results of the Phase 1 project was presented to the 
                                                 
1 Total ecosystem carbon includes carbon from all the carbon pools in a forest ecosystem (e.g. aboveground 
and belowground biomass, litter, coarse woody debris, snags, and soils). 
2 The use of the FORECAST model was not intended to replace the efforts of the Canadian Forest Service 
but to provide an opportunity to report on forest carbon as undertaken within existing forest and stand level 
modeling that has been used for timber supply analysis, certification forecasting support, and landscape 
analysis.  The Carbon Budget Model-Canadian Forest Service 3 was not publicly available at the time of 
the Phase 1 project. 
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Fort Nelson Public Response for Informed Sustainable Management (PRISM) group on 
May 19, 2005.  The general feedback from this meeting was that given the results, the 
PRISM group requested guidance from experts to help set carbon targets and variance for 
SFM planning.  The latter will be addressed in Section 5, Forest Carbon Monitoring Plan, 
in this report.  A summary of Phase 1 work completed since last year including project 
deliverables in the contract agreement (2005-FIA-2404004) is provided in Appendix 1. 

 
This project (Phase 2) presents forest carbon forecast results from the Carbon 

Budget Model-Canadian Forest Service (CBM-CFS3, version 1.0).  A comparison was 
undertaken between the results from the CBM-CFS3 and those from the 
FORECAST/FSOS models used in Phase 1 of the project. Furthermore, suggestions will 
be made in regards to setting carbon targets and developing a forest carbon monitoring 
plan. 

 

2. Project Objectives for Phase 2 
 The objectives of the project are outlined below and in brackets are the relevant 
sections that address these objectives: 

1. To develop an accounting system of forest carbon in various carbon pools 
including: above ground biomass, below ground biomass, dead organic matter 
(snags, coarse woody debris and litter), and soils, as outlined in the IPCC Report 
on Good Practice Guidance for Land Use, Land-Use Change and Forestry (IPPC 
GPG-LULUCF3, 2003) [Sections 3.1 to 3.3];  

2. To develop a knowledge base on the interactions and carbon transfer between 
different pools [Sections 3.1 to 3.3]; 

3. To predict current and future forest carbon conditions for the Fort Nelson DFA 
[Section 4.1 to 4.3]; 

4. To demonstrate the integration of forest carbon in timber supply analysis where 
scenario analyses such as the impact of harvesting and natural disturbance would 
be conducted [Sections 4.2 to 4.3]; 

5. To develop linkages between forecasted results and the CSA/ SFM framework 
(e.g. criteria and indicators, sustainable forest management plans, and monitoring 
guidelines) [Section 5];  

6. To provide a reporting protocol on forest carbon conditions in parallel to timber 
supply and CSA forecasting procedures. It should be noted that this reporting tool 
is limited to the carbon storage in terrestrial forest ecosystems4 [Section 4.1 to 
4.3];  

                                                 
3 The IPPC GPG-LULUCF is a globally recognized technical document guide used by the signatories of the 
Kyoto Protocol. 
4 A full comprehensive carbon accounting system may include emissions from harvest and forest 
management activities, the carbon balance from aquatic ecosystems, emissions from wood processing and 
the carbon storage in wood products, which is beyond the scope of this project. 
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7. To make recommendations pertaining to the development of forest carbon targets, 
variance and measures [Section 5]; and 

8. To provide a simple approach for forest managers to annually determine and 
report carbon storage and sequestration [Section 5.2.2]. 

 

3. Methods and Assumptions 
With respect to forecasting, the timber supply model, Forest Simulation and 

Optimization System (FSOS) and a forest carbon model, CBM-CFS 3 (version 1.0), were 
used.  FSOS was used to provide aggregate analysis units (i.e. group similar stands5) and 
harvest schedules for inputting into the CBM-CFS3.  Together the models were applied 
to develop the DFA carbon base case along with the following scenarios: “No Harvest 
with Natural Disturbance”, “Harvesting without Natural Disturbance”, and “Base Case 
with a Modified Natural Disturbance Regime”.  Details on the scenarios are provided in 
Section 3.5.  The following sections describe FSOS and the CBM-CFS3 models as well 
as the linkages between them.  Please note that this report will compare results using the 
FSOS and CBM-CFS3 with those using the FSOS and FORECAST (Phase 1).  For a 
description of the FORECAST model and how it was used with FSOS for carbon 
modelling, please refer to the Phase 1 report: Forecasting Indicators for Sustainable 
Forest Management: Total Ecosystem Carbon for the Fort Nelson TSA. 

 

3.1 Forest Simulation and Optimization System  
FSOS is a forest and landscape-level model used for evaluating the impacts of 

harvesting, forest management, silvicultural practices, and/or natural disturbance on 
forest growth and resources over time (Liu et al. 2001, 2000 and 1999).  FSOS has been 
used on over 24 management units from small (<15,000 hectares) to very large (10 
million hectares) forest management areas across Canada. 

 
Data such as forest inventory6 and resource management zones such as riparian 

management areas, landscape units, and environmentally sensitive areas have been 
compiled into an analysis data set.  Current management assumptions were incorporated 
into FSOS so that the best available information was utilized for predicting current forest 
conditions.  The current management assumptions used for the analysis include: 

 
1) Areas excluded from harvest: define the timber harvesting land base by excluding 

inoperable areas and areas managed for other non-timber values such as parks and 
seismic lines,  

2) Harvest rules:  harvest using the relative oldest first rule, and setting utilization 
limits and minimum harvest age criteria by analysis units, 

                                                 
5 A stand is a group of similar trees usually defined as having similar tree species, age, site productivity and 
diameter. 
6 Vegetation Resource Inventory was available for one-third of the TSA and the remaining areas contained 
old Forest Cover 1/Forest Inventory Planning (FC1/FIP) inventory information. 
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3) Regeneration assumptions: Except for spruce and pine, natural regeneration of 
mixedwoods and deciduous stands are expected.  Natural and managed spruce and 
pine stands will regenerate to managed stand yields following harvest,  

4) Management of Forest Cover: achieve seral stage (mature plus old and old) 
targets and visual quality objectives,  

5) Natural Disturbances: natural disturbances are considered in both the non-
harvesting land base and the timber harvesting land base, as a reduction of volume 
(and area) in the analysis (see Section 3.4 for more details), and 

6) Climate Change: the response of forest ecosystem functions to climate change is 
not modelled in this analysis. 

For more details on timber supply/resource management assumptions, please refer to the 
Fort Nelson TSA Timber Supply Review 3 Analysis Report (2005). 
 

3.2 Carbon Budget Model-Canadian Forest Service 3 
The CBM-CFS3 is a landscape-level forest carbon accounting framework that 

simulates, over a given period of time, carbon dynamics of above-ground and below-
ground forest biomass7 and dead organic matter8 (NRCAN, 2005).  The CBM-CFS3 
reports on an array of carbon pools but the key pools will be provided in this report, 
which includes: aboveground tree biomass, belowground tree biomass (i.e. roots), litter, 
dead wood (i.e. snags, coarse and fine woody debris and downed wood) and soil. The 
CBM-CFS3 (version 1.0) was made available to the public on October 24, 2005.  The 
model is an invaluable tool in exploring carbon dynamics and transfers amongst various 
carbon pools and the impacts of natural disturbances on ecosystem carbon.  As with all 
models, it is cautionary to note that all model assumptions and inputs are made to 
represent reality as close as possible but do not necessarily represent the actual forest 
carbon conditions on the ground9.   

 
Forecasting results will be summarized for the DFA or total productive forested 

land base and track both the timber harvesting land base (THLB) and the non-harvestable 
land base (NHLB).  The total productive forested land base consists of 5.7 million 
hectares out of the 9.9 million hectares in the total TSA10.  The total THLB and NHLB 
area is 1,432,269 hectares and 4,308,943 hectares, respectively.  
 
                                                 
7 The total mass of living organisms in a given area or volume. Forest biomass consists primarily of above-
ground and below-ground tree components (stems, branches, leaves, and roots); other woody vegetation; 
and mosses, lichens, and herbs. Animal biomass typically comprises only a very small portion of total 
forest biomass. 
8 A generic term for all dead organic compounds in the ecosystem. These include standing dead trees, 
downed trees, coarse and fine woody debris, litter, soil carbon, and peat. 
9 Although the CBM-CFS has been through a decade of development, it was only recently that it was 
modified for public use.  The public use of the model was released with the understanding that the CFS will 
not be held liable for any model defects or inaccuracies.   
10 The netdown table, which is used in identifying the THLB in timber supply analysis, is shown in 
Appendix 2. The table shows the initial area in the TSA and the reductions made to the land base to derive 
the crown or total forested land base (CFLB = NHLB + THLB) and the THLB. 
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3.3 Linkage between FSOS and the CBM-CFS3 
A series of stand level analysis units were developed to represent the various 

inventory attributes within the Fort Nelson DFA characterized by leading species and site 
productivity.  These analysis units are identical to those used in the CSA forecasting and 
timber supply analysis in the TSA (Section 14.2 of the Fort Nelson TSA Timber Supply 
Review 3 Analysis Report) and are applied in both the FSOS and in the CBM-CFS3 
models. 

 
FSOS applies seral targets, visual quality objectives and green-up adjacencies 

through ‘surrogate’ forest cover constraints, which are used to control harvest in resource 
emphasis areas.  The CBM-CFS3 is not a spatially explicit model and as such requires a 
harvest schedule from a timber supply model.  FSOS provided the harvest information 
summarized by analysis units as inputs to the CBM-CFS3.  A limitation to this non-
spatial approach is that the location of the harvesting is unknown, and only the same area 
of similar analysis units is “harvested” in the CBM-CFS3 model.  However, without 
knowing the spatial location of the stands, harvesting may not be affected by adjacent 
natural disturbances.  For example, harvesting may still occur despite a natural 
disturbance event, which may deplete much of the existing old forest in a landscape unit 
(i.e. when old seral targets are not achieved for the Spruce Willow Birch biogeoclimatic 
subzone which requires at least 9% of the forested area older than 250 years).  The CBM-
CFS3 is not able to apply seral or forest cover constraints while Phase 1 using the 
FORECAST/FSOS models did consider resource emphasis forest cover constraints.  

 

3.4 Natural Disturbance Assumptions 
Both anthropogenic and natural disturbances are continuous throughout the Fort 

Nelson DFA.  Anthropogenic disturbances include harvesting for timber processing and 
raw log sale but also include clearing for oil and gas activities.  In this report, we focus on 
harvesting within in the forested land base where the dominant silvicultural method is 
clearcutting.  Further work is required to appropriately address oil and gas activities in 
relation to forest carbon accounting and forecasting. 

 
Natural disturbance mechanisms such as fire, insects, disease, and wind activities 

are constantly occurring throughout the Fort Nelson DFA.  Natural disturbances occur as 
small, common events (endemic) as well as extreme, significant events (epidemic) both at 
the stand and landscape levels.  The predominant natural disturbances in the DFA are fire 
and spruce budworm, which were modelled for the Fort Nelson DFA, using the following 
methods: 
 

1) as a reduction to the volume harvested in the timber supply model (and 
associated CBM-CFS3 dataset), as defined by a non-recoverable loss  – the 
premise is that disturbances have historically occurred over time and the available 
data (over 5 or 10 years) is averaged to calculate a volume reduction representing 
the volume which is not salvaged.  For the Fort Nelson DFA, the calculated 
average non-recovered loss of 106,355 m3/year was applied for epidemic 
disturbances. 
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2) as a reduction to each stand to account for small disturbances – the premise is 

that small local disturbances occur within a given stand type which can therefore 
be linked in the analysis to a yield curve and analysis unit in the carbon dataset.  
These reductions are typically applied in the development of the yield curves and 
account for a stand level reduction associated with the disturbance that is expected 
to occur. 

 
3) as a modelled assumption whereby stands within the non-harvestable land 

base would be effected by disturbance – the premise is that stands in the non-
harvesting land base, which are not influenced by operational forestry, do not 
grow in perpetuity and will eventually be subjected to a disturbance and 
deteriorate.   
 
Two methods were applied to model natural disturbance in the NHLB: 
 
i) Old Age Reset:  Based on the principles in the Landscape Unit Planning Guide, 
the age at which stands likely experience a natural disturbance event is 
determined for each biogeoclimatic (BEC) unit.  These stand ages (or disturbance 
age) range from 119 years for deciduous stands in the Boreal White and Black 
Spruce zone, 161 years for coniferous stands in the Boreal White and Black 
Spruce zone to 280 years for the Spruce Willow Birch zone.  In the NHLB, when 
a stand reaches this “disturbance age”, it is assumed that its volume and age are 
reset to zero and are regenerated.  The Age-Reset Rule is applied to the “Base 
Case” and to the “No Harvest with Natural Disturbance” scenarios. 
 
ii) Annual Area Disturbed: Following the same principles in the Landscape Unit 
Planning Guide, this approach expands upon the age reset method and calculates 
the area to be disturbed each year by BEC unit.  This is accomplished by dividing 
the area in the NHLB by the disturbance age to come up with an effective rotation 
age.  This area disturbed is then applied to each BEC Unit in the CBM-CFS3 
model every year where a specified amount of area is modelled with a fire 
disturbance (see Table 1) and the stands are chosen randomly, with the exception 
that the stands must be older than 10 years old.  
 
See Appendix 3 for further details regarding the methodology for natural 
disturbance in the NHLB.  A summary is also provided in Table 1. 
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Table 1: Assumptions on natural disturbance in the non-harvesting land base by BEC variant 

 a b c d e f 

Return 
Interval 

Minimum 
Target % 

Old 

Age of 
Old 

(years) 

Effective 
Rotation 

Age 
(years) 

Non 
Harvestable 
Land Base 

(ha) 

Minimum 
Target to 
Disturb 

Annually (ha) BEC 
Unit 

Natural 
Disturbance 

Type 
 LUPG LUPG LUPG (c/(1-b))  (e/d) 

Spruce 
Willow Birch 

(SWB) 2 200 11 250 280 1,032,669 3,688 
Boreal White 

and Black 
Spruce 

(BWBS)-
conifer 3 100 13 140 161 2,339,890 14,533 

Boreal White 
and Black 

Spruce 
(BWBS)—
deciduous 3 125 16 100 119 795,096 6,681 

Total:      4,167,656* 24,902 
* Total does not sum up to total reductions because some areas had missing info and could not be classified into a BEC 
unit (missing species, etc.) 
 
 

Note that natural disturbance in the THLB was not modelled in Phase 1 of the 
carbon project, which is typical in timber supply analysis and sensitivity analyses.  For 
comparison sake, natural disturbance in the THLB is also not modelled in this project.  
However, for future analyses, it is recommended to include some assumptions regarding 
natural disturbance in the THLB.  Furthermore, scenarios should be reviewed at least 
every five years to ensure that if a significant disturbance event has occurred, the carbon 
balance would be adjusted to reflect the impact of the disturbance. 

  
It is assumed that following harvest; carbon stored in harvested biomass is lost 

from the ecosystem while residual slash from harvesting is left on the site to decompose.  
In the case of natural disturbance by fire, a proportion of the aboveground biomass is 
immediately released back into the atmosphere while the remainder is left on the site but 
transferred to the DOM pools (snags, logs and litter).  The assumption that carbon stored 
in harvested biomass is immediately released back into the atmosphere is consistent with 
the Kyoto Protocol for the first commitment period (2008-2012).   
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3.5 Scenario Descriptions 
Four scenarios were completed in this project and results are provided for 

comparison and analysis:  
 
Base Case scenario11:  Current management assumptions are employed, with the 
harvest level set at the current allowable annual cut of 1.5 million cubic meters 
per year and natural disturbance using the Old Age Reset Rule is modeled (as 
outlined in Section 3.4). This scenario is selected as it best represents current 
forest conditions and management strategies.  
 
Harvest Without Natural Disturbance:  This scenario is the same as the base 
case, except no natural disturbance is applied in the non-harvesting land base 
(non-recoverable losses and reductions to stand yields still apply).  This scenario 
was selected to benchmark the impact of harvesting in the THLB on total 
ecosystem carbon, in the absence of natural disturbance in the NHLB. 

 
No harvest with Natural disturbance:  Same as the base case but harvesting is 
not modeled.  This scenario was selected to provide a benchmark of the impact of 
natural disturbance on the total ecosystem carbon, in the absence of forest 
management activities. 
 
Base Case with Modified Natural Disturbance:  Same as the base case but 
natural disturbance is modeled using the Annual Area Disturbed Rule, which 
randomly chooses stands older than 10 years old to be disturbed every year.  In 
comparison, the Old Age Reset Rule disturbs old stands only. 
 
The first three scenarios are the same as those in Phase 1 of the carbon project. 

4. Results and Discussion 
This section will outline the current forest carbon conditions and forecast results.  
 

4.1 Current Forest Carbon Conditions 
There is approximately 1,752 megatonnes (MT) of total ecosystem carbon 

currently stored in the 5,741,212 hectares of forested land in the Fort Nelson DFA (Table 
2).  Approximately 27% of the total ecosystem carbon is from trees (aboveground 
biomass and roots), 15% from dead wood, and 51% is from soil and forest floor litter.   

 
 
 

                                                 
11 The ‘base case’ definition used in this analysis reflects the base case commonly used in timber supply 
and SFM forecasting to represent the current and future forest conditions as a result of current management.  
This differs from the ‘base case’ commonly used in the Kyoto Protocol context, in which the base case/base 
line refers to carbon balance in 1990 for a specific area. 
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Table 2: Current forest carbon storage conditions in the forested land base 

  

Timber 
Harvesting 
Land Base 

(MT) 

% 
Timber 

Harvesting 
Land Base

Non-
Harvestable 
Land Base 

(MT) 

%  
Non-

Harvestable 
Land Base 

Total 
Forested 

Land Base 
(MT) 

%  
Total 

Forested 
Land Base

Tree 
(aboveground) 127 26% 346 28% 473 27% 
Tree 
(belowground) 30 6% 82 7% 112 6% 
CWD/Snags 73 15% 192 15% 265 15% 
Litter 28 6% 63 5% 90 5% 
Soil 238 48% 573 46% 811 46% 
 Total: 496 100% 1,256 100% 1,752 100% 

 
 

4.2 Base Case 

4.2.1  Carbon Storage 
In the forested land base, the total ecosystem carbon fluctuates between 1,752 MT 

(current year) and 2,005 MT (at year 240) over a 250 years planning horizon (Figure 1).  
A summary of the forecasted range in carbon storage over a 250-year period by carbon 
pool is shown in Table 3.  Table 3 can be interpreted as such: current carbon storage in 
aboveground tree biomass is approximately 473 MT and over a 250 year forecast 
horizon, the average carbon stored is approximately 466 MT.  Over the same time 
horizon, the tree carbon pool may be reduced to a minimum of 416 MT (or twelve 
percent less than current conditions), which occurs in 125 years from present.  Similarly, 
the maximum amount of carbon stored in aboveground tree biomass may be experienced 
in 50 years, where the carbon storage is forecasted to increase to 526 MT.  The table is 
provided to demonstrate the possible range in ecosystem carbon in the DFA, which may 
be used as a guide in setting targets and variance for SFM planning. 
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Figure 1: Total ecosystem carbon in the forested land base over time; base case scenario 

 

Table 3: Summary of ecosystem carbon storage in the forested land base over a 250-year period 

Carbon Pool 

Current 
Carbon 
(MT) 

Average 
Carbon 

Over 250 
Years 
(MT) 

Minimum 
Carbon 
(MT) 

 % 
Difference 

from 
Current 
Carbon 

Year at 
Minimum

Maximum 
Carbon 
(MT) 

 % 
Difference 

from 
Current 
Carbon 

Year at 
Maximum

Tree-
aboveground 473 466 416 -12% 125 526 11% 50 
Tree-
belowground 112 109 97 -13% 125 123 10% 50 
 Deadwood 265 312 265 0% 0 342 29% 60 
 Litter 90 95 88 -2% 5 100 11% 50 
 Soil 811 916 811 0% 0 998 23% 250 
Total 1,752 1,898 1,752 0% 0 2,005 14% 240 

 
 
The total ecosystem carbon stored in the THLB generally increases over time 

from 496 MT (at Year 0) to 597 MT (at Year 250) (Figure 2 and Table 4).  Since natural 
disturbance is not modelled in the THLB, a more even aged class structure is developed 
over time resulting in more tree volume and carbon storage.  In contrast, in the NHLB 
where natural disturbance was modelled, results in a minimum total ecosystem carbon 
stored of 1,253 MT (at Year 5) and the maximum carbon stored of 1,409 MT (at Year 
240) (Figure 3 and Table 5).  Considering that the NHLB represents three-quarters of the 
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total forested land base in the Fort Nelson DFA, the carbon stored in the NHLB is a 
significant component of the overall carbon in this management unit. 
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Figure 2: Total ecosystem carbon in the timber harvesting land base over time; base case scenario 

(note scale is different from Figure 1) 

 
Table 4: Summary of ecosystem carbon storage in the timber harvesting land base over a 250-year 

period; base case scenario 

Carbon Pool 

Current 
Carbon 
(MT) 

Average 
Carbon 

Over 250 
Years 
(MT) 

Minimum 
Carbon 
(MT) 

 % 
Difference 

from 
Current 
Carbon 

Year at 
Minimum

Maximum 
Carbon 
(MT) 

 % 
Difference 

from 
Current 
Carbon 

Year at 
Maximum

Tree-
aboveground 127 148 127 0% 0 154 21% 206 
Tree-
belowground 30 34 30 0% 0 35 18% 150 
 Deadwood 73 70 69 -6% 96 73 0% 3 
 Litter 28 33 28 0% 0 34 25% 250 
 Soil 238 274 238 0% 0 306 29% 250 
Total 496 558 496 0% 0 597 20% 250 
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Figure 3: Total ecosystem carbon in the non-harvesting land base over time; base case scenario (note 

scale is different from Figure 1) 

 

Table 5: Summary of ecosystem carbon storage in the non-harvesting land base over a 250-year 
period; base case scenario 

Carbon Pool 

Current 
Carbon 
(MT) 

Average 
Carbon 

Over 250 
Years 
(MT) 

Minimum 
Carbon 
(MT) 

 % 
Difference 

from 
Current 
Carbon 

Year at 
Minimum

Maximum 
Carbon 
(MT) 

 % 
Difference 

from 
Current 
Carbon 

Year at 
Maximum

Tree-
aboveground 346 318 264 -24% 125 385 11% 50 
Tree-
belowground 82 75 63 -23% 125 91 11% 50 
 Deadwood 192 242 192 0% 0 273 42% 60 
 Litter 63 62 59 -6% 125 69 10% 50 
 Soil 573 642 573 0% 0 691 21% 250 
Total 1,256 1,339 1,253 0% 5 1,409 12% 240 

 
 
 
 
 

 
12



4.2.2  Carbon Sequestration 
Under the SFM Plan, Indicator 3-3 states “the processes that take carbon from the 

atmosphere and store it in forest ecosystems will be sustained.”  Forest growth (volume in 
the timber supply model) was modeled in 5-year time steps but in the CBM-CFS3, carbon 
is modeled annually12. The average rates of carbon sequestration can be calculated based 
on the following equation, where t is time in years, in this case t = 1: 

 
Average Sequestration Ratet=  (Ecosystem Ct – Ecosystem Ct-1) / 1 
 
The average sequestration rate fluctuates between a net loss of 6.87 MT C/year 

and a sequestration of 4.20 MT C/year for the entire forested land base (Figure 4).  A 
summary of the ranges in sequestration rates over the 250-year forecast horizon is shown 
in Table 6.   Table 6 is interpreted similar to Table 3, Table 4, and Table 5.  For example, 
the current sequestration rate in the total forested land base represents a net loss of 0.24 
MT/year with a maximum loss up to 6.87 MT/year over the 250-year forecast horizon, 
whereas positive sequestration reaches a maximum of 4.20 MT/year in carbon uptake 
from the atmosphere into ecosystem storage. 

 
For the THLB, the sequestration rate exhibits a constant decrease over time.  This 

can be explained by 1) our assumption that carbon is released immediately after harvest 
and 2) over time, more carbon is lost from the stands (through harvesting and normal 
processes of stand respiration) than is being stored, especially when the age class 
structure becomes more even-aged.  In the NHLB, the carbon sequestration rate is 
strongly linked with natural disturbance events such that the rate would increase during 
periods of relatively small disturbances and decrease after large natural disturbance 
events.   

 

                                                 
12 The 5-year forest growth period in the timber supply model is divided by five to represent the annual 
growth in the CBM-CFS3 for that 5-year period. 
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Figure 4: Sequestration rate (MT/year) in the forested land base; base case scenario 

 
Table 6: Summary of ecosystem carbon sequestration rates in the forested land a 250-year period; 

base case scenario 

Land Base 

Current 
Sequestration 

Rate1, 2

(MT/year) 

Average 
Sequestration 

Rate Over 
250 Years 
(MT/year) 

Minimum 
Sequestration 

Rate 
(MT/year) 

Minimum % 
of Current 

Sequestration 
Rate 

Year at 
Minimum

Maximum 
Sequestration 

Rate  
(MT/year) 

Maximum % 
of Current 

Sequestration 
Rate 

Year at 
Maximum

Timber 
Harvesting 
Land Base 0.69 1.01 -6.31 -1,020% 55 4.91 10 616% 
Non-
Harvestable 
Land Base 0.93 0.41 0.07 -92% 235 0.93 1 0% 
Total 
Forested 
Land Base -0.24 0.61 -6.87 2,758% 55 4.20 10 1,847% 

 

1 Average over the first year 
2 Negative values mean a loss in carbon storage to the atmosphere (i.e. emissions) and positive values mean 
an uptake in carbon from the atmosphere (i.e. storage) 

 
For the base case scenario, the “old age reset” rule is applied to the NHLB 

whereby the oldest stands are modelled to be disturbed first. A sensitivity analysis was 
completed to compare this ‘relative oldest’ approach versus a random selection of stands 
older than 10 years old (the same amount of area is disturbed in both cases).  The random 
age disturbance approach compared to the relative oldest approach is predicted to result 
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in more carbon being stored over time (Figure 5). This is a consequence from less old 
stands being disturbed and considering that old stands store more carbon than young 
stands there is an overall increase in amount of stored carbon. 
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Figure 5: Total ecosystem carbon in the non-harvestable land base (random versus relative oldest 

sorting of areas to be disturbed) 

 

4.3 Scenario Analysis 

4.3.1. Carbon Storage 
The two scenarios: “Harvest without Natural Disturbance” and “No Harvest with 

Natural Disturbance” are provided for benchmarking and comparison of extreme events 
only and do not represent any expected future condition for the Fort Nelson DFA.  If 
harvesting were to continue at the current AAC and natural disturbances in the NHLB 
were suppressed then the total ecosystem carbon could be increased over time (Figure 6).  
The increase comes from the massive amount of carbon accumulated and stored, 
particularly in the soil carbon pool, as the forests grow older in the NHLB.  The 250-year 
average of total ecosystem carbon under the “Harvest without Natural Disturbance” 
scenario is 442 MT more than that of the “Base Case”.  
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Figure 6: Total ecosystem carbon in the forested land base over time; harvest without natural 

disturbance scenario 

 
The distribution and trends in carbon storage by carbon pools in the “No Harvest 

with Natural Disturbance” exhibit similar trends to the “Base Case”, which is expected 
given the significant impact that natural disturbance has on the relatively large NHLB in 
both scenarios (Figure 7).  However, compared to the “Base Case”, there is more carbon 
stored under the “No Harvest with Natural Disturbance” scenario for every carbon pool 
except for the dead wood pool.  The 250-year average of total ecosystem carbon in the 
“No Harvest with Natural Disturbance” is 79 MT more than the “Base Case”.  Again, the 
loss of total ecosystem carbon storage from large natural disturbances could potentially 
be greater than the impact of harvesting.   
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Figure 7: Total ecosystem carbon in the forested land base over time; no harvest with natural 

disturbance scenario 

 
The “Base Case with Modified Natural Disturbance” scenario is one of many 

approaches in modeling natural disturbance.  In general, the latter disturbs less of the total 
ecosystem carbon stored over time than that in the “Base Case” (Figure 8).  There is more 
carbon in every carbon pool, with the exception of the dead wood pool, under the “Base 
Case with Modified Natural Disturbance” than in the “Base Case” resulting from areas 
with more stand volume being ‘disturbed’, thereby resulting in more deadwood. 
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Figure 8: Total ecosystem carbon in the forested land base over time; base case with modified natural 

disturbance scenario 

 
A total ecosystem carbon comparison for all four scenarios is presented in Figure 

9 and Table 7.   Between all scenarios, the average total ecosystem carbon stored over a 
250-year period is the least in the “Base Case” followed by the “No Harvest with Natural 
Disturbance”, “Base Case with Modified Natural Disturbance”. The scenario exhibiting 
the highest average carbon stored is “Harvest without Natural Disturbance”.  In all four 
scenarios, it is predicted that carbon storage will be greater in the future than its current 
state in both the THLB and the NHLB.  
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Figure 9: Scenario comparison of total ecosystem carbon in the forested land base over time 

 
Table 7: Scenario comparison of ecosystem carbon storage in the forested land base over a 250-year 
period; average and range of carbon values in megatonnes (and in brackets are the percent ranges 

compared to the current carbon condition) 

Carbon Pool 
Current 
Carbon Base Case 

Harvest without 
Natural 

Disturbance 

No Harvest with 
Natural 

Disturbance 

Base Case with 
Modified 
Natural 

Disturbance 

Timber Harvesting 
Land Base 496 

496 to 597 
Average: 558
(0% to 20%) 

496 to 597 
Average: 558 
(0% to 20%) 

496 to 702 
Average: 622 
(0% to 42%) 

496 to 597 
Average: 588 
(0% to 20%) 

Non-Harvestable 
Land Base 1,256 

1,256 to 1,567
Average: 1,339

(0% to 25%) 

1,256 6o 2,110 
Average: 1,781

(0% to 68%) 

1,256 to 1,435 
Average: 1,355 

(0% to 14%) 

1,256 to 1,642 
Average: 1,505 

(0% to 31%) 

Total Forested 
Land Base 1,752 

1,752 to 2,165
Average: 1,898
(0% to 24%)

1,752 to 2,708 
 Average: 2,340

(0% to 55%) 

1,752 to 2,135 
Average: 1,977 
(0% to 22%) 

1,752 to 2,239 
Average: 2,064
(0% to 28%) 

 

4.3.2. Carbon Sequestration 
The average sequestration rate for each scenario is illustrated in Figure 10 with 

the range in sequestration rates over the 250-year forecast period is provided in Table 8.  
The trend in sequestration rates for the “Base Case” and the “No Harvest with Natural 
Disturbance” are similar over time as natural disturbance determines whether the 
ecosystem is a carbon source or sink.  Although more carbon is stored over time under 
the “Harvest without Natural Disturbance” and “Base Case with Modified Natural 
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Disturbance” scenarios, the average sequestration rate declines because these two 
scenarios tend to have more older stands than the other former two scenarios: older stands 
accumulate less carbon per year than younger stands.  Nonetheless, in the “Harvest 
without Natural Disturbance” and “Base Case with Modified Natural Disturbance” 
scenarios, the sequestration rate does not decline below zero (or at the state where more 
ecosystem carbon stored is released into the atmosphere). 

 
 

-8

-6

-4

-2

0

2

4

6

8

0 50 100 150 200 250
Years from Present

M
eg

at
on

ne
 o

f C
ar

bo
n 

Pe
r Y

ea
r

Harvest
without Natural
Disturbance 

Base Case
with Modified
Natural
Disturbance

No Harvest
with Natural
Disturbance 

Base Case

 
Figure 10: Scenario comparison of average ecosystem carbon sequestration rates in the forested land 

base over time 

 
Table 8: Scenario comparison of average sequestration rates in the forested land base over a 250-

year period; range of sequestration rates 

Carbon Pool 

Current 
Sequestration 

Rate1, 2 Base Case 

Harvest without 
Natural 

Disturbance 

No Harvest with 
Natural 

Disturbance 

Base Case with 
Modified Natural 

Disturbance 

Timber Harvesting 
Land Base 0.93 

0.07 to 0.93 
Average: 1.01 
(-92% to 0%) 

0.07 to 0.93 
Average: 0.41 
(-92% to 0%) 

0.38 to 1.43 
Average: 0.82 
(-73% to 1%) 

0.25 to 4.56 
Average: 1.96 
(-95% to 0%) 

Non-Harvestable 
Land Base 0.55 

-4.53 to 4.29 
Average: 0.41 

(-929% to 685%) 

1.52 to 6.53 
Average: 3.42 
(-70% to 24%) 

-6.79 to 4.26 
Average: 0.71 

(-908% to 408%) 

0.08 to 0.93 
Average: 0.41 
(-92% to 0%) 

Total Forested 
Land Base 1.47 

-3.96 to 5.00 
Average: 0.61 

(-369% to 239%)

1.70 to 7.02 
Average: 3.82 
(-72% to 16%) 

-5.66 to 5.69 
Average: 1.53 

(-349% to 151%) 

0.13 to 3.63 
Average: 1.55 
(-97% to 0%) 
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4.4 Comparison with Phase 1 Carbon Project (FSOS-FORECAST) 
 

In terms of total ecosystem carbon stored and sequestration, the trends are similar 
between Phase 1 and 2 of the project (i.e. whether carbon is increasing or decreasing over 
time and which scenarios contain more carbon or sequester more), as illustrated by Figure 
11 and Figure 12.  However, actual carbon storage and sequestration estimates differ 
where the results from Phase 2 tend to be greater.  In general, the Phase 2 (CBM-CFS3) 
results demonstrate more carbon in the soils, trees, and deadwood than those in Phase 1 
(FORECAST).  However, the FORECAST results contain more carbon in the litter pool 
than the CBM-CFS3 results and FORECAST also provide carbon estimates in plants, 
whereby the CBM-CFS3 does not. 

 
It is very difficult to reconcile the specific differences between the CBM-CFS3 

and FORECAST model within this project since the internal model parameters and 
assumptions have not been explicitly published13. The models have different emphases in 
transfers and/or decay rates amongst carbon pools as well as the ‘contents’ in each pool. 
For example, the FORECAST model focuses on carbon storage within the rooting zone 
(0-75cm) whereas the CBM-CFS3 considers rooting depth based on the forest type (i.e. 
varying rooting depth).  It is in the authors’ opinion that the differences in the model are 
not as much as a concern given that the scenario trends are reasonably similar.  For future 
carbon forecasting and monitoring in the Fort Nelson DFA, the carbon model chosen 
should be transparent and verifiable to address uncertainties in the model. Furthermore, it 
is advised that one carbon model be selected for consistency in reporting. 
 
 

                                                 
13  The Canadian Forest Service is developing a scientific guide for the CBM-CFS3, in which it would 
contain the knowledge base and model assumptions and parameters. The manual is expected to be released 
in the fall of 2006 (Kull, personal communication).  
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Figure 11: Scenario comparison of total ecosystem carbon storage in the total forested land 

base between Phase 1 (FORECAST projections) and Phase 2 (CBM-CFS3 projections) of the 
carbon project 
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Figure 12: Scenario comparison of average ecosystem carbon sequestration rates in the forested land 
base between Phase 1 (FORECAST projections) and Phase 2 (CBM-CFS3 projections) of the carbon 

project 
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5. Forest Carbon Monitoring Plan  
In developing a forest carbon monitoring plan, there are two approaches that can 

be used (and are most often applied together): 1) forest carbon modeling and 2) field 
measurements.  This section is intended to provide considerations and recommendations 
for the development of a forest carbon monitoring plan, which consists of interpreting the 
carbon modeling results for setting carbon targets (and variance), as well as some 
suggestions for carbon data field collection. 
 

5.1 Forest Carbon Modelling 
The inclusion of carbon indicators in the SFM Plan was in recognition that forest 

ecosystems contribute to the global carbon cycle and that the SFM objective is to sustain 
the ecosystem carbon contributions from the Fort Nelson DFA.  To sustain these 
ecosystem carbon contributions requires an assessment of both current and future carbon 
conditions is necessary.  Carbon modeling allows for such an assessment by using 
currently available information such as the forest inventory data, growth and yield data, 
forest depletion areas (by anthropogenic and natural causes), integrated with current 
management assumptions and applied in a model.  Carbon modeling and scenario 
analyses have been conducted for the Fort Nelson DFA (Section 4). A natural question 
resulting from this work is “how do forest managers and Public Advisory Groups use 
these results for defining SFM carbon objectives, including appropriate targets and 
variances?” 

 
In no particular order, the following is a list of considerations for the Fort Nelson 

PRISM and licensee group to discuss in defining reasonable and achievable forest carbon 
objectives for SFM.  Readers should note that considerations are in the form of questions 
and the comments that follow are the opinions of the authors. 

 
1) What carbon pools should have objectives?  Given Canada’s participation in 

the Kyoto Protocol, it would be appropriate to include both aboveground and 
belowground tree biomass, litter, dead wood and soil (and if possible, other 
plants) in establishing total ecosystem carbon monitoring.  When establishing an 
objective, it would be appropriate to set objectives for total ecosystem carbon and 
not by each individual carbon pool since it is not necessarily crucial where the 
carbon is stored or sequestered, but more important that the appropriate totals are 
maintained.  It would also be appropriate to set an objective for the total 
ecosystem carbon (i.e. a sum of all carbon pools) but to report individually for 
each carbon pool14.  

 
                                                 
14 For carbon monitoring purposes, it would be practical and cost-effect to first focus on monitoring the 
carbon pools whose storage changes are the greatest, especially if they are expected to decline over time. 
For example, if carbon in plants can be shown (e.g. through forecasting) that the pool is relatively small and 
that it does not change much over a period of time, it may be reasonable to exclude the plant carbon pool 
from initial carbon monitoring. 
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2) Should the objectives be established separately for the THLB and the NHLB 
or together for the DFA? Considering the impact of natural disturbance in the 
NHLB on forest carbon (as shown in Section 4-Scenario Analysis) and the 
limitations of forest manager to manage the NHLB, it would be appropriate to set 
objectives for the NHLB and THLB separately.   Furthermore, if a significant 
disturbance event occurs, targets and variances may have to be revised.  

 
 

3) Which model results would the carbon objectives be based on?  The timber 
supply model, FSOS, was used in conjunction with two other carbon models: 
FORECAST (Phase 1) and CBM-CFS3 (Phase 2).  It is in the opinion of the 
authors, that both carbon models are credible and reliable.  However, the CBM-
CFS3 is a publicly available model and is widely used for national and provincial 
carbon accounting for Canada and may be more user-friendly.   The model chosen 
for use should be easy to understand, transparent, verifiable, and cost-effective.  
The ultimate decision on what model to use should be made by the Fort Nelson 
licensee and PRISM group. 

 
 

4) What scenario(s) best reflect current management?  The scenario(s) that 
represent our best guess about current forest management should be used in 
setting the carbon target and/or variance.  Future management assumptions and 
conditions will change but currently we do not know what those changes will be. 
As a result, the “Base Case” and the “Base Case with Modified Natural 
Disturbance” scenarios best reflect our current knowledge of recent carbon 
conditions.  As time progresses into the future, those associated results illustrated 
in this report become less appropriate and usable.  Further scenario analyses will 
be required to address future changes and uncertainties including issues such as 
assessing the impact of natural disturbance on forest carbon in the THLB.  Other 
scenarios to consider in the future are: intensive management (i.e. use of 
genetically improved seedlings or intensive silviculture) and the impacts of 
climate change on forest carbon. 

 
5) How would a carbon target be set - would it be a minimum target or a 

floating target over time?  It has been demonstrated in all four scenarios that 
total ecosystem carbon storage will likely be greater in the future than the present.  
Considering the outstanding uncertainties in carbon modeling and future 
prediction, it is reasonable and cautious to initially set a minimum carbon storage 
target (i.e. current carbon storage level).  However, if current management 
practices continue and carbon storage increases as forecasted, the target may be 
set to reflect such carbon increases.  Monitoring procedures needs to be utilized to 
assess appropriate carbon targets in the future.  
 
As seen under the Section 4, the ecosystem processes that increase carbon storage 
(i.e. the land base containing older stands) may not translate to increases in carbon 
sequestration (given younger stands generally have a higher sequestration rate 

 
24



than old stands).  There must be a balance in setting objectives for these two 
somewhat conflicting goals under traditional forest management given the other 
objectives in sustainable forest management including economic, ecological and 
social indicators15.  This emphasizes the importance of integrating carbon 
accounting with other forest management processes in order to ensure that 
tradeoffs are recognized in a timely matter.  

 
For example, under a ‘Kyoto-afforestation’ scenario, where there is currently a 
significant non-forested area (for 50 years), which is then forested, would increase 
overall forest carbon storage and sequestration (because prior to this the land was 
barren).  However, current forest management scenarios are much more 
complicated, due to ongoing harvest and planting activities, which create a diverse 
forest of assorted stand ages and species with various carbon storage and 
sequestration conditions. 
 
Establishing a target rate for carbon sequestration could also be based on the 
current, minimum or average carbon sequestration rates that are predicted over a 
period of time.  A target based on the minimum sequestration rate over time may 
be set as a safeguard while an average sequestration rate may be established in 
addition to setting a large variance to account for the range in carbon 
sequestration rates over time. Given the large forecasted fluctuations in carbon 
sequestration rates and the uncertainties associated with the rates, it is 
recommended a sequestration rate be established based on forecasts over a short 
period of time (i.e. 5 to 20 years). 

 
6) How would the variance be set?  This is a very difficult question because 

essentially the variance takes into consideration all the risks and uncertainties 
associated with the forest carbon objective and target.  Risks in carbon estimation 
are introduced by sampling errors around input data (such as the forest inventory), 
coefficients and model parameters creating multiple estimates around the ‘true’ 
value (Brack, 2001).  Uncertainties, on the other hand, include an unknown range 
of outcomes, introduced by external sources such as changes in management 
preference or investment returns, government policies, climate change and the 
role of natural disturbance on the forested land base (Brack, 2001). 
 
Currently, it is difficult to evaluate the risks associated with the model estimates 
of carbon because: 1) model parameter and assumptions have not been made 
publicly known and 2) an extensive set of sensitivity analyses around model 
parameters have not been completed.  Examples of model parameters to be tested 
involve those coefficients and ratios, which convert volume into carbon mass and 
relative growth in other biomass pool components (Brack, 2001).  The testing of 

                                                 
15 It is beyond the scope of this project to evaluate the possibility and feasibility of underaking a carbon 
sequestration project in Fort Nelson DFA that may obtain ‘carbon credits’ under an international emissions 
trading system. These ‘carbon credits’ are associated with monetary benefits.  It is mentioned here, as this 
project is limited to an ecological perspective; however, when setting carbon objectives and targets, a 
bigger picture involving social, political, and economic considerations may be required. 
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the impact of model parameters on forest carbon estimation would involve 
developing probability density functions (i.e. a range of acceptable parameter 
estimates with [reasonably] known probabilities of occurrence). Furthermore, 
model parameters may also be verified through ground sampling.  
 
Uncertainties from external sources will also be an issue and this can be partly 
understood through sensitivity and scenario analyses.  Risks and uncertainties 
(particularly those pertaining to the future) are generally outside the realm of 
control of forest managers.  As such, it is important to acknowledge and reduce 
risks and uncertainties (through further sensitivity analyses and field sampling) 
and to maintain continuous improvement within the existing SFM plan by 
reviewing “current conditions’. If carbon targets and variance are determined, an 
explanation of the risks, uncertainties and limitations of the analysis in which 
these targets and variance are based should accompany this determination. For 
example, both carbon storage and sequestration fluctuates over time in the various 
scenarios.  It would be reasonable to assume and allow for such a range in 
variation as being a minimum variance for the target.  Using the Phase 2 results of 
the “Base Case”, the minimum target for carbon sequestration rate may be at its 
current state of carbon release of 0.24 MT/year and the variance may be minus 
2,758% and plus 1,847% (Table 6).  
 

7) What are appropriate measurement and reporting units?  Carbon 
measurement and reporting units can be detailed on a total or per hectare basis.  
For example in the case of carbon storage, carbon can be reported by MT or by 
MT/ha for a given area.  The per hectare basis may be conceptually easier to 
manage for and would not be affected if the area of the DFA, THLB, or NHLB 
changes.  However, given that the goal is to sustain carbon in the DFA and as 
such there must be some measure or consideration to include the total carbon in 
the DFA, then total is a more appropriate unit. It is recommended that the total 
(MT for carbon storage and MT/year for carbon sequestration) be the units used 
for reporting but per hectare units can be used for verification purposes. 
 

 
 In setting targets and variances for forest carbon indicators it is important to set 
them within the capacity of the Fort Nelson licensees and PRISM group so that the 
carbon objectives are achievable.  Furthermore, given the uncertainties discussed, if the 
Fort Nelson licencees and PRISM are not confident with setting carbon target and 
variances, they may consider using continuous monitoring using forecasting/modeling 
and/or on-the-ground measurements (see next section for more details) until a time in the 
future where there may be more clarity and confidence in the forecasting results. There 
are many factors to consider in developing carbon targets and variance and as a follow-up 
to this project; a meeting was held between the authors and the Fort Nelson PRISM on 
May 4, 2006 to transfer knowledge and discuss potential future needs for this decision.  
Furthermore, this report is pending review from experts from the Ministry of Forests and 
Range, the CFS, and the University of British Columbia. 
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5.2 Forest Carbon Measurements 
This report only briefly summarizes the general principles behind forest carbon 

sampling as it is a thoroughly complex topic. Some references and suggested readings 
pertaining to forest carbon sampling and monitoring include documents from Winrock 
International (MacDicken 1997), Bush for Greenhouse (AGO 2002), the 
Intergovenmental Panel on Climate Change (IPCC 2003) and the Greenhouse Protocol by 
the World Business Council for Sustainable Development (WBCSD 2001).  Without 
describing extensively each of these approaches, a few comments are provided below. 
MackDicken (1997) provides a thorough explanation of the various trees and soils 
sampling procedures and possible sampling layout; however, procedures for coarse 
woody debris and snags are not available. The Bush for Greenhouse report focuses on 
measuring carbon stocks in new plantations (afforestation) and providing procedures for 
assessing seedling growth, biodiversity and ecosystem health.  However, the report did 
not document explicitly soils and snags sampling or monitoring.  For a coarse scale 
estimation of carbon stocks in large areas and detailed documentation of land-use change, 
particularly in agro-forestry lands, readers are referred to the national GHG inventory by 
the IPCC (2003).  The WBCSD (2001) have not yet developed methods for carbon 
accounting in the field, but have suggested at a carbon accounting level that both direct 
and indirect greenhouse gas (i.e. electricity and fossil fuel used in logging transportation) 
be accounted for.  Although a comprehensive greenhouse gas inventory of all forest 
operations within a company will eventually be required, this report focuses on carbon 
accounting within the forest ecosystem. 

 
The ideal sampling scheme would involve two phases: 1) destructive sampling to 

determine or improve existing allometric relationships16, and 2) continuous monitoring of 
forest attributes for the purpose of a forest carbon and monitoring program.  It is the 
understanding of the authors that destructive sampling is research intensive and therefore 
might not currently be a viable option for the Fort Nelson DFA Group.  Pending 
extensive research, rough calculations are satisfactory to determine a preliminary carbon 
budget estimate and track changes at a landscape/forest management unit level. 
 

5.2.1 Destructive sampling 
Destructive sampling is used to develop allometric relationships.  Since allometric 

equations for tree and vegetation biomass are well accepted throughout the research 
community for predicting biomass it is recommended that allometric equations be 
developed for various tree and vegetation sites within the Fort Nelson DFA.  
 

Less knowledge and information is available for the allometric relations of other 
components including snags and CWD. Destructive sampling to determine snag and 
CWD allometric relations involves taking wood samples or ‘cookies’ for each decay class 
to be measured for wood density. This wood density can then be used to derive weight 

                                                 
16 Alometric equations relate one part of the organism in proportion to another as a consequence of growth 
(e.g. crown width to crown biomass). Allometric equations are useful to link an easily measured variable 
(e.g. tree diameter) with a more time-consuming and costly variable (e.g. tree biomass). 

 
27



from volume; CWD volume is already being calculated as part of the Fort Nelson SFM 
Plan (via measuring diameter).  
 

Once allometric equations and wood densities are established, non-destructive 
sampling can be used where easy-to-measure variables are obtained in future monitoring 
plots (e.g. measuring diameter to determine tree biomass).  However, such non-
destructive sampling may not be preferred for belowground biomass pool because such 
relationships have not been well developed.  Carbon in soils, litter and humus are less 
documented and understood.  Relationships quantifying the amount of carbon in soils, 
litter and humus to an easily measured variable (such as tree basal area or litter depth) are 
emerging.  At this time, it is therefore recommended to do direct carbon sampling of 
these pools (i.e. using lab analysis). These efforts should be investigated such that Canfor 
and PRISM may cooperate with researchers who are currently addressing these topics.  
For example, under the Canada’s National Forest Inventory (NFI) initiative, soil samples 
are being collected and analyzed in the lab for carbon content.   
 

Under the NFI, data is being collected for biomass and carbon reporting. The 
authors are awaiting a response from the Canadian Forest Service (Mark Gillis, manager 
of NFI) regarding their methodology and the possibility of data sharing with the Fort 
Nelson licensees (May 17, 2006). Once these methods are known, these methods may 
also be revised for the Fort Nelson DFA so that similar carbon monitoring methods are 
implemented. 
 

5.2.2 Approximate Calculations 
There are some measurements that can be taken in the field and applied to 

published allometric equations.  For example, diameter measurements can be used to 
determine aboveground tree biomass (Standish et al, 1985) and belowground tree 
biomass can be determined through shoot:root ratios (Li et al. 2003).  The most 
comprehensive collection of information regarding forest carbon calculations using forest 
inventory data have been compiled by the CFS in their development of the CBM-CFS3.  
It is therefore advised that 1) the best available forest inventory data be used as input into 
the CBM-CFS3 and 2) rough calculations may be derived using equations from the 
CBM-CFS3 once their scientific guide is published (expected for release in the fall of 
2006).  Once the model parameters are known, the Fort Nelson DFA Group may want to 
complete a gap analysis and revisit or accommodate some carbon measures into their 
monitoring plan.  For example, currently the Fort Nelson DFA Group measures the 
volume/ha of CWD and the number of snags/ha.  For carbon monitoring purposes, it may 
also be important to determine the species and decay class of CWD and snags so that 
assumptions can be made regarding their carbon content. 

 
In the meantime, there are other data collection efforts that the Fort Nelson DFA 

group can implement to help improve carbon storage and sequestration calculations in the 
forested land base with the most important being an updated forest inventory.  A new 
inventory would greatly improve carbon estimation based on improving species, volume, 
site productivity and age information for the current area with old inventory data.  Other 
data improvement or update considerations include: 
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♦ The size of the THLB and NHLB, particularly defining non-productive areas (i.e. 

wetlands, rock, alpine, etc.), 
♦ Area that is planted annually, and 
♦ Area that is depleted from the forest land base due to: forestry activities (roads, 

trails and landings), urbanization, oil and gas activities, conversion to agriculture, 
and areas subjected to natural disturbances such as spruce budworm and fire. 

 

6. Conclusions and Recommendations  
The results of this project provide some initial estimates of the current forest 

carbon conditions in the Fort Nelson DFA.  The current total ecosystem carbon storage is 
1,752 MT and under the “Base Case” scenario fluctuates between 1,752 MT and 2,005 
MT over a 250-year forecast horizon.  The sequestration rate in the “Base Case” also 
fluctuates between a net loss of 6.87 MT C/year and a sequestration of 4.20 MT C/year.   

 
With an understanding of current management and the impact of harvesting and 

natural disturbance to the total ecosystem carbon, forest managers can begin to establish 
forest carbon objectives regarding targets, variance and monitoring.  For example, factors 
to consider in defining forest carbon objectives include the carbon pools; the land base 
(e.g. THLB, NHLB, and/or DFA); the measurement and reporting units (e.g. T or T/ha); 
the models to use for forecasting; the scenarios that represents current management; and 
the establishment of targets and variances. 

 
It is important to establish realistic and reasonable carbon objectives and as part of 

continuous improvement, to revisit these goals and make necessary revisions to forest 
carbon estimates as new information such as updates in forest inventory and depletions 
are made available. 
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Appendix 1: Summary of Phase 1 Project 
Deliverables and Updates Since March 2005 
As part of this project, Development of Carbon Measures and Baseline Information for 
Sustainable Forest Management for Canfor Sustainable Forest Management Plans 
(Agreement Number 2005-FIA-2404004), the four deliverables related to Phase 1 of the 
carbon project outlined in the contract are listed below (in bold).  The reference to the 
section numbers relevant to the deliverables as updated in the report, Forecasting 
Indicators for Sustainable Forest Management: Total Ecosystem Carbon for the Fort 
Nelson TSA, are provided below. 
 

1) Summarize the analysis of current and future forest carbon conditions.  In 
the base case scenario, the current total ecosystem carbon storage is 1,000 MT and 
fluctuates between 998 MT and 1,066 MT over a 250-year forecast horizon.  The 
sequestration rate also fluctuates between a net loss of 1.13 MT C/year and a 
sequestration of 2.13 MT C/year. Details can be found in Sections 4.3 to 4.5.  
Updates since the March 2005 version includes the inclusion of tables that 
specifies minimum and maximum carbon ranges throughout the 250-year forecast 
horizon and comparisons to current carbon conditions (Section 4.4 and 4.5). 

2) Provide recommendations to forest managers on sustainable forest carbon 
management planning and analysis. This can be found in Section 5, which 
includes recommendations from the author as well as the experts who have 
reviewed the report. These recommendations have mainly been addressed in 
Phase 2 of the carbon project. Recommendations have also been added in regards 
to the wording and measures for the Measures 3-1.1 and 3-1.2, which relate to the 
carbon stored in trees and non-tree vegetation, respectively.  Namely, that 
Measures 3-1.1 and 3-1.2 should be concerned with sustaining ecosystem carbon 
as a total rather than as individual components (i.e. by carbon pool, forest type 
[hardwood pure, hardwood mixed, conifer pure, conifer mixed], age class, and 
sucessional stage).  Please see Section 4.2.1 for more details. 

3) Stand-level carbon yield tables that were used in the analysis. This can be 
found in Appendix 3. 

4) Summarize Phase 1 work completed last year for the Fort Nelson TSA 
(includes stand level carbon yield tables).  This is summarized in points 1 to 3 
above. In addition, Dave Spittlehouse, Research Climatologist, Ministry of 
Forests and Range, has reviewed the report and provided some comments 
pertaining to editorial changes and clarification on some of the model 
assumptions.  

 

A copy of the final report for the Forecasting Indicators for Sustainable Forest 
Management: Total Ecosystem Carbon for the Fort Nelson TSA can be requested from 
Ann Wong at Forest Ecosystem Solutions (email: awong@forestecosystem.ca or phone: 
604-998-2222) or Darrell Regimbald (email: darrell.regimbald@canfor.com or phone: 
250-233-6500). 
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Appendix 2: Timber Harvesting Land Base 
Determination for the Fort Nelson TSA 

Classification 
Total Area 

(ha) 

Net Area 
Removed 

(ha) 

Percent of 
Total TSA 
area (%) 

Percent of 
CFLB 
(%) 

Total TSA Area 9,868,067 9,868,067  
Land not managed by MOF (e.g.. private, 
woodlots, federal, Indian, military 
reserves) 29,927 29,927  
Area Managed by the Ministry of 
Forests and Range 9,838,140 100.00 
Reductions to TSA:  
Non-forest, non-productive, no typing 3,712,709 3,705,856 37.62  
Alpine (not previously accounted for) 3,006 3,006 0.03  
Non-commercial cover (brush) 350,671 350,671 3.55  
Existing roads, trails and landings 46,686 37,395 0.38  
Total productive Crown forest land base 
(CFLB)  5,741,212 58.18 100
Parks, UREPs and Ecological Reserves 1,059,861 371,322 3.76 6.47
NSR from wildfire, non-productive or 
misclassified 86,106 76,632 0.78 1.33
Non merchantable 301,193 250,253 2.54 4.36
Low timber productivity 4,416,007 2,729,564 27.66 47.54
Riparian reserve (stream, wetland and lake) 543,340 190,667 1.93 3.32
Environmentally sensitive areas 708,018 122,878 1.25 2.14
Unstable terrain 19,112 9,197 0.09 0.16
Wildlife range burn areas 354,999 27,109 0.27 0.47
Stand-level biodiversity (existing wildlife 
tree patches) 434 367 0.004 0.01
Seismic areas 111,957 26,026 0.26 0.45
Inoperable areas 7,419,049 361,670 3.67 6.30
Black spruce leading stands 1,215,896 143,258 1.45 2.50
Total Reductions to the CFLB: 4,308,943 43.67 75.05
Current Timber Harvesting Land Base 1,432,269 14.51 24.95
Future Reductions:     
Future roads, trails and landing  29,825 0.30 0.52
Future stand-level biodiversity (WTP)  6,272 0.06 0.11
Future Timber Harvesting Land Base  1,396,172 14.15 24.32
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Appendix 3: Disturbing the Non-Harvestable 
Land Base 
[Adopted from the Fort Nelson Timber Supply Area Timber Supply Review 3 Analysis 
Report (November, 2005).] 
 
To prevent the contributing, non-timber harvesting land base from continually aging and 
providing a disproportionate and often improbable amount of old forest cover conditions 
to satisfy landscape biodiversity requirements, a disturbance function must be applied.  
 
The document Modeling Options for Disturbance Outside the THLB – Working Paper 
provides direction for disturbing areas of the landscape outside of the THLB.  There are a 
variety of possible approaches to applying a disturbance in the contributing non-timber 
harvesting land base.  While each approach has its strengths and weaknesses there 
remains a significant amount of uncertainty as to what the most appropriate methodology 
would be.  
 
The Age Reset by BEC variant Rule for the contributing, non-timber harvesting land base 
methodology is proposed for the base case analysis. The methodology (Modeling Options 
for Disturbance Outside the THLB – Working Paper) is as follows (Table 9): 

1. List the estimated return interval for disturbance in each variant and NDT in the 
TSA (Landscape Unit Planning Guide Appendix 2).  

2. Establish the age of old and estimated minimum target % of old seral that would 
be expected (Landscape Unit Planning Guide Appendix 2). The % old target is 
weighted by the CFLB area corresponding to the % old target by BEO. 

3. Calculate a rotation age based on the age distribution described in step 2 (target 
age/(1-target %). 

 
This analysis was completed on the BEC unit since the variants and NDTs represent the 
same groupings.  Under the Old Age Reset Rule, in each BEC unit, when an area in the 
non-harvesting land base reaches the effective rotation age, as shown in Table 9, a 
‘disturbance’ is modeled and the area is set back to age 0 and goes through succession 
again.  Under the Area Annually Disturbed Rule, the annual area to be disturbed is 
calculated from taking the area in the non-contributing land base and dividing it by the 
effective rotation age so that by the end of the effective rotation age, all stands (that are 
not ‘retained’ as old seral ) have been disturbed at least once (Table 9).  The amount of 
area that is disturbed in the non-harvesting land base over time is shown in Figure 13. 
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Table 9: Assumptions on natural disturbance in the non-harvesting land base by BEC variant 

 a b c d e f 

Return 
Interval 

Min. 
Target % 

Old 
Age of 

Old 

Effective 
Rotation 

Age 
Contributing 
Non-THLB 

Target to 
Disturb 

Annually (ha) BEC NDT 
 Unit 

* Total does not sum up to total reductions because some areas had missing info and could not be classified into a BEC 
unit (missing species, etc.) 

 LUPG LUPG LUPG (c/(1-b))  (e/d) 
Spruce Willow 
Birch (SWB) 2 200 11 250 280 1,032,669 3,688 
Boreal White and 
Black Spruce 
(BWBS)-conifer 3 100 13 140 161 2,339,890 14,533 
Boreal White and 
Black Spruce 
(BWBS)—
deciduous 3 125 16 100 119 795,096 6,681 
Total:      4,167,656* 24,902 
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Figure 13: Area disturbed in the non-harvesting forested land base over time by biogeoclimatic zones 
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