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1.0 INTRODUCTION 

Forests sequester carbon from the atmosphere, and from a carbon budget perspective they can 

either be a net drain from or a net source of atmospheric carbon.  The extent of this sequestration 

depends upon landbase characteristics, forest and stand dynamics, and the forest management 

practices employed.  Carbon that is sequestered is removed from the atmosphere and is 

unavailable to contribute to global warming.  The B.C. Government has taken legislative and 

regulatory measures to encourage organizations to reduce their carbon footprint by reducing or 

offsetting their greenhouse gas emissions. The resulting need to be able to offset carbon 

emissions has created a market for carbon credits.  The Revelstoke Community Forest 

Corporation (RCFC) has contracted Timberline Natural Resource Group Ltd. (Timberline) to 

carry out a carbon budget analysis to provide a strategic assessment of the impact that current and 

potential management regimes would have on carbon stocks TFL 56. 

Conceptually, many different forest management interventions have the potential to alter the way 

that stands sequester and store carbon.  Practically, RCFC will be interested in those practices or 

projects that have the potential to generate saleable carbon credits in the short term.  In B.C., the 

rules for forestry projects are described in the “British Columbia Forest Offset Protocol”, which 

is currently in draft form and under review.  It is a comprehensive document that describes the 

procedures that must followed in order to develop, quantify and verify carbon sequestration for 

forestry offset projects.  The types of projects permitted under this protocol are: 

1. Afforestation; 

2. Select Seed Use; and  

3. Fertilization. 

The protocol allows that other types for forestry projects may be added to the list in the future.  

For the time being however, any forestry carbon business plan will need to focus on these three 

management options. 

The first step in building a plan to become engaged in the carbon offset marketplace is to 

establish a baseline carbon forecast.  The base case scenario from the last timber supply analysis 

has been used as a starting point.  The carbon outcomes of this scenario have been compiled.  

This was done by recreating a current management regime within the forest estate model, and 

monitoring carbon levels.  To explore the dynamics of this scenario, a sensitivity run was made 

without any harvesting. A second sensitivity that modified harvest levels only slightly in an effort 

to sequester more carbon was also completed.  

The base case run provides a reasonable foundation for evaluation other forest management 

scenarios that would sequester different amounts of carbon.  Next, an assessment of the potential 

of the TFL to sequester incremental carbon under each of the three programs allowed under the 

Protocol was made.  The original intent was to run alternative management regimes in the forest 

estate model and summarize the carbon outcome of each scenario.   

In order for the forest estate model to produce carbon outputs, stand-level carbon inputs are 

required.  For that purpose, the Carbon Budget Model of the Canadian Forest Sector (CBM-

CFS3) was used to develop ecosystem carbon estimates for each analysis unit (a group of stands) 

as input to the forest estate model.  The CBM (CFS3) is a carbon accounting framework that 

simulates, for a selected period of time, carbon dynamics of above-ground and below-ground 

forest biomass and dead organic matter (DOM).  It can be run at different spatial scales, 

depending on the output information required.  At the stand level, it can produce age-dependant 
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estimates of carbon storage, broken down by component (biomass, dead organic matter and total 

carbon). 

The carbon curves are incorporated into the forest estate model along with the usual yield curve 

information and all other landbase objectives and analyzed for the 250-year planning horizon.   

The starting point for this evaluation was the recently completed (by Forsite) timber supply 

analysis base case. This report documents assumptions, methodology and results of this analysis. 

An important aspect of carbon monitoring is to account for the long term storage of carbon in 

forest products.  A portion of the carbon from harvested trees is stored as wood products (lumber, 

paper, chips etc), whereas stands naturally disturbed through wildfire, blowdown or insect 

infestation are emitted to the atmosphere.  Previously the carbon storage as wood products was 

not considered in international carbon accounting rules because it was believed that the decay of 

existing wood products was equal to the storage in new wood products. There is increasing 

evidence that carbon storage in wood products is increasing, which is leading to growing demand 

for better information. 

Not all forestry carbon is sequestered on the landscape. Forest products are, in effect, carbon-

storing products that persist for the long-term.  The amount of carbons stored decreases as 

products reach the end of their useful life and are recycled or disposed of.  However, the amount 

of carbon going into new products more than compensates for the loss because some products 

remain in use for long periods of time and because many products end up in landfills.  

Consequently, forest products represent a significant carbon sink and would significantly alter 

any business plan for carbon offsets.  However, carbon sequestration in forest products is not 

covered by the B.C. draft protocol, and ‘ownership’ issues related to the associated carbon credits 

are still under active discussion.   

The results of this analysis are summarized at the end of the report, and further opportunities for 

RCFC to benefit from carbon offset trading are considered. 
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2.0 PROCESS OVERVIEW 

The carbon budget analysis project builds upon the optimization analysis done for the timber 

supply analysis completed for TFL 56 by Forsite Consultants Ltd.  The modeling approach 

utilizes the strengths of both a forest estate model (Patchworks) and CBM.  

Inputs for the forest estate model include: 

• A description forest stands from the vegetation resource inventory (VRI),  

• Yields for natural stand generated using Variable Density Yield Prediction (VDYP 

Batch– version 6.6d); 

• Yield forecasts for managed stands generated using the Table Interpolation Program for 

Stand Yields (BatchTIPSY – version 4.1 2007) 

• Resource management zones and strategies for managing and protecting non-timber 

values 

• Carbon sequestration and yield estimates from the Operation Scale Carbon Budget of the 

Canadian Forest Sector (CBM-CFS3 – or CBM) 

• Estimates of the flux of carbon in forest products from a spreadsheet calculator provided 

by MFR. 

 

Input data, management practices and assumptions drive the component models.  Figure 2.1 

shows the interaction between the forest estate model, CBM and the forest products carbon 

calculator. The process steps are to: 

• Create an initial set of CBM files using the timber supply analysis yield curves and 

inventory files; 

• Use CBM to create carbon curves for each classifier and disturbance type; 

• Import the carbon curves into Patchworks; 

• Run a series of scenarios in Patchworks; 

• Extract treatment schedules for four Patchworks scenarios; 

• Identify the types of disturbances and map them to CBM equivalents; 

• Post process to report on carbon stocks as well as carbon stored in wood products. 
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Figure 2.1 Modeling Approach 
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3.0 CARBON BUDGET MODEL 

3.1 Model Overview 

The CBM (CFS3) is a landscape level carbon accounting framework that simulates, for a selected 

period of time, carbon dynamics of above-ground and below-ground forest biomass and DOM. 

Landscape-level forest carbon accounting is carried out in the CBM-CFS3 by tracking the carbon 

dynamics associated with both stand-level and landscape-level processes
1
.  CBM can simulate 

carbon dynamics at multiple scales, and is able to process harvest schedules and management 

assumptions to model and report on the carbon stocks.  The model can be used either to assess 

past changes in carbon stocks or to predict and evaluate future changes (monitor) that would 

result from different management scenarios. 

For more information on the CBM model and forest carbon accounting, please see the Canadian 

Forest Service Website at: http://carbon.cfs.nrcan.gc.ca/. 

Carbon stock is the absolute quantity of carbon held within a pool at a specified time.  A pool is a 

reservoir or system which has the capacity to accumulate or release carbon. Examples of carbon 

pools are forest biomass, wood products, soils, the atmosphere and dead organic matter (DOM).  

The carbon stock change is the difference in the amount of carbon in a given carbon pool over a 

period of time.  There are three types of carbon stocks that are reported on in this analysis: 

1. Biomass stocks. Biomass is defined as the living mass from trees in a given area.  

This includes above-ground and below-ground tree components (stems, branches, 

leaves, and roots).  Other woody vegetation, mosses, lichens and herbs are not 

included. 

2. Dead organic matter (DOM) stocks.  DOM is all the dead biomass from trees in an 

ecosystem.  These include standing dead trees, downed trees, coarse and fine woody 

debris, litter, and soil carbon. 

3. Total ecosystem carbon stocks. Total ecosystem carbon is the sum of the biomass 

and DOM stocks. 

 

3.2 CBM Assumptions 

3.2.1 Precipitation and Temperature 

Precipitation and temperature are model variables intended to impact the rate of decay in the 

model. The model defaults temperatures and precipitation using averages within ecological 

boundaries, however this can be over-ridden with improved information. Mean annual 

temperature at Revelstoke is 6.9 degrees Celsius (sourced from the Revelstoke weather station 30 

year climate normals (1971 – 2000) on the environment Canada website
2
). The mean annual 

temperature has a significant impact on the decay rates.  

Mean annual precipitation at Revelstoke is 945.5 mm/year (sourced from the Revelstoke weather 

station 30 year climate normals (1971 – 2000) on the environment Canada website). In the current 

                                                      

1
http://carbon.cfs.nrcan.gc.ca/CBM-CFS3_e.html 

2
 http://climate.weatheroffice.gc.ca/climate_normals/index_e.html 
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version of CBM, precipitation does not impact decay rates, but the intention is to adjust decay 

rates by precipitation as well as temperature.  

 

3.2.2 Classifiers, Analysis Units and Yield Curves 

In CBM ‘classifiers’ are used to stratify the landbase.  This analysis uses the AUs and disturbance 

types as unique classifiers in the CBM model. In this analysis, there is a distinction between 

natural and managed classifiers. 

For each classifier there is also a yield curve.  The CBM model is considered to be an inventory-

based model, which relies on growth and yield data to estimate carbon stock budgets (Kurz & 

Apps 1992, 1996).  The net volume provides the base information that the CBM model uses for 

volume-to-biomass conversions to estimate the biomass in the various carbon pools 

(merchantable stemwood, foliage, coarse roots and fine roots). There have been over 7 million 

trees measured throughout Canada to create the volume-to-biomass equations and other 

assumptions built into the CBM model. 

It should be noted that the CBM model is under continual validation and refinement by Natural 

Resources Canada.  One of the focuses of improvement efforts is the Volume-to-Biomass 

conversion for British Columbia.  In the ‘Known Issues’ document that was circulated with the 

latest version of the model, the following caution was given: 

“The data used to derive volume-to-biomass equations for British 

Columbia that are used in the CBM-CFS3, have been identified as 

problematic, creating greater uncertainty in the CBM-CFS3 estimates.  

Our team is working on a solution in collaboration with CBM-CFS3 users 

and the province of British Columbia.” 

This concern should be borne in mind when interpreting the results of this analysis. 

 

3.2.3 Analysis Unit Definition 

In order to reduce the complexity of the forest description for the purposes of timber supply 

analysis, aggregation of individual forest stands is necessary.  However, it is critical that this 

aggregation obscures neither differences in biological productivity nor differences in management 

objectives and prescriptions.  It is important to note that aggregation of the landbase will be 

consistent in all options and sensitivity analyses. 

Analysis Units (Aus) are aggregates of stands of similar characteristics and growth and yield 

responses. Grouping stands into AUs on the basis of similar species composition, site 

productivity and silviculture regime captures similarities in growth and response to silvicultural 

treatments.  The methodology of grouping stands into AUs follows the methodology used for the 

recently completed timber supply analysis, and is summarized below. 

 

3.2.4 Natural Stand AUs and Yields 

Natural stand yield curves were used for all stands established prior to 1980.  The MoFR Variable 

Density Yield Prediction (VDYP) model (Version 6.6d) was used to for each stand based on its 

VRI attributes (species composition, crown closure and VRI site index).  These yield curves were 

then averaged on area-weighted basis to produce one yield curve for each AU.  Volumes were 

calculated net of secondary deciduous species volume contributions.  These curves were netted 

down by an additional 1.75% to account for wildlife tree patches 
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3.2.5 Managed Stands AUs and Yields 

Stands were grouped using the same criteria that were applied when creating natural stand AUs.  

Site index estimates produced using the MoFR’s site index biogeoclimatic ecological 

classification (SIBEC) system were used to model the growth of managed stands where available.  

SIBEC site index estimates were assigned to a stand based on the leading species and BEC site 

series classification.  In cases where site index estimates from free growing surveys was 

available, it was used in preference to the SIBEC estimates.   

The silviculture management regimes were modeled as predominantly clearcut followed by 

planting. Partial retention silviculture systems are used occasionally, but they are not common 

and were not modeled in the timber supply analysis. 

 

3.2.6 Genetic Gain 

Genetic gains increase the growth of managed stands, so one carbon option is to incorporate the 

genetic gains assumed in Table 3.1 (from the timber supply analysis base case completed by 

Forsite).  TIPSY was used to produce new yield curves which incorporated the genetic gains to be 

used for the managed stand yields. 

Table 3.1 Genetic Gain Assumptions 

Species Genetic Gain (%)  

Spruce 11.4 

Douglas-fir 1.4 

 

 

3.2.7 Disturbance Types 

The optimization analysis allows for several treatment options or disturbance types that can be 

applied over the 200 year planning horizon.  Possible disturbance types are:  

• Clear cut harvesting; 

• Fertilization;  

• Disturbances in the non-THLB landbase (fire); and 

• Planting (reforestation). 

These actions must be “mapped” (i.e. linked) to the applicable terminology in the CBM model.  

In consultation with MoFR carbon experts, each treatment was defined in CBM as shown in 

Table 3.2.  

Table 3.2 Treatment Mapping in CBM 

Treatment/Action CBM Disturbance Type 

Clear cut harvesting Clear cut with slash-burn 

Fertilization Natural non-forest rehabilitation 

Natural non-THLB Disturbances Wild Fire 

Reforestation Afforestation 
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3.3 Carbon Curves 

The primary focus of the analysis is managing for carbon at the landscape level. This section 

looks at the carbon impacts at a stand level in order to help understand the how specific 

management decision impact a specific stand. This component of the analysis helps focus the 

optimization analysis on activities that have strong stand level responses and looking at the stands 

in isolation. 

The stand level CBM tool has a process that mimics historical natural disturbances for a stand to 

estimate the current carbon stocks in the soil. This makes it difficult to assess the impact that 

changing the growth of stand (i.e. fertilizing) will have on carbon stocks because the different 

yield curve will also change the carbon stocks resulting from the historical natural disturbances. 

However the carbon impact of fertilization is mostly biomass, which is proportional to the change 

in the yield curve.  The batch version of the CBM model is able to deal with multiple yield curves 

for a specific stand.  

This project extracted carbon curves from the CBM model to be used in the optimization model. 

A carbon curve was created for each AU/treatment combination.  This was done by using the 

same CBM input files as the main analysis but using a fixed area of one hectare. The growth 

curve remains the same and there are no disturbance events or transitions. The curves provide a 

sense of the levels of carbon that would be available at a specific age. However it should be 

recognized that the CBM model is a process driven model in which the previous condition of a 

stand affects the carbon pools into the future.  By contrast, Patchworks and most other timber 

supply models, use state to state transitions to track changes in yield that do not track treatment 

history.   

 

3.4 Product Storage of Carbon 

An important aspect of carbon monitoring is to account for the long term storage of carbon in 

forest products.  A portion of the carbon from harvested trees is stored as wood products (lumber, 

paper, chips etc).  Previously, carbon storage as wood products was not considered in 

international carbon accounting rules because it was believed that the decay of existing wood 

products was equal to the storage in new wood products.  There is increasing evidence that 

carbon storage in wood products is increasing, which is leading to growing demand for better 

information. 

For this project an interim tool created by MoFR carbon experts (Li, Q and Dymond, C) to 

estimate the amount of carbon stored in wood products was used. The spreadsheet makes 

assumptions of the flow of volume from the forest to different primary uses, secondary uses, 

landfill and emissions.  Figure 3.1 shows the flow of biomass when harvested through forest 

product uses. 
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Figure 3.1 Flow Diagram for Harvested Biomass Fate
3
 

 

The following are default input assumptions to the forest product calculator: 

• Primary use proportions: 

o Construction lumber: 0.38 

o Other lumber: 0.163 

o Paper and chips: 0.457 

• Secondary use proportions: 

o Emissions: 0.075 

o Recycling: 0.05 

o Landfill: 0.875 

o Decay: 0.01 

• The volume harvested (m
3
/ha) to carbon (tonnes of C / ha) conversion factor used was 

0.21. 

 

                                                      

3
 from Apps, Kurz, Beukama and Bhatti 1999 Environmental Science & Policy 
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Information about log end-use category from the Boundary TSA Carbon Optimization completed 

by Timberline in 2009 was used for this project. Primary use proportions were base on feedback 

from the local licencee and are shown in Table 3.3.  These values were used to replace the 

defaults listed above. 

 

Table 3.3 Primary Use Proportions 

Primary Use   Percentage (%) 

Construction 55 

Other 30 

Chips 15 

 

Using the above assumptions, the forest product calculator calculates the percentage of each 

component retained in forest products over 100 years as shown in Figure 3.2 (adapted from Apps 

et.al., 1999).  
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Figure 3.2 Carbon Storage Proportions by Product Component 

 

Figure 3.3 shows the proportion in each component over 200 years.  Initially, 100% of the stored 

volume is stored as construction lumber, other lumber and chips.  Once this decays and reaches 

the landfill, an increasing proportion of the retained carbon exists in landfills.  The total 

percentage retained and the carbon conversion factor is applied to the harvested volume of each 

stand at the time of harvest in order to calculate the amount of carbon stored as forest products.   
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Figure 3.3 Total Carbon Storage Proportions 
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4.0 FOREST ESTATE MODELLING 

4.1 Model Overview 

Patchworks is a spatially explicit harvest scheduling optimization model developed by Spatial 

Planning Systems in Ontario.  It has been used to develop spatially explicit harvest allocations to 

explore the trade off between a broad range of conflicting management and harvest goals. 

Patchworks is a multiple-objective goal-programming model and can be described as consisting 

of two components:  

1. A GIS interface with map viewer and viewer functions;  and 

2. A harvest scheduler that runs continuously in the background- searching for 
improvements in the allocation to improve the value of the objective function.  The 

model seeks a solution that maximizes the value of the total objective function.   The 

objective function will be made up of both the traditional (management plan) 

objectives and the additional requirements and indicators.  In areas of timber 

management, the harvest schedule will be optimized (both the current and future 

forecasted landbase) for timber flow requirements and to minimize the environmental 

risk, as measured by the established indicators. 

 

4.2 Patchworks Assumptions 

4.2.1 Patchworks Curves 

Every stand and possible decision pathway has a matrix of curves associated with it.  Curves are 

used to model almost any type of information included in an analysis.  A curve can represent any 

aspect on the landbase such as financial information (costs and values), harvestable volume, 

carbon pools or contribution to landbase objectives such as MDWR, VQO or ECAs.  Generally, 

these curves have age along the x-axis and user-defined units along the y-axis.  These curves give 

Patchworks the flexibility to incorporate almost any information that may be needed.  

 

4.2.2 Patchworks Methodology 

A block is the primary spatial unit in the Patchworks model.  A block in Patchworks is a single 

polygon that describes its geographical location and is indivisible i.e. treatments are applied 

uniformly across the entire managed area of a block. 

In order for Patchworks to run efficiently and produce reasonable results, the blocking layer is 

created to include as few blocks as possible (100,000 is recommended), and have an operationally 

reasonable block size and shape (no silvers, long thin units etc.). The timber supply analysis 

spatial files provided by Forsite had a reasonable number of blocks; no additional blocking was 

needed.  

The second stage involves creating the Patchworks input files and objective functions through the 

following steps: 

• Adding objective functions and targets for additional values to consider (e.g. biomass, 

DOM, biofuel volume and silviculture activities such as planting and fertilization); 
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The final stages include running and evaluating the results.  Multiple iterations are necessary to 

tweak targets and weightings in order to address unanticipated model behaviour. 

 

4.3 Timber Supply Resource Management Zones 

As mentioned above, the timber supply input files were converted to Patchworks files which 

include the modelling of the same RMZs.  The following are all the timber supply RMZs on TFL 

56: 

• There are no legally established visual quality objectives. 

• Mountain Caribou reserves have been netted out of the THLB - both Status Quo and 

Incremental as defined by SaRCO 

• Grizzly bear habitat is assumed to be accounted for through old and mature retention 

targets (Operationally, a 50 metre buffer would be applied on ‘key’ avalanche chutes, but 

these aren’t mapped.) 

• Only one wildlife habitat area (WHA) – a small area (species confidential) has been 

excluded from the THLB 

• old seral (and old+mature seral) targets have been applied on BEC variants within each of 

the two landscape units.  The RHLPO sets targets for both the operable and inoperable 

landbase – only the former an enforce for this analysis 

• the patchsize targets shown in Table 3.1 have been modelled 

Table 4.1 Patch Size Targets 

 NDT 1 NDT 3 

Small (0-40 ha) 30-40% 20-30% 

Medium (40-80 ha) 30-40% 25-40% 

Large (80-120 ha) 20-40% 30-50% 

 

  

4.4 Silviculture Options 

Silviculture options have been modelled by providing Patchworks the option of choosing between 

two (or more) treatments for a given stand, i.e. there are multiple treatment pathways available.  

The alternative treatment options that are included in this analysis are: 

1. Afforestation; 

2. Fertilization of eligible stands; and 

3. Genetic Gains 

Each of these treatment options are detailed in the following sections. 

 

4.4.1 Afforestation 

The opportunities for afforestation on the TFL are limited.  In order to qualify for carbon credits 

under the proposed BC Forest Offset Protocol, the area must have been deforested as of 
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December 31, 1989, be at least one hectare in size and wider that twenty metres, and meet some 

minimum productivity requirements.  As the width requirement effectively rules out road 

reclamation, to types of unforested area remain to be considered: backlog NSR and non-

productive brush. Figure 4.1 provides an indication of where these areas fall within the TFL. 

 

Accessible NP Brush

Inaccessible NP Brush

Backlog NSR

 

Figure 4.1 Potential Afforestation Areas 

 

Backlog NSR 

There are 1018 hectares of area classified as ‘Backlog NSR’ in the spatial dataset used for the 

timber supply analysis.  The Information Package for MP4 states that there ‘… are no areas 

classified as “backlog NSR”’.  Most of these areas are not unforested, but are occupied by stands 

with low stocking levels.  They have been included in the THLB and assigned to a low-density 

yield curve.  A few areas have been excluded from the THLB, but before they could be 

considered for an afforestation project, it would need to be determined (on a site-by-site basis) 

that they: 

o were unforested at the end of 1989; and 

o are capable of supporting a forest stand. 

At a strategic level, it is not reasonable to assume that both of these conditions are true.   
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Non Productive Brush 

A significant area of non-productive brush has been identified in the forest inventory – 24,521 

hectares it total.  However, most of this area in inoperable; only 2839 hectares falls within the 

operable landbase.  As with backlog NSR, a site level inspection would be needed to verify where 

(or if) suitable carbon project areas exist. 

 

4.4.2 Use of Select Seed 

The Forest Offset Protocol allows for claiming carbon credits if genetically improved seed is used 

to establish higher-yielding stands.  However, these credits are only available for incremental use 

of genetically improved seed.  The proponent must be able to show that the improved seed was 

used solely to sequester more carbon.  For harvested areas where select seed use is otherwise 

mandated, no carbon credit is available.  RCFC has already fully incorporated the use of select 

seed (for spruce and Douglas-fir) into their base case timber supply forecast.  Since this is not 

eligible for carbon credits, in has not been modelled in this analysis.  

 

4.4.3 Fertilization 

Fertilization is another silviculture treatment that can result in greater amounts of carbon being 

sequestered.  TFL 56 does not have a history of fertilization, so general guidelines for treatment 

for the Interior have been used.  For this analysis, a stand is suitable to be a candidate for 

fertilization if it is: 

• Douglas-fir or spruce leading; 

• Site index >= 15; and 

• Within the timber harvesting landbase 

Figure 4.2 shows the areas that meet these criteria. 
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Douglas-fir

Spruce

 

Figure 4.2 Potential Fertilization Areas 

 

Not all of these stands are currently suitable for fertilization based on their age.  Table 4.2 show 

the area by age class for fir and spruce-leading stands. 

Table 4.2 Area of Fertilization-Eligible Stands in the THLB 

 Area (Hectares) 

Age Class Spruce-Leading Douglas-fir-Leading Total 

<=10 167 116 283 

11 - 20 1,958 183 2,142 

21 - 30 764 392 1,156 

31 - 40 381 75 456 

41 - 50 69 42 110 

51 - 60 84 192 277 

61 - 70 124 114 237 

71 - 80 310 284 594 

81 - 90 93 174 267 

91 - 100 102 156 257 

> 100 882 333 1,215 

Total 4,934 2,061 6,995 
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Fertilization is assumed to be carried out at 40, 50 and 60 years of age.  The growth response 

realised from fertilization was modelled in TIPSY for each analysis unit.  

 

4.5 Carbon Gain from Forest Activities 

4.5.1 Growth 

The carbon gains associated with forest growth are accounted for by including a carbon biomass 

curve for each AU.   

 

4.5.2 Fertilization 

Stand growth response to fertilization was modelled using TIPSY.  The same regeneration 

assumptions that were used to construct managed stand yield tables for the timber supply analysis 

base case used.  New curves were generated for each AU that is fertilization-eligible.  

Fertilization was assumed to occur at 40, 50 and 60 years of age. 

The response to fertilization was measured as the difference in volume between the fertilization 

curve and the original manage stand yield curve at 70 years of age.  The volume gains are 

summarized by AU in Table 4.3. 

Table 4.3 Fertilization Volume Gain by AU 

Analysis 

Unit 

Volume Gain from 

Fertilization (m3/ha) 

101 20 

102 20 

120 29 

121 36 

504 3 

505 52 

506 52 

201 20 

202 20 

220 29 

221 36 

604 3 

605 52 

606 52 

 

These gains were applied from stand age 70 onwards.  One-third and two-thirds of this gain were 

applied at stand ages 50 and 60 respectively.  The resulting volume curves were used to 

proportionally adjust the biomass carbon curves for each affected AU. 

4.6 Objectives, Targets and Weightings 

Patchworks will calculate and evaluate the cost and value for each activity in order to work 

towards an optimal (lowest cost) solution.  The actual costs that Patchworks evaluates are user 

defined and are shown in this section.  In order for Patchworks to optimize a scenario, the user 

must define two things for each landbase objective: 
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1. What are the required targets; and 

2. What the relative importance of each of these targets are (the weightings). 

 

4.6.1 Required Targets- Controlled vs. Observed 

Objectives are the values on the landbase that are seen as important.  They can either be 

controlled (considered during optimized) or just observed.  Controlled objectives have targets that 

are enforced on the landbase such as the harvest level and visual requirements.  Observed 

objectives are landbase values that are of interest but are not part of decision making such as the 

volume of incidental biofuel in the basecase.  The value of targets that are controlled will be 

shown for each scenario that is modelled. 

 

4.6.2 Example Targets in Patchworks 

These two examples show how targets are displayed in Patchworks.  The first example in Figure 

4.3 shows a harvest target.  Each column represents a 5 year period, so the total planning horizon 

shown is 200 years.  The red shading shows the minimum target level and the red box with the 

tick  indicates that this target is turned on.  Purple shading shows the maximum target level 

and the purple box that is ticked   indicates that this target is also turned on.  In this example, a 

minimum target was used.  The black line shows the harvest level that is being achieved on the 

landbase.  This harvest level can be changed on the fly using this viewer.  The scale sign  on 

this viewer also allows the user to change the weighting (relative importance) of this target on the 

fly.   

 

Figure 4.3 Patchworks Harvest Target Example 

4.6.3 Penalties and Weightings 

When Patchworks considers alternative harvesting schedules to find the most optimal solution, it 

needs to know the relative cost of breaking a target.  The relative cost of each target is controlled 

by altering the relative weightings of each target.  A target that is not controlled has a weighting 

of 0.  The weightings applied to each scenario will be described in the applicable scenario section.   
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5.0 SCENARIO RESULTS 

The analysis component of this project was carried out in Patchworks.  The CBM input data is all 

created from the inventory data and yield curves used in that analysis. Initially, three scenarios 

are presented: 

1. A “Status Quo” scenario, that shows the carbon storage outcome of the recent timber 

supply analysis base case; 

2. A “No Harvest” scenario to form a baseline for comparison; 

3. A “Carbon Management” scenario which adjusts harvest level slightly in order to 

improve landbase carbon sequestration.  

 

Status Quo Scenario 

This scenario essentially maximizes the timber productivity of the landbase by using the harvest 

level that was established by the recently completed timber supply analysis.  Carbon curves have 

been added to this scenario and landscape carbon levels have been tracked.  

 

No Harvest Scenario 

In this scenario no harvesting is permitted, only natural disturbances on the non-contributing 

landbase.  The reality would be that if the THLB was left unharvested there would be 

considerable fire losses in time, but it will not be captured in this analysis.  This will provide a 

benchmark to see how carbon stocks would vary naturally in the absence of harvesting.  The 

comparison is useful in the short term – less so in the long term due to the absence of natural 

disturbances on the THLB. 

 

Carbon Management Scenario 

The intent of this scenario is to gauge the trade-off between harvesting for timber volume versus 

retaining stands for carbon storage. 

 

5.1.1 Ecosystem Carbon 

Ecosystem carbon can be stored – and can pass through – many different pools.  For this analysis, 

biomass carbon, and carbon stored as dead organic matter (DOM) have been considered.  The 

sum of these two pools is referred to as ‘ecosystem’ carbon.  Figure 5.4 shows the variations in 

biomass, DOM and ecosystem carbon throughout the planning horizon. 
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Figure 5.1 Ecosystem, Biomass and DOM Carbon – Status Quo 

Figure 5.2 shows the total ecosystem carbon on TFL 56 for the three scenarios listed above.  It 

needs to be interpreted in light of the different harvest levels for each of the scenarios, which are 

presented in Figure 5.3.  
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Figure 5.2 Total Ecosystem Carbon By Scenario 
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Figure 5.3 Harvest Level By Scenario 

These graphs demonstrate that the current harvesting regime is in fact quite favorable for carbon 

sequestration.  Reducing the harvest level to zero actually results in less carbon being sequestered 

on the landscape over the entire planning horizon. 

As an alternative to the No Harvest scenario, the harvest level was adjusted slightly in 

Patchworks by adjusting the weight applied to the harvest level goal in the objective function.  A 

target landscape carbon was added to the objective function at a level approximately 10% above 

the long term carbon sequestration level exhibited in the Status Quo scenario.  When this target 

was initially enforced, harvest levels increased significantly in the short-term and long-term, and 

fell to zero through much of the planning horizon.  The weight on the carbon target was relaxed 

until the carbon level and harvest levels shown in the preceding two figures. 

In percentage terms, a moderate decrease in harvest level resulted in only a small increment in 

sequestered carbon.  The harvest is between 8 and 13 percent lower for much of the planning 

horizon, and this leads to a slow increase in carbon to 3 percent above Status Quo levels at 200 

years.  In real terms, this leads to an additional 624,000 tonnes of carbon being sequestered across 

the TFL 56 landbase by the middle of the planning horizon (year 100) and 875,000 additional 

tonnes by the end of the planning horizon.  The peak in carbon stocks occurs at approximately 

185 years. 

 

Fertilization Scenario 

The foregoing scenarios attempt to show the variations in carbon sequestration that are driven by 

harvest level.  Fertilization provides an opportunity to accrue additional carbon stocks without 
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altering the base case harvest level.  Figure 5.4 shows how much additional carbon can be 

sequestered by aggressively fertilizing spruce and fir stands on the THLB. 
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Figure 5.4 Total Ecosystem Carbon – Status Quo Versus Fertilization 

The gains are smaller than those seen in the Carbon Management scenario.  It should be 

remembered, however, that only a small portion (about 7000 hectares) of the landbase was 

available for treatment.  For modelling purposes, it was assumed that every hectare would be 

treated 40, 50, and 60 years.  Stands were retained until at least age 70, or the minimum harvest 

age for the AU based on volume per hectare, average diameter, and mean annual increment.   

Beyond that, no effort was made to retain fertilized stands on the landbase for their carbon value.  

The forest estate model was permitted to schedule these stands for harvest according the rules, 

targets and constraints that were applied for the timber supply analysis base case. 
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6.0 DISCUSSION 

This analysis has provided a strategic look at potential carbon opportunities on TFL 56.  

Currently, RCFC generates revenue from the TFL primarily through the sale of sawlogs and 

pulpwood.  Carbon credits represent another, non-timber revenue stream that could provided a 

business opportunity.  This marketplace for credits is crowded, complex and rapidly evolving.  A 

recent survey by the David Suzuki Foundation and the Pembina Institute identified twenty 

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

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

within Canada. 

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

and most offsets are sold into various voluntary markets. Several Provinces and States are 

discussing, or have draft, cap and trade legislation written, and a comprehensive bill containing 

cap and trade measures and aggressive emissions reductions targets is under discussion in the 

USA.  As a result, a free-for-all has developed in that a variety of businesses offer a variety of 

North American-based offsets, utilizing a variety of forest offset protocols, with a variety of 

sustainability add-ons, all generally tailored to the voluntary market.   

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

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

BC Pacific Carbon Trust must follow the BC Forest Offset Protocol; however BC forest-based 

carbon credits can be grown and sold under different protocol (ex. 2009 Voluntary Carbon 

Standard Improved Forest Management - Logged to Protected Forest (IFM-LtPF) on Fee Simple 

Forested Properties in Canada). 

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

change over time, and for the intended market, there are a number of commonalities expected 

under any marketing scenario. Carbon offsets should be: 

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

to any legal requirement; 

Permanent – The proposed method of sequestration should be able to store carbon indefinitely 

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

through insurance, reserve pools, and/or buffers; 

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

verification of offsets should the marketing scenario require it; and 

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

custody is necessary. 

 

6.1 Forest Management Opportunities 

The most immediate opportunity for RCFC to become involved the carbon credit market will be 

through sales to Pacific Carbon Trust.  Though they are not yet soliciting credits from forestry 

projects, that may happen as early as this calendar year.  If the BC Forest Offset Protocol is 

approved, the projects that fall within the guidelines will be afforestation, use of select seed, and 

fertilization. 
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6.1.1 Afforestation 

Opportunities for afforestation on TFL 56 are limited.  The Protocol requires that project areas be 

productive land that has not been forested since December 31, 1989.  The Information Package 

for MP4 states that there ‘… are no areas classified as “backlog NSR”’.  It does, however, 

identify areas with low conifer stocking – approximately 1018 hectares in total, of which 636 

hectares falls within the THLB.  While this area might represent a future opportunity for 

generating carbon credits, it does not fall within the project areas currently listed in the protocol. 

 

6.1.2 Use of Select Seed 

The use of genetically improved planting stock is currently common practice on the TFL – for 

spruce and Douglas-fir.  However, improved seed for Douglas-fir has become available only 

recently, and supply has not been sufficient to fulfil the complete sowing request.  The shortfall 

has been made up with natural seed.  Improved seed has been used in the past for larch and 

Lodgepole pine, but these species are only a small component of the reforestation program. 

The only widely planted species that relies entirely on natural seed is western redcedar.  

Unfortunately, tree improvement efforts for this species in B.C. appear to be limited to the Coast 

and focussed on browse resistance rather than on volume gains.  To date, cedar has been a low 

priority for Interior tree improvement programs. 

 

6.1.3 Fertilization 

Forest fertilization represents the best near-term opportunity for generating carbon credits on TFL 

56.  Fertilization has not previously been carried out on the TFL, so any increases in forest 

productivity and related carbon sequestration would clearly be incremental to the baseline 

scenario.  This analysis has analyzed the impact of fertilizing spruce and Douglas-fir leading 

stands within the THLB.  The premise was that by limiting treatments to THLB stands, both 

timber and carbon benefits could be realized from the program. 

Although the graph shows an apparently small difference in relative term between the Status Quo 

scenario and the Fertilization scenario, significant amounts of carbon are sequestered.  Over 

121,000 tonnes is accrued at year 100, and 148,000 tonnes at the end of the 200-year planning 

horizon.  If stand-level benefits of fertilizing other species could be demonstrated, significant 

additional carbon could be sequestered, since the larger portion of the THLB is comprised of 

species other spruce and Douglas-fir. 

Another way to maximize the carbon benefits of fertilization would be to delay the harvest of 

fertilized stands.  The additional harvesting restriction applied in the forest estate model was that 

stands could not be harvested prior to 70 years of age (ten years after the last fertilizer treatment).   

If stands were retained for a longer period following treatment, more carbon credits could be 

realized.   

Under the draft BC Forest Offsets Protocol, credits for carbon can be claimed for the portion of 

the 100-year period that the incrementally sequestered carbon is retained on the landscape.  For 

afforestation or the use of improved seed, this will likely be at least on rotation and therefore a 

significant portion of the 100-year period.  However, for fertilization, the incremental volume 

might be retained for as little as five to ten years before it is removed through harvest. This would 

in all likelihood have a downward impact on the sustainable harvest level, unless the treated 

stands were outside of the THLB.  If fertilized stands are not harvested, additional carbon credits 

would accrue for the entire 100-year period. 



Carbon Budget Modeling on TFL 56 

25 

6.2 Forest Products 

While forest products are not an opportunity in and of themselves under the Protocol, they have 

the potential to significantly affect the business case for any of the opportunities listed above.  

Over the long-term, the volume of carbon stored in forest products will dwarf any incremental 

gains that can be made in ecosystem carbon through altered forest management practices.  Figure 

6.1 shows that volume of carbon that would be sequestered in forest products at an annual harvest 

level on 88,000 cubic metres.   
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Figure 6.1 Potential Forest Products Carbon Sequestration 

 

The assumptions and factor regarding product lifespan discussed in Section 3.2 have been used to 

generate this forecast.  It is evident that if carbon stored in wood products is considered, then the 

management strategy for carbon is significantly altered.  For the time being however, these 

credits are not available to forest tenure holders.  Any justification for a carbon sequestration 

program will have to be based entirely on the ecology and economics of sequestering carbon on 

the landscape. 

 

6.3 Preparing a Carbon Business Plan 

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

forestry protocols, there are several general steps required for any project.  In light of the 

discussion above, the most likely project opportunity for RCFC would be the fertilization of 

existing stands. 

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

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

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

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

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

will be achieved, identifies information sharing if/where appropriate, and identifies the 

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

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

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

variability of the prospective location. 

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

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

solidify costs. 

4. Preparation of a project report: The format and content differs, but most protocols require 

the production of a project report. The report usually includes a summary of the site, the 

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

plots and description of protocols. 

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

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

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

commitments within the Project Plan. 

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

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

usually attached to the project and provides the purchaser with an independent 

assessment of the carbon credit. 

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

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

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

By investigating each of these areas, RCFC will be in a position to respond in a timely fashion 

when Pacific Carbon Trust begins purchasing credits under the BC Forest Offset Protocol.  This 

information will also be central to assessing the financial viability of any proposed project, and 

possibly engaging with funding agencies that could contribute to program and/or project costs. 

 


