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1.0 Abstract 
The Golden Timber Supply Area (TSA) is situated in the southeast of British Columbia.  
The TSA has a gross area of approximately 1.1 million hectares, of which 433,000 
hectares are productive forests.  The carbon stocks of the current forests and the 
projected trends for the next 250 years were modeled using the Canadian Forest 
Services’ (CFS) CBM-CFS33 carbon budget model.   The simulations adopted the forest 
inventory and the forest management practices as defined in the recently completed 
Golden TSA Timber Supply Review #4. 
 
Based on the TSR #4 base case (current) forest management assumptions, the carbon 
stocks in the Golden TSA are estimated increase from 173.0 million tons today to 178.4 
million tons 250 years hence.  The carbon stocks of the old growth stands are estimated 
to decline from 54.7 million tons today to 50.4 million tons in 250 years hence.   
 
This infers that the carbon stocks in the TSA forests will act as a carbon “sink” for the 
foreseeable future.  The carbon stocks in the old growth forests will act as a carbon 
“source” for the foreseeable future.  Including the harvested forest products in the carbon 
stocks strengthens the carbon “sink”.   
 
Suggestions are provided to improve this analysis, and possible forest management 
practices that could increase the rate of carbon sequestration in the forests of the 
Golden TSA.  These practices can be used to further strengthen the trend of a “carbon 
source”.  Examples of possible, future projects are provided for strategies related to:  
 
Examples of possible, future, projects are provided under forest carbon strategy 
categories of:  

• storing carbon in the forest,  
• sequestration of carbon in harvested forest products, and  
• obtaining carbon offsets or avoiding carbon emissions. 
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2.0 Introduction 
The licensees of the Golden TSA are SFI certified under the Sustainable Forestry 
Initiative (SFI) standards.  The SFI 2005-2009 Standard (2008) promotes sustainable 
forest management through nine principles, 13 objectives, 34 performance measures 
and 102 indicators developed by professional foresters, conservationists, scientists and 
others. The standard addresses key environmental, social and economic forest values – 
from water quality and biodiversity to harvesting and regeneration.  One sustainable 
forestry indicator is carbon storage (under Objective 1, Indicator: 1, g).   
 
The general intent of this project is to improve knowledge of the status of the carbon 
pools within the Golden TSA.  This will support local forest managers in their goals to 
maintain their certification. 
 
Concerns about climate change are increasing as scientists around the world have 
demonstrated it is indeed happening and that it is caused by human activity that results 
in substantial emissions of greenhouse gases like carbon dioxide into the atmosphere.  
Carbon accounting is an indicator that relates to the global carbon cycle - the exchange 
of carbon dioxide between the atmosphere and the biosphere.  Taking into account 
natural processes and human activities, and the accounting rules of carbon tracking, a 
forest may be a carbon sink or carbon source, and that may change in the future. 
 
Forests store large amounts of carbon in the trees and soil. They accumulate more over 
time as they remove carbon dioxide, the major greenhouse gas, from the air and store 
the carbon in living trees and other plants. At the same time, some of this carbon is 
emitted slowly back into the air from decaying trees. In addition, forest fires cause rapid 
emissions of carbon dioxide and the more potent greenhouse gases methane and 
nitrous oxide. A forest is considered a source when, overall, it emits more carbon dioxide 
and other greenhouse gases than it removes from the air in a given time period. It is 
considered a sink when it removes more than it emits. These emissions and removals 
are not determined only by natural processes—forest management activities such as 
harvesting, tree planting, and efforts to fight fires and insects also have an impact  
(Canadian Forest Service, 2007). 
 
 

2.1 Objectives 
This project has three specific objectives: 

1) To determine initial estimates (or baseline information) of the carbon pools of 
the forested landbase within the Golden TSA.  
2) To predict and model future forest carbon inventories within the Golden TSA 
using the CFS’s carbon model with considerations to the impact of harvesting 
and natural disturbances on the forested landbase based on the Golden TSR 4 
base case (current management) scenario’s information and management 
assumptions.  
3) To determine what contribution old growth forests have within the Golden TSA 
in terms of carbon - are they a sink or a source? 
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3.0 Methodology 
3.1 Study Area 

The Golden timber supply area (TSA) is situated in the southeastern interior of the 
province and covers approximately 1.1 million hectares. The timber supply area 
boundaries join the Alberta border to the east, the Invermere TSA and Tree Farm 14 to 
the south, and the Revelstoke TSA to the west.  A timber supply review (TSR 4) is 
nearing completion at the end of December, 2008.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Golden TSA Timber Supply Review #3 
Figure 1 Overview Map of Golden TSA 
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3.2 Model 
The Carbon Budget Model of the Canadian Forest Sector (CBM-CFS3), Version 1.0 was 
used to model the carbon pools within the forested landbase of the Golden TSA.  This 
model has been developed to meet the operational-scale forest carbon accounting 
needs of forest managers and analysts across Canada. The CBM-CFS3 is a stand- and 
landscape-level modeling framework that can be used to simulate the dynamics of all 
forest carbon stocks required under the United Nations Framework Convention on 
Climate Change and the Kyoto Protocol. It is compliant with the carbon estimation 
methods outlined in the guidelines of the Intergovernmental Panel on Climate Change 
(IPCC).  
 
The model uses much of the same information that is required for forest management 
planning activities (e.g., forest inventory, growth and yield curves, natural and human-
induced disturbance information, forest management schedule and land-use change 
information), supplemented with information from national ecological parameter 
databases.  Users may apply their own stand- and landscape level forest management 
information to calculate carbon stocks and stock changes for the past (monitoring) or 
into the future (projection). Users can also create, simulate and compare various forests 
management scenarios in order to assess impacts on carbon.  
 
The carbon model contains a set of default ecological parameters appropriate for 
Canada.  These were compiled through an extensive review of research projects.  This 
relieves the user from the onerous task of finding or developing appropriate calibration 
data.  For full details on the model and how it works, see Kull et al. (2007).  
 
Tools supplied with the model assist users with importing required data from user 
developed databases, such as the data from a timber supply review (TSR) project.   The 
analysis phase of the Golden TSR #4 was recently completed in early January, 2009.  
That analysis provided the inputs for the carbon stocks analysis for the Golden TSA (GIS 
databases, yield curves, and management and disturbance assumptions.)   
 
The CFS model was used to forecast the carbon pools on the Crown Forested Land 
Base (CFLB), for both the current Timber Harvesting Land Base (THLB) and the current 
Non-Harvestable Land Base (NHLB).  As well, carbon pool estimates for the “old growth” 
forests are also reported.  All analysis results are based on the current land base, and 
current management practices, as defined during the timber supply review process. 
 

3.3 Current management practices (base case) 
Very detailed statistics describing the forests of the Golden TSA, as well as the 
assumptions used in the TSR #4 process is available in the Golden TSA Timber Supply 
Review #4 Data Package Report (Forsite, 2008) and the Golden TSA Timber Supply 
Review #4 Analysis Report (Forsite, 2009).  The reader is referred to those documents 
for those details.  The key assumptions and how they were used in the Carbon Model 
are presented below. 
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3.4 Forest Landbase 
The gross area of the Golden TSA is 1.18 million hectares.  Of this, 752,000 hectares 
are classified as non-productive stands such as “alpine forest”, or non-forested lands 
such as rock, ice, or water.  These were not included in this analysis.  The remainder is 
the forested landbase of 432,677 ha which was modeled. This productive forested 
landbase is divided into the timber harvest landbase portion (THLB, 141,530 ha) and the 
non-harvest land base (NHLB, 291,147 ha) as per the definitions found in the Data 
Package Report (Forsite, 2008).    
 

3.5 Modeling horizon 
Model runs were completed for a period of 250 years, using a one year time step.  The 
same (or longer) period was modeled during TSR using 10-year time steps. 

3.6 Analysis Units and Yield Curves 

3.6.1 TSR yield curves 
During the Golden TSR, forest stands were grouped into analysis units based on leading 
species (e.g. fir-or-larch leading, spruce-leading, etc), growing potential (e.g. best sites, 
moderate sites, poorest sites) and silviculture / regeneration treatment (e.g. naturally 
regenerated versus planted).  A separate, net-merchantable volume yield curve was 
produced for each TSR analysis unit. 

3.6.2 Carbon model yield curves 
The carbon model uses net-merchantable yield curves (for BC only) as an input to 
develop its estimates of carbon pools.  The definitions of the TSR analysis units, as well 
as their yield curves were used as the basis of the carbon model yield curves.   
 
Three parameters were changed to adapt the TSR yield curves to better fit the carbon 
model: 

(a) both softwood and hardwood volumes were included; 
(b) WTP yield curve reductions were translated into NHLB landbase (from 
THLB); and 
(c) roads, trails and landings yield curve reductions in TSR were translated to 
landbase changes in the carbon model. 

 
Including softwood and hardwood volumes 
 
We are interested in the total carbon stocks (not just net merchantable volumes).  
Therefore, the TSR net merchantable yield tables were recompiled to include the 
all hardwood and softwood species and their associated volumes.  Then, since 
the carbon model’s dead organic matter (DOM) turnover rates are different for 
hardwoods and softwoods, the single TSR yield curve for each AU was split into 
two curves: a softwood yield curve and a hardwood yield curve.   
 
Each of the carbon model yield curves included the species volumes that were 
“netted-out” of the TSR yields.  In the case of the softwood (coniferous) curves 
this meant including all the previously excluded Pa (albicaulis pine) volume.  This 
was such a small change that no visible differences were evident between the 
TSR and the carbon model softwood curves.  
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The carbon model hardwood curves included all the At, Ac and Ep (aspen, 
cottonwood and birch) that were “netted out” of the TSR curves.  In most cases 
only small hardwood (deciduous) volumes were found for that AU, as in the 
example in Figure 2.  The notable exception were the two “deciduous leading” 
TSR analysis units (AU numbers 508 and 802).  For example, AU 802, the 
NHLB, deciduous-leading stands, has the majority of its stand volume in 
deciduous species (Figure 3). 
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Figure 2 Analysis Unit 101 coniferous and deciduous component yield curves 
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Figure 3 Analysis Unit 802 coniferous and deciduous component yield curves 
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future WTP yield curve reductions
 
Future wildlife tree retention areas (or wildlife tree patches, WTP) were applied 
as yield curve reductions in TSR.  The equivalent WTP area (653 ha) was moved 
from the THLB into the NHLB on a proportionate basis (factoring the NHLB up, 
and THLB down by a set percentage).  The total, future, net forested landbase 
remained the same as in TSR. 
 
future roads, trails and landings (RTL)
 
Reductions for future roads, trails and landings (RTL, estimated in TSR4 as 
2,516 ha) were applied in TSR4 as a yield curve reduction of 1.778 %.  To 
enable the carbon model to track the future RTL landbase, 1.778 % of the area 
harvested by the carbon model, in the first harvest only, reverted to a non-forest 
landbase designation (called “NFOR” in the model) and was assigned a zero-
volume yield curve.  This created three landbase designations in the carbon 
model: NHLB, THLB, and NFOR (i.e. non-forested RTL).  Over time, during a 
carbon model simulation, the THLB will decrease and the NFOR area increase 
by this 1.778% of the harvest area. 

3.7 Timber harvesting  
In TSR, the harvest schedule is predicted by the forest estate model based on factors 
such as  

(a) minimum harvest age to reach minimum merchantability criteria (e.g. tree 
size, and minimum stand volume per hectare), and  
 
(b) harvest rate and location which did not exceed a non-timber management 
objective/constraint (e.g. maintain winter range thermal cover by retaining a 
minimum portion of the area above a certain forest age). 

 
The harvest schedule predicted by the TSR model was used to direct the harvesting in 
the carbon model.  The TSR schedule was summarized into the area of each Analysis 
Unit (e.g. fir-leading, good site) by decade of harvest.  The area of each [AU x harvest 
decade] combination was introduced into the carbon model as “Disturbance Events” (the 
model considers any perturbation of a stand as a disturbance.  Disturbances include 
timber harvest, spacing, fertilization, wildfire, insect disturbance, natural succession, 
deforestation, etc). 

3.8 Natural disturbances 
Forest inventory information typically does not include information about the 
amount of carbon stored in DOM pools. The CFS carbon model uses a well-
established simulation approach to initialize the DOM pools of each record in the 
inventory.  The model simulates each stand record through a number of natural 
disturbance cycles (grow, burn, grow, burn, etc.) until the slow DOM carbon pool 
at the end of two successive rotations meets a user-defined criterion (default 
tolerance is 0.1%).  The model assumes that the historical natural disturbance 
regime is stand-replacing fire and grows stands for X years between fires, where 
X is the mean fire return interval for the region.   
(Ref: Kull et al. 2007, paraphrased). 
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The carbon model’s DOM turnover parameters are linked to the “ecosystem”, which in 
this case is “British Columbia / Montane Cordillera”.  The fire return interval for this 
ecosystem can be set by the user.  That value influences the initialization of the DOM 
pools at the beginning of each simulation, as per the above.  
  
The fire return intervals applicable to the Golden TSA vary from 150 to 350 years (Table 
1).   These are determined by a combination of the natural disturbance type (NDT) and 
biogeoclimatic subzone (BEC).    
 
Due to a software issue, only one set of ecosystem parameters are handled at one time 
in the carbon model, so the area of interest had to be divided into four separate models 
(150, 200, 250 and 350 years).  Each was then simulated separately and the results 
combined for reporting purposes. 
 
Two “areas of interest” (AOI) were simulated in the carbon model  

(a) the forested stands in the Golden TSA and  
(b) the old-growth stands in the Golden TSA.   

 
The latter was defined as those stands which were older than the “Age of Old Seral” 
(Table 1) at the beginning of the simulation.  During the simulation, if the stand is 
disturbed by wildfire (applicable to NHLB stands) or is harvested (applicable to THLB 
stands) then the age is reset to zero and the stand is not truly “old” after that 
disturbance. 
 
In the TSR model, natural disturbances are applied to the non-harvest land base (NHLB) 
only.  Disturbances in the THLB are handled as non-recoverable losses (NRL) and these 
are disturbed in the model by “salvage-logging” them.  When modeling, the harvest rate 
is bumped up to accommodate the (salvaged) non-recoverable losses, and after 
modeling, the NRL volumes are subtracted from the total harvest volume prior to entry 
into the volume reports.  We essentially adopted the same NRL assumptions and 
methodology in the carbon simulations, since we used a harvest schedule generated 
from the TSR forest estate model to drive the harvesting in the carbon model. 
 
In TSR, natural disturbances are applied to the NHLB as stand replacing wildfires.  The 
rate (area) of fires in the NHLB is based on an “effective rotation age” formula that is 
related to both the fire return interval and the target old seral in each LU/BEC.  The 
target is related to the biodiversity emphasis option (BEO) of that landscape unit x BEC 
combination. 
 
In the carbon model we applied wildfires to the NHLB as per the Biodiversity 
Guidebook’s suggested fire return intervals (Table 1).  The amount of fire applied per 
year is equal to [1/FRI x area of interest (ha)].  This equated to 1405 hectares of wildfire, 
per year, when modeling the whole of the Golden TSA.  Note that this number is divided 
into four portions, one for each of the four simulations required to model the whole AOI. 
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Table 1 Fire return intervals for biogeoclimatic subzones in the Golden TSA 
 

NDT NDT BEC FRI Age of Old Seral 
1 1_ESSF 350 250 
1 1_ICH 250 250 
2 2_ESSF 200 250 
2 2_ICH 200 250 
3 3_ESSF 150 140 
3 3_ICH 150 140 
3 3_MS 150 140 
4 4_IDF 200 250 
5 5_ESSF 350 n/a 
5 5_IMA 350 n/a 

 
Source: Biodiversity Guidebook (MoF, 1995). 
NDT = natural disturbance type; BEC = biogeoclimatic subzone; FRI = fire return interval 
 

4.0 Results 
 
Three sections of results are presented below.  The first is a general section explaining 
some of the dynamics that occur in carbon stocks after disturbances using some 
examples that were derived using the model.  That section is followed by one section for 
each area of interest (AOI).  The first AOI section covers the forested stands in the 
Golden TSA.  The second covers the old-growth stands within the Golden TSA.   
 
The carbon models (computer files) that were used to perform the AOI simulations are 
provided as a deliverable.  Again, there are eight carbon models: four FRI models (one 
for each of the four fire return intervals: 150, 200, 250 and 350 years), for each of the 
two AOI (Golden TSA, and Golden TSA old-growth stands).  
 

4.1 General trends in carbon stocks in one stand 
This section provides some examples of a few primary drivers of carbon stocks, in 
general sense.   
 
The common trend in carbon stocks (total, biomass and DOM) for a disturbed stand is 
shown in Figure 4 and Figure 5.  The former example is for a stand with an initial age of 
200 years, the latter with an initial age of 20 years.  Both are disturbed 10 years into the 
simulation, i.e. at age=210 and age=30, respectively.  In these examples they are 
disturbed by wildfire, although the trends are very similar to those for harvesting.   
 
The carbon “yield curve” (without disturbance) is similar to a volume yield curve in TSR – 
starting low and increasing as the stand ages.  The carbon model separates the C yield 
curves into four phases and matching formulas which are described in detail in Kurz et al 
(1999). 
 
After a disturbance the carbon is transferred between pools (Kurz et al, 1999).   Some 
may be removed as harvested forest products, or volatized during a wildfire.  The 
biomass carbon pool (living component) of the stand drops substantially, and a portion of 
what used to be biomass (such as branches, or the bole of trees) is transferred to dead 
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organic matter (DOM).  Hence, the level of DOM increases temporarily following the 
disturbance.  For some period of time after the disturbance the DOM decreases as more 
breaks down than accumulates.  Eventually both the carbon levels in the biomass and 
DOM pools start to increase.  Given long enough, the carbon levels rise to those found 
in an old(er) stand.   
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Figure 4 Trends in carbon stocks for a stand disturbed at age = 210 
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Figure 5 Trends in carbon stocks for a stand disturbed at age = 30 
 
Total carbon stocks for both stands are combined in Figure 6.  An important point is that 
the carbon stocks in the stand disturbed at 210 year old are generally higher than the 
carbon stocks in the same type of stand disturbed at 30 years old.  The recovery curve 
for biomass is the same in both stands.  However, the DOM component is different, so 
the level of total carbon (DOM plus biomass) is higher, post disturbance, for the stand 
that was disturbed at the greater age.  As seen in the figure, over time the carbon stocks 
in the two stands converge to equivalent values.   
 
This becomes a challenge when one tries to match, for example, an analysis unit’s yield 
curve volume to the same analysis unit’s carbon curves.  The AU yield curve will 
correlate well with the carbon biomass curve as they are similar shapes, but the DOM 
carbon curve is dependent on the age of the stand (DOM of the stand) pre-disturbance.  
Some method of accommodating this factor is required.  A simple, perhaps onerous 
method might be to use a separate carbon curve for each AU that is based on its “age of 
harvest”.  One AU could have, perhaps, 25 carbon yield curves (one for each age of 
harvest).  In short, it is not simply a matter of using simple multipliers to predict carbon 
stocks from the standing merchantable volumes (i.e. the AU yield curves).  However, this 
has been done in some projects as a simple, pragmatic approximation. 
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Figure 6 Trends in total carbon stocks for a stand disturbed at age=210 vs. age=30 
 
 
The trend in carbon stocks for a stand that is disturbed multiple times is depicted in 
Figure 7.  The carbon stocks are, on average, lower for a stand undergoing more 
frequent disturbances.  The concept of many or more frequent disturbances is applicable 
to short rotation forestry.  Generally, short rotation forestry tends to hold a stand at a 
young age for a greater the proportion of a stand’s lifespan, which is within the lower 
portion of the carbon curve, and results in a lower, long-term average value for carbon 
stocks (Cannell, 1999). 
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.    
 
Therefore, while short rotation forestry is often stated to keep stands in the high net 
carbon sequestration phase (when the carbon curve is steepest) the level of carbon 
sequestered in these stands is, on average, lower than in an undisturbed state, or when 
the stands is maintained under a longer rotation.   
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Figure 7 Trends in carbon stocks for a stand disturbed multiple times 
 
A very simplified summary of the dynamics of carbon stocks (curves) is: 

• Carbon stocks generally follow the same trends as TSR-type yield curves – lower 
values in young stands, higher values in older stands. 

• Carbon stocks in the post-disturbance stand are influenced by the age-of-the 
stand-when-disturbed, which is especially important for the DOM component of 
the carbon stocks. 

• The more frequent the disturbance rate (either wildfires or harvesting) the lower 
the average level of carbon stocks that are carried in the forest over the long 
term. 

 
While these dynamics are generally true, and are mentioned repeatedly in the literature, 
they are influenced, and even reversed by other factors.  For example: 

• If the post-disturbance stand is faster growing than the pre-disturbance stand, 
such as in the case of planting with genetically improved seedlings, then the 
trend towards lower average carbon stocks under short-rotation forestry may be 
ameliorated, or in some cases, reversed.   

• Areas with naturally high disturbance rates that are managed with very efficient 
fire suppression may trend to increasing carbon storage (Kurz, et. Al. 1996). 

 13



• The non-managed (NHLB) portion of the forest may contain the predominant 
portion of the carbon pools, and if the NHLB age class structure is getting older 
then carbon stocks may increase, or they may decrease if insect of fire 
disturbances increase compared to the historic averages (Kurz et al, 1999). 

 
It is the complexity of these dynamics that requires the use of models. The following two 
sections summarize the C stock trends for the Golden TSA as a whole, and for the old-
growth stands as a special case, as modeled using the CFS carbon budget model. 
 

4.2 Forested stands within the Golden TSA 
This section pertains to all the forested stands within the Golden TSA, as defined by the 
base case, current management scenario in the recently completed TSR 4 timber supply 
analysis.  That base case scenario defined both the landbase (what’s in, what’s out) and 
the forest management assumptions (how much is logged, what types of regeneration 
are used, etc.)   

4.2.1 Total carbon stocks – THLB and NHLB 
The total carbon stocks in the Golden TSA increase from 173.0 million tons today to 
178.4 million tons 250 years hence (Figure 8), or they increase to 178.0 million tons if all 
carbon stocks in the future roads, trails and landings (RTL, 0.4 million tons) are assumed 
to be immediately volatized at the time of harvest.  These carbon stocks are composed 
of many carbon pools.   
 
The two major carbon pools, which are used in the charts which follow, are the biomass 
pool (living component, either above or below ground) and the dead organic matter 
(DOM) pool (any dead pool, above or below ground).  The three major geographic strata 
are the non-timber harvest landbase (NHLB), the timber harvest landbase (THLB) and 
the RTL landbase (called NFOR in the carbon models themselves).  The RTL area is 
initially zero (0.0 ha) at the start of each simulation and then accumulates area as 
harvest occurs and roads are built.  Conversely, the THLB landbase decreases slightly 
as a portion of the forest converts to RTL area. 
 
The carbon stocks in RTLs were included in all the charts, if applicable, for purposes of 
completeness, although the values are usually so small that they aren’t visible.  The 
carbon stocks in RTLs are comprised totally of dead organic matter (DOM) as no 
biomass is assumed to occur within these non-forested sites.  If the DOM carbon is not 
assumed to be completely volatized at the time the RTL was created, such as by 
assuming all or some of the DOM has been buried and will volatize to atmospheric 
carbon at a slow rate, then those stocks could potentially be included in the forest’s 
carbon stocks.  However, they would be discounted, over time, at some (unknown) rate 
as they volatize back to CO2.   Regardless of whether they are “in” or “out”, they appear 
to comprise a relatively insignificant component of the total carbon stocks. 
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Note: For completeness, the carbon stocks in RTLs (created when a stand is first harvested) are included in the chart, but 
they are so small that they are not usually visible. 
Figure 8 Total carbon stocks in the Golden TSA forested landbase. 
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4.2.2 Carbon stocks in biomass – THLB and NHLB 
Biomass is living carbon whether above or below ground (i.e. trees, branches, roots, 
etc).  The total carbon stocks in biomass show a similar trend to total stocks.  Biomass 
carbon stocks increase from 54.6 million tons today to 58.0 million tons in 250 years 
hence (Figure 9).  No biomass carbon stock accumulates within the RTL category.  The 
increase in biomass carbon stocks in the NHLB (+7.3 million tons ) more than 
compensates for the decrease in biomass in the THLB (-3.7 million tons). 
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Figure 9 Total carbon stocks in biomass in the Golden TSA forested landbase 
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4.2.3 Carbon stocks in dead organic matter – THLB and NHLB 
The carbon stocks in dead organic matter (DOM) increase from 118.4 million tons today 
to 120.4 million tons in 250 years hence (or increase to 120.0 million tons if 0.4 million 
tons of DOM in RTLs is assumed to be volatized at the time of harvest).   
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Figure 10 Total carbon stocks in DOM in the Golden TSA forested landbase 
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4.2.4 Carbon stocks in biomass and DOM in the Golden TSA 
The carbon stocks in dead organic matter (DOM) comprise a very steady percentage 
(67% to 68%) of total C stocks as of today, and for the next 250 years (Figure 11).  
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Figure 11 Carbon stocks in DOM and biomass in the Golden TSA forested landbase 
 

4.2.5 Carbon stocks harvested in the Golden TSA 
 
The harvested carbon value in the carbon model includes more than just the TSR-type 
merchantable volume (the “log” portion of the stem).   Harvested carbon includes bole 
and bark, plus all the softwood and hardwood components, as well as snags.   The 
carbon model’s harvest varies from a minimum of 1.072 million tons per decade in 
decades 17 and 18 to a maximum of maximum of 1.193 million tons per decade in 
decade 7).   The TSR base case harvest that we tried to emulate is a fixed value of 
513,000 m3/yr for the whole 250-year planning horizon (Forsite, 2008).   
 
If everything translated from TSR into the carbon model perfectly, we would expect the 
carbon harvest to have a very similar shape as the TSR harvest, i.e. a relatively even-
flow harvest level.  Given the additional carbon “harvest” categories (e.g. hardwoods) 
there should be some variation around the even flow harvest, but the degree of variation 
we see suggests that we have not perfectly translated (or forced) the TSR model’s 
harvest into carbon model harvest.    
 
Instead, the TSR output has been translated to a simplistic representation in the carbon 
model to match the carbon model’s capabilities.  What we have done is to specify a 
harvest area, for each analysis unit, for each period paired with the carbon model’s 
"oldest first" harvest rule (i.e. area, AU, period, oldest first rule).  What we really want to 
do to match the TSR harvest profile is the capability to specify the carbon model’s 
harvest in terms of harvest area, AU harvested, AU age (or age class) harvested, and 
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period of harvest.  The carbon model user’s guide indicates that this may be an 
enhancement to future versions.  
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Figure 12 Carbon stocks harvested in the Golden TSA  
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This harvest is a small portion of the total carbon stocks at any one time (Figure 13).  
The Y scale has been exaggerated to make visible the relatively small portion of 
harvested forest products. 
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Figure 13 Total C stocks in the forest compared to harvested C stocks 
 
Under the original Kyoto protocols, the default rule for harvested carbon stock is to 
assume that they are immediately volatized to the atmosphere.  Carbon stocks in the 
above charts would, therefore remain as they are.  However, there is leeway given under 
newer rules such that, if a country can show that the sequestration period of harvested 
forest products is long enough such that the stocks are increasing, then one can include 
the harvested forest products stocks in with the other sequestered stocks.  In this latter 
case the harvested carbon could be added to the forest totals. 
 
The amount sequestered over time is heavily dependent on the relative proportions of 
forest products (lumber, pulp, paper, hog fuel, etc) and the retention period, or product 
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stream, of those products (e.g. a higher proportion of paper products ends up faster in 
landfills, and is volatized faster than lumber that ends up in houses for a longer period of 
time.  No attempt has been made here to estimate the accumulation of harvested carbon 
stocks.   
 
A very quick estimate was made of the retention of harvested forest products by 
combining a product profile  (McFarlane, undated) (Table 2) with the retention rates for 
product categories in Kurz et al (1999) (Figure 14).  The MoF data was proportioned into 
Kurz et al’s retention categories to arrive at the weighted retention rates (proportion of 
original harvest times retention value) versus time since harvest in Figure 15 (by 
retention category) and in Figure 16 (all categories combined). 
 

 
 

Figure 14 Harvested forest product retention rates (Kurz et al, 1999) 
 
 
Table 2 Estimated profile of log use in BC (MoF 2004 quoted in McFarlane, undated) 
 

Forest Product Category Percentage 
Lumber 76.5 
Log exports 6.0 
Veneer/OSB 10.0 
Chips 4.0 
Pulp, shakes other 3.5 
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Figure 15 Proportion of original harvest retained by harvest forest product category 
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Figure 16 Proportion of original harvest retained for all HFP categories combined 
 
The harvest forest product (HFP) retention values are then applied against the harvest, 
by decade, as per the values in Figure 12, to arrive at the retention of HFP over time in 
Figure 17.  The accumulation of HFP carbon begins in the first decade and tends toward 
an equilibrium value of approximately 7.16 million tons at the end of the planning 
horizon.  At that time the carbon inputs (harvest) is more or less balanced by the losses 
(the volatizing of the products back into the atmosphere). 
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Figure 17 Estimate of carbon retained (accumulated over time) in HFP 
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Figure 18 Total carbon stocks including accumulated harvest forest products 
 
Accumulated HFP stocks comprise 0 million tons as of today increasing to 7.2 million 
tons in 250 years hence.  Total carbon stocks increase from  an initial value of 173.0 
million tons to 185.6 million tons in 250 years hence if accumulated harvest forest 
products (HFP) are included in the total.  Adding the accumulation of harvested forest 
products to the other carbon stocks adds to the increase in carbon stocks that was seen 
in Figure 8. 
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4.3 Old Growth stands within the Golden TSA 
This section describes the carbon stocks for the old-growth stands in the Golden TSA.  
The area of interest is those stands that are older than the “Age of Old Seral” (Table 1) 
at the beginning of the simulation.  It is important to note that during the simulation, if the 
stand is disturbed by wildfire (applicable to NHLB stands) or it is harvested (THLB 
stands) then the stand age is reset to zero and the stand is no longer “old” immediately 
after that disturbance, although it may become old again some time after that. 
 

4.3.1 Total carbon stocks - THLB and NHLB 
Total carbon stocks in the old growth stands in the Golden TSA decline from 54.7 million 
tons today to 50.4 million tonsin 250 years hence (or decline to 50.3 million tons if the 
0.1 million tons of RTL carbon is totally volatized). 
 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

0 5 10 15 20 25
Decade

C
ar

bo
n 

(m
ill

io
n 

to
ns

)

THLB NHLB RTLs

 
 
Figure 19 Total carbon stocks in Golden TSA old growth stands 
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4.3.2 Carbon stocks in biomass - THLB and NHLB 
Within the old growth forests, the carbon stocks found in biomass declines from 22.0 
million tons today to 16.6 million tons in 250 years hence (Figure 20), which is a 
reduction of 5.4 million tons.  No biomass carbon stocks are found within the RTL 
category. 
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Figure 20 Total carbon stocks in biomass in the old growth stands 

4.3.3 Carbon stocks in dead organic matter - THLB and NHLB 
Within the old growth forests in the Golden TSA, the carbon stocks in dead organic 
matter (DOM) increases from 32.5 million tons today to 33.7 million tons (+1.2) in 250 
years hence (Figure 21) or declines to 33.6 million tons if the 0.1 million tons of DOM in 
the RTL category is completely volatized at the time of harvest.  The carbon stocks in 
DOM in the NHLB increases by 2.1 million tons, which more than compensates for the 
DOM decrease in the THLB of 1.1 million tons.  
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Figure 21 Total carbon stocks in DOM in Golden TSA old growth stands 

4.3.4 Carbon stocks in biomass and DOM in the old growth stands 
Carbon stocks in dead organic matter (DOM) comprise the majority (60% to 67%) of 
total C stocks during the next 250 years.  The proportion of DOM is lower in the old 
growth stands (60%) at the beginning of the planning horizon as these stands are high 
volume (i.e. living biomass), old stands, while the proportion at the end of the planning 
horizon (67%) is higher because they contain some young stands with low biomass and 
relatively high DOM.  Over time, much of the old growth within the THLB is converted to 
non-old growth, and the proportion of carbon in DOM within old growth stands converges 
to the same value as that found in the forested landbase in general (67-68%). 
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Figure 22 Carbon stocks in DOM and biomass in the old growth stands 
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4.3.5 Carbon stocks in harvested forest products 
The harvested carbon value that is reported in the carbon model includes more than just 
the TSR-type merchantable volume (the “log” portion of the stem).   Harvested carbon 
includes tree bole and bark, plus all softwood and hardwood components, as well as 
snags.    
 
Harvested carbon stocks in the old growth stands varies from a minimum of 0.11 million 
tons per decade in decade 9 to a maximum of 0.922 million tons per year in decade 3.   
As per the description of the TSA-wide carbon harvest, the correlation between the 
harvest flow in TSR and the harvested carbon values is less than perfect.  Some 
correlation is seen between the two.  The high carbon harvest in decade 3, for example, 
corresponds with the TSR harvest, during the same decade, of a preponderance of old, 
high volume spruce and C/H stands.  
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Figure 23 Total carbon harvested in the old growth stands in the Golden TSA  
 

5.0 Discussion 
The answer to the question: “Are the forests of the Golden TSA a sink or a source?” 
appears to be “Based on the assumptions used in this analysis, the forests as a whole 
are a carbon sink.”   
 
This is not the case for the existing old growth stands.  “Based on the assumptions used 
in this analysis, the old growth stands are a net carbon source”. 
 
The trend for the NHLB, which is a “sink”, is different from the THLB, which is a “source”.  
The addition of carbon stocks from harvested forest products enhances the overall trend 
(a “sink”). 
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Different results might be obtained if one used different assumptions, such as a different 
mix of THLB / NHLB.  As the THLB is a source, zoning more of the forest as THLB may 
switch the balance for the forest as a whole to a sink, or vice-versa (this will be 
mentioned again in section 5.1).   
 
Or, if one adopted higher disturbance rates (i.e. increased the area of wildfires, insect 
attack, etc) then the NHLB may itself become a source (again, see section 5.1).  This 
might also be the case, perhaps, by using better methods, such as by analyzing the 
forests in more detail (section 5.2), or by using future versions of the CFS carbon model 
which may address some of the model’s known issues, or the modeling functions that 
we found lacking (section 5.2).  
 
However, based on this preliminary analysis, the Golden TSA’s forests will act as a sink 
for the next 250 years. 
 

5.1 Management Practices for Increasing Carbon Sequestration 
If managers of the Golden forests want the forests to act as (or more of) a carbon sink 
then forest management practices should be aligned with the general rule:  
 

“Maintain the highest stand volumes on site for the longest time periods”  
 
Specific forest management practices that increase the carbon stocks sequestered in 
the forest are mentioned in several references in the literature.  The following list of 
management practices is the most comprehensive that the author found, and covers all 
the practices that were mentioned in other sources.  The text is either quoted directly or 
paraphrased from the paper by Binkley et al, (1997)  
 
“These sequestration strategies logically focus both on increasing the storage per 
hectare and on increasing the forested area over what it would otherwise be. 
 
1. Protect Against Fires 

Non-stand replacing fires may help control pathogens, but if fuels build up to high 
levels then crown fires can be sustained, leading to stand-replacing fires. 
 
Stand-replacing fires redistribute the carbon amongst pools (such as into the 
snag pool); they release carbon (as well as CH4 and methane) to the 
atmosphere through volatization; they reset the age of the forest and seral 
succession is restarted.  Biomass carbon pool is then very low during the early 
seral stage. 

 
2. Protecting Against Disease, Pest Insects, and Other Herbivores 

Theoretically this protection will serve to lower carbon losses from the forest 
(such as by limiting insect respiration), although the total sequestration is not 
always clear and depends on many factors. 
 

3. Salvage Dead and Dying Trees 
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By moving decomposing carbon from the natural system to the economic 
system, it may be possible to increase the net carbon storage associated with the 
given piece of land. 
 

4. Change Rotations 
Although a careful analysis is needed for each specific case, as a rule of thumb 
prolonging rotations in natural forests will generally contribute to C sequestration.  
Converting natural forests to short rotation systems can make positive 
sequestration contributions mainly in the longer term, that is, in the period 
beyond 20 to 50 years from now. 

 
5. Control Stand Density 

Thinning affects C sequestration and storage in several ways. Low thinnings 
utilize small stems which would otherwise decay and release C back to the 
atmosphere. High thinnings which reduce overall forest growth rates may also 
help sequester C by providing more of the total volume in longer-lived solid wood 
products such as lumber. Thinning-to-waste will generally be neutral or negative 
in terms of carbon sequestration. 

 
6. Enhance Available Nutrients 

Water and nutrient availability control forest growth in most parts of the world.  As 
a result, fertilization and irrigation will generally enhance forest productivity. 

 
7. Control the Water Table 

Draining peat lands for forest production increases forest productivity, but 
increases respiration from the exposed peat. 
 

8. Select Useful Species and Genotypes 
Natural variation in net primary productivity (NPP) of provenances of same tree 
species originating in a relatively small geographic area is large, hence the 
selection of provenances well adapted to the site and expected climate may 
improve the NPP. Cannell (1999)] 

 
9. Reduce Regeneration Delays 

Limiting the time the stand is in it’s regeneration delay period, a period when its 
biomass and C sequestration is essentially zero, will raise the average level of 
carbon sequestered over the rotation period. 

 
10. Select an Appropriate Harvest Method 

The choice of the harvesting method can have impacts on C sequestration, 
although such differences are poorly documented in literature. 
 

11. Manage Logging Residues 
In some places, logging residues from forest management are, to a large extent, 
already being used as bioenergy (Sampson et al., 1993). In Finland and Sweden, 
bioenergy represents as much as l7-l8% of all energy consumption when pulpmill 
residuals are included (Hall et al., 1993).  Bioenergy substitutes directly for fossil 
fuels, in essence storing the C that would have been released in oil, gas or coal 
reserves. 

 
12. Establish, Maintain and Manage Reserves 
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The overriding point is this: C can be retained by avoiding deforestation only if 
the C pools in the reserves are explicitly managed.  Management of C pools may 
or may not be compatible with other desirable objectives for forest reserves such 
as preservation of biological diversity. Creation of a reserve might also simply 
displace the competing land users to a different location, with consequent impact 
on C stocks and sequestration rates.  To compute the total impact of the reserve 
requires netting out these offsite effects. 

 
Binkley’s summary included these comments: 
 
Despite the fact that the biophysical responses will differ widely as one moves among 
the various tropical, temperate and boreal forests, a few general principles seem clear: 
 
- Accumulating higher levels of growing stock is apt to increase the biophysical risk of 
holding stands managed expressly with C sequestration in mind; 
 
- Because of poor access and their extensive nature, natural forests are already subject 
to a host of biotic and abiotic stresses and climatic change will add to these; 
 
- Increasing atmospheric concentrations of CO2 and climatic change will affect the   
amount of C stored in these forests; 
 
- While it is possible in many cases to estimate ex ante the amount of C that will be 
sequestered under various management strategies, it will be extremely difficult to 
measure and verify these quantities in the field. 
 
- Correct estimates of C sequestration will include that held in the economic system, 
both as fossil-fuel offsets and as long-lived products. 

 31



 

5.2 Suggestions for Improving the Golden Carbon Analysis 

5.2.1 Carbon model fixed schedule capability 
To better model the forest management scenarios we require the capability to feed a 
(fixed) harvest schedule, generated by the forest estate model, into the carbon model.  
This is not a function included with the current carbon model, although it is mentioned as 
a possible enhancement in future versions of the software.   
 
Theoretically, it is possible to work-around this deficiency by inputting one inventory 
record for each forest estate inventory record (one polygon), and then inputting one 
disturbance record for each year a block is harvested.  This was considered for this 
project, however it did not appear pragmatic as the processing time to run a scenario 
would likely increase in proportion to the increase in the carbon model input file size.  
Scaling the carbon model up to match the detail in the forest estate model will possibly 
increase the carbon model by a factor of 200+ times, and this might increase the 
processing time from 1 hour to perhaps 200+ hours.   Then, if the processing time was 
not excessive, the carbon output file may still exceed the MSAccess maximum file size.  
Given the poor likelihood of success the work-around was not attempted. 

5.2.2 NHLB Yield curves 
At present, the NHLB is represented by only two TSR yield curves, one for coniferous-
leading stands and another for deciduous leading stands.  Both of these are “net” of the 
deciduous stand species.  There are four curves in the C model, a coniferous portion 
and a deciduous portion of each of the TSR curves.  Each of the NHLB curves could be 
divided into multiple analysis units, perhaps by leading species and site class, similar to 
that done for the THLB.  This might improve the estimates of carbon stocks by better 
differentiating the growth potential, or range, of these stands.   

5.2.3 Sequestration within harvested forest products 
A very cursory estimate was made of the retained (or sequestered) rate of harvested 
forest products within the Golden TSA.  For example, only four product streams were 
used.  The analysis could be performed in much more detail, such as per the forest 
product flows depicted in Apps et al (1999)  
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Figure 24 Example of harvested forest product components (From: Apps et al, 1999) 
 
 
However, even if forest products are sequestered, the rules for HFP credits, yet to be 
finalized, may prove to be very important.  Carbon harvested in Canada might not be 
attributed to Canada if the products are bought, used, and land-filled in the USA (Kurz et 
al, 1996).  
 

5.3 Future Projects 
Conceptually, three components to a forest carbon strategy, as depicted in Figure 25 
(O’Laughlin and Mahoney, 2008) are (1) storing carbon in the forest (the bulk of the 
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analysis in this project), (2) sequestration of carbon in harvested forest products (which 
was briefly examined in this project) and (3) obtaining carbon offsets or identifying 
avoided carbon emissions (which was not studied here).  Some examples of possible, 
future, projects in these categories are provided below. 
 

 
Figure 25 Components of a forest carbon strategy. 
 

5.3.1 Storing carbon in the forest 
Possible projects in this category include refining this analysis, as per section 5.2, and 
assessing the carbon budgets of alternate forest management scenarios.  The latter 
could entail, for example, completing a TSR-type, parallel analysis of the carbon budgets 
for each of the TSR4-type sensitivities (Forsite, 2009).  This could be done for scenarios 
such as: 

• North versus south carbon budgets, 
• Non-spatial biodiversity versus spatial old growth management areas (this 

changes the THLB / NHLB balance), and 
• Changes in the managed stand yield curves (which would increase/decrease the 

degree to which the THLB is a “source”).  
 
The current version of the CFS carbon model requires us to simplify the TSR-type 
assumptions.  An alternative methodology is to do the opposite of what we have done: 
rather than inputting TSR-type assumptions into the carbon model, one could use the 
carbon model to generate “carbon yield curves” and then input those curves into the 
forest estate model.  There are examples of such projects in other TSAs, such as within 
the Invermere TSA located just to the south of the Golden TSA.  One of the challenges 
of this method is described in section 3.6.2.  If this method is successful (or deemed 
acceptable) then it provides the capability to assess these TSR-type scenarios in much 
more detail, and likely complete them more efficiently. 

5.3.2 Analysis of harvested forest products 
Our assessment of the sequestration of harvested forest products was quite simple.  
This can easily be expanded to include determining, for example, for the Golden TSA: 
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• the deciduous and coniferous components of the carbon harvest,  
• the proportions of lumber, pulp, chips, hog fuel, etc within those components, 
• the half life of each product stream by assessing the proportion recycled, land 

filled (for both “wet” vs. “dry” landfill), the proportion of OSB vs. lumber, etc 
 

5.3.3 Analysis of fossil-fuel offsets and avoided emissions 
This topic was not touched in this project.  Projects in this category could include: 

• consolidating the rules for determining offsets and avoided emissions (i.e. 
documenting current and emerging policy, laws, methodologies, etc) 

• quantifying any increased efficiency in processing (e.g. “before” vs. “after”, using 
less power or using less hydro-carbon based fuels, producing less waste from a 
unit of wood) 

• use of waste products for bio-energy (which is generally considered to be 
“carbon free”), or 

• any increased use of wood instead of materials that produce more carbon 
emissions (a building of steel or concrete, for example, produces more carbon 
emissions than an equivalent building made of wood). 

 

6.0 Summary 
Based on this analysis, which adopted most of the Golden TSR4-type base case forest 
management assumptions, the forests of the Golden TSA, as a whole, will act as a 
carbon “sink” for the foreseeable future.  The old growth forests of the Golden TSA are 
expected to act as a carbon “source” during that same period.   
 
The overall trend of a carbon “sink” is a combination of a stronger THLB “sink” and a 
weaker THLB “source”. 
 
If one adds our estimate of the retention, or sequestration, of harvested wood products 
(HFP) to the total carbon stocks in the TSA, then the forests as a whole act as a stronger 
carbon “sink”.   
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8.0 Appendix A – Data Tables 
Table 3 Golden TSA total carbon stocks 

Notes: 
1) Data tables are the values for 
the corresponding charts. 
 
2) All values in the tables in this 
Appendix are in millions of tons of 
carbon, unless otherwise noted. 

Decade THLB NHLB RTLs Total 
0 59.8 113.1 0.0 173.0 
1 59.0 113.9 0.1 172.9 
2 57.5 115.1 0.2 172.8 
3 56.2 116.2 0.2 172.6 
4 55.5 117.2 0.3 173.0 
5 55.1 118.2 0.4 173.7 
6 54.6 119.1 0.4 174.1 
7 53.6 120.0 0.5 174.1 
8 52.6 121.0 0.5 174.2 
9 51.9 121.9 0.5 174.4 

10 51.5 122.7 0.6 174.8 
11 51.3 123.4 0.6 175.4 
12 51.4 124.1 0.6 176.1 
13 51.4 124.7 0.6 176.7 
14 51.2 125.2 0.6 177.0 
15 50.9 125.7 0.5 177.2 
16 50.5 126.2 0.5 177.3 
17 50.2 126.6 0.5 177.4 
18 50.2 127.0 0.5 177.7 
19 50.3 127.4 0.5 178.2 
20 50.0 127.7 0.5 178.2 
21 49.6 128.0 0.4 178.0 
22 49.4 128.2 0.4 178.0 
23 49.2 128.4 0.4 178.0 
24 49.0 128.7 0.4 178.1 
25 49.1 128.9 0.4 178.4 

 
Table 4 Golden TSA total carbon stocks in biomass 
Decade THLB NHLB RTLs Total 

0 15.0 39.6 0.0 54.6 
1 14.5 40.1 0.0 54.6 
2 13.6 40.8 0.0 54.5 
3 12.9 41.5 0.0 54.5 
4 12.8 42.3 0.0 55.1 
5 12.9 43.0 0.0 55.9 
6 12.7 43.6 0.0 56.3 
7 12.1 44.3 0.0 56.4 
8 11.6 44.9 0.0 56.6 
9 11.3 45.3 0.0 56.6 

10 11.3 45.7 0.0 57.0 
11 11.4 46.0 0.0 57.4 
12 11.7 46.2 0.0 57.9 
13 11.9 46.4 0.0 58.2 
14 11.8 46.5 0.0 58.4 
15 11.7 46.7 0.0 58.3 
16 11.5 46.8 0.0 58.2 
17 11.4 46.7 0.0 58.1 
18 11.6 46.8 0.0 58.3 
19 11.7 46.8 0.0 58.6 
20 11.6 46.7 0.0 58.3 
21 11.4 46.7 0.0 58.1 
22 11.2 46.7 0.0 57.9 
23 11.1 46.6 0.0 57.7 
24 11.1 46.6 0.0 57.8 
25 11.3 46.7 0.0 58.0 
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Table 5 Golden TSA carbon stocks in DOM 
Decade THLB NHLB RTLs Total 

0 44.9 73.5 0.0 118.4 
1 44.5 73.8 0.1 118.3 
2 43.9 74.3 0.2 118.3 
3 43.2 74.7 0.2 118.1 
4 42.7 74.9 0.3 117.8 
5 42.2 75.2 0.4 117.7 
6 41.9 75.5 0.4 117.8 
7 41.5 75.7 0.5 117.7 
8 41.0 76.1 0.5 117.6 
9 40.6 76.6 0.5 117.7 

10 40.2 77.0 0.6 117.8 
11 39.9 77.4 0.6 117.9 
12 39.7 77.9 0.6 118.2 
13 39.5 78.3 0.6 118.4 
14 39.4 78.7 0.6 118.6 
15 39.2 79.1 0.5 118.9 
16 39.1 79.5 0.5 119.1 
17 38.9 79.9 0.5 119.3 
18 38.7 80.3 0.5 119.4 
19 38.5 80.6 0.5 119.6 
20 38.4 81.0 0.5 119.9 
21 38.3 81.3 0.4 120.0 
22 38.1 81.5 0.4 120.1 
23 38.0 81.9 0.4 120.3 
24 37.9 82.1 0.4 120.3 
25 37.7 82.2 0.4 120.4 

 
Table 6 Golden TSA carbon stocks in biomass versus DOM 

Decade Biomass DOM Total 
0 54.6 118.4 173.0 
1 54.6 118.3 172.9 
2 54.5 118.3 172.8 
3 54.5 118.1 172.6 
4 55.1 117.8 173.0 
5 55.9 117.7 173.7 
6 56.3 117.8 174.1 
7 56.4 117.7 174.1 
8 56.6 117.6 174.2 
9 56.6 117.7 174.4 

10 57.0 117.8 174.8 
11 57.4 117.9 175.4 
12 57.9 118.2 176.1 
13 58.2 118.4 176.7 
14 58.4 118.6 177.0 
15 58.3 118.9 177.2 
16 58.2 119.1 177.3 
17 58.1 119.3 177.4 
18 58.3 119.4 177.7 
19 58.6 119.6 178.2 
20 58.3 119.9 178.2 
21 58.1 120.0 178.0 
22 57.9 120.1 178.0 
23 57.7 120.3 178.0 
24 57.8 120.3 178.1 
25 58.0 120.4 178.4 
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Table 7 Golden TSA carbon stocks in harvested forest products 
Decade Harvest Forest 

1 1.130 172.9 
2 1.171 172.8 
3 1.129 172.6 
4 1.090 173.0 
5 1.118 173.7 
6 1.152 174.1 
7 1.193 174.1 
8 1.121 174.2 
9 1.123 174.4 

10 1.078 174.8 
11 1.087 175.4 
12 1.103 176.1 
13 1.099 176.7 
14 1.086 177.0 
15 1.112 177.2 
16 1.105 177.3 
17 1.072 177.4 
18 1.072 177.7 
19 1.126 178.2 
20 1.107 178.2 
21 1.091 178.0 
22 1.123 178.0 
23 1.103 178.0 
24 1.086 178.1 
25 1.099 178.4 

 
Table 8 Golden TSA carbon stocks in accumulated harvested forest products 
Decade Biomass, DOM and 

 RTL Stocks 
Accumulated 

 HFP 
Total Stocks Including  

Accumulated HFP 
0 173.0 0.000 173.0 
1 172.9 1.050 174.0 
2 172.8 2.085 174.9 
3 172.6 3.014 175.6 
4 173.0 3.833 176.8 
5 173.7 4.597 178.3 
6 174.1 5.312 179.4 
7 174.1 5.977 180.1 
8 174.2 6.436 180.6 
9 174.4 6.748 181.1 

10 174.8 6.898 181.7 
11 175.4 6.937 182.3 
12 176.1 6.987 183.0 
13 176.7 7.029 183.7 
14 177.0 7.051 184.0 
15 177.2 7.088 184.3 
16 177.3 7.112 184.4 
17 177.4 7.104 184.5 
18 177.7 7.100 184.8 
19 178.2 7.142 185.3 
20 178.2 7.160 185.4 
21 178.0 7.153 185.2 
22 178.0 7.174 185.2 
23 178.0 7.177 185.2 
24 178.1 7.164 185.3 
25 178.4 7.164 185.6 
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Table 9 Old growth stands total carbon stocks 
 
Decade THLB NHLB RTLs Total 

0 10.1 44.5 0.0 54.7 
1 9.9 44.6 0.0 54.6 
2 9.6 44.7 0.0 54.3 
3 8.8 44.6 0.1 53.5 
4 7.5 44.6 0.1 52.3 
5 6.7 44.6 0.1 51.4 
6 6.3 44.6 0.1 51.0 
7 6.3 44.6 0.1 51.0 
8 6.4 44.6 0.1 51.1 
9 6.6 44.6 0.1 51.2 

10 6.9 44.6 0.1 51.5 
11 7.2 44.5 0.1 51.9 
12 7.4 44.5 0.1 52.0 
13 7.2 44.5 0.1 51.8 
14 6.8 44.4 0.1 51.3 
15 6.5 44.4 0.1 51.0 
16 6.4 44.4 0.1 50.8 
17 6.3 44.3 0.1 50.7 
18 6.3 44.3 0.1 50.6 
19 6.3 44.3 0.1 50.7 
20 6.5 44.2 0.1 50.8 
21 6.7 44.2 0.1 50.9 
22 6.7 44.2 0.1 50.9 
23 6.6 44.1 0.1 50.8 
24 6.4 44.1 0.1 50.6 
25 6.2 44.1 0.1 50.4 

 
Table 10 Old growth stands carbon stocks in biomass 
 
Decade THLB NHLB Total 

0 4.1 17.9 22.0 
1 3.7 17.7 21.4 
2 3.4 17.4 20.8 
3 2.3 17.2 19.5 
4 1.1 17.1 18.2 
5 0.6 17.0 17.6 
6 0.6 16.9 17.5 
7 0.8 16.8 17.6 
8 1.0 16.7 17.7 
9 1.3 16.6 17.8 

10 1.6 16.5 18.1 
11 1.9 16.4 18.3 
12 2.0 16.4 18.4 
13 1.7 16.3 17.9 
14 1.4 16.1 17.5 
15 1.2 16.1 17.2 
16 1.2 15.9 17.1 
17 1.1 15.9 17.0 
18 1.1 15.8 17.0 
19 1.3 15.8 17.1 
20 1.5 15.7 17.2 
21 1.7 15.7 17.4 
22 1.7 15.6 17.2 
23 1.5 15.5 17.0 
24 1.3 15.4 16.8 
25 1.2 15.4 16.6 
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Table 11 Old growth stands carbon stocks in DOM 

Decade THLB NHLB RTLs Total 
0 6.1 26.6 0.0 32.7 
1 6.2 26.9 0.0 33.1 
2 6.2 27.3 0.0 33.5 
3 6.5 27.4 0.1 34.0 
4 6.4 27.5 0.1 34.0 
5 6.1 27.6 0.1 33.8 
6 5.7 27.7 0.1 33.5 
7 5.5 27.9 0.1 33.4 
8 5.4 27.9 0.1 33.4 
9 5.3 28.0 0.1 33.4 

10 5.3 28.1 0.1 33.5 
11 5.3 28.2 0.1 33.5 
12 5.4 28.2 0.1 33.6 
13 5.5 28.2 0.1 33.8 
14 5.5 28.3 0.1 33.8 
15 5.3 28.3 0.1 33.8 
16 5.2 28.4 0.1 33.7 
17 5.2 28.5 0.1 33.7 
18 5.1 28.5 0.1 33.7 
19 5.0 28.5 0.1 33.6 
20 5.0 28.5 0.1 33.5 
21 5.0 28.5 0.1 33.5 
22 5.1 28.6 0.1 33.7 
23 5.1 28.6 0.1 33.8 
24 5.1 28.6 0.1 33.8 
25 5.0 28.7 0.1 33.7 

 
Table 12 Old growth stands carbon stocks in biomass and DOM 
Decade Biomass DOM Total 

0 22.0 32.7 54.7 
1 21.4 33.1 54.6 
2 20.8 33.5 54.3 
3 19.5 34.0 53.5 
4 18.2 34.0 52.3 
5 17.6 33.8 51.4 
6 17.5 33.5 51.0 
7 17.6 33.4 51.0 
8 17.7 33.4 51.1 
9 17.8 33.4 51.2 

10 18.1 33.5 51.5 
11 18.3 33.5 51.9 
12 18.4 33.6 52.0 
13 17.9 33.8 51.8 
14 17.5 33.8 51.3 
15 17.2 33.8 51.0 
16 17.1 33.7 50.8 
17 17.0 33.7 50.7 
18 17.0 33.7 50.6 
19 17.1 33.6 50.7 
20 17.2 33.5 50.8 
21 17.4 33.5 50.9 
22 17.2 33.7 50.9 
23 17.0 33.8 50.8 
24 16.8 33.8 50.6 
25 16.6 33.7 50.4 
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