
Proposed System to Estimate Carbon Stores and Changes in Oregon’s Forest Sector 

This describes a proposed system to track the amount of carbon stored in and the rate this store is 

changing in Oregon’s forest sector.  It is based on several general principles: 

1. All major forms of carbon will be addressed: including living (above- and belowground), dead 

(above- and belowground), soil, wood products in use, disposed wood products, bioenergy 

substitutions, and product substitutions. 

2. To the extent possible all the pools will be treated the same, that is the store, the flows 

contributing to these stores (inputs and outputs), and the net change will be estimated. An 

exception may be soil carbon, which may have to be solved using a different approach.   

3. While data will be used to the extent possible, estimating carbon stores, flows and changes will 

require that models will have to be used.  This is true for each pool described under point 1.  

4. Information relevant to the proposed system comes in many forms: FIA inventories, field 

experiments, process-based models, surveys, theory, etc.  The concern about information is less 

about where it comes from and more about using the information appropriately.   

5. The major uncertainties in each pool that is reported should be identified and to the extent 

possible should be estimated.  Sources of uncertainty include: measurement, sampling, model 

prediction, and model selection.  While each of these differs, uncertainty is uncertainty; that is 

one source is not better than another source per se.  

 

The benefits of following of these principles are: 

 

1. Including all the known pools of carbon will give the most complete information about the 

forest sector and avoid knowingly biasing results (e.g., exclusion of belowground live carbon 

creates a known bias in stores, exclusion of dead carbon can create a known bias in the flow of 

carbon to the atmosphere).   

2. Including all the pools will provide a check that conservation of mass is obeyed through mass 

balance.  

3. Including all the known pools of carbon and their flows allows the results of the analysis to be 

coupled more completely with models used to assess potential future changes.  

4. Treating all the pools as similarly as possible allows one to link and aggregate the different pools 

in a consistent manner. 

5. All the information that is relevant to making the estimates can be used.  

6. Quantifying uncertainty allows one to learn more about the limits/nature of the estimates as 

well as prioritize areas for improvement/investment.  

 



 

General scheme 

 

For all of the pools the following will be reported: 

 

1. The carbon flowing into the pools from various sources (units=mass per area per time). For soil 

carbon it will be the net increase (if the net balance is positive). 

2. The carbon flowing out of the pools units=mass per area per time). For soil carbon it will be the 

net decrease (if the net balance is negative).  

3. The proportion of carbon flowing out of the pools (per time step) as computed as the ratio of 

the total loss flows divided by the pool store. 

4. The net change in the store of carbon in the pool (units=mass per area per time). 

5. The store of carbon in the pools (units=mass per area). 

6. The potential steady-state store of the pool (units=mass per area) as determined by the ratio of 

the input divided by the proportional output.   

 

While the current store and the balance of the pools is most likely what policy makers would want to 

have reported, to understand why the pools are changing, that is the mechanisms, requires that the 

flows in and out of the pools be estimated and reported.  Estimating the proportion of carbon flowing 

out of the pools allows one to quantify the strength of negative feedbacks controlling each pool which in 

turn allows one to estimate the speed the forest stores are changing.   Estimating the potential steady-

state stores allows one to understand how the pools may be changing if current conditions continued.  

Calculation of the potential steady-state also allows one to approximate how long changes would persist 

if the current conditions continued.    

 

The overall flow of information in the proposed system is shown in Figure 1.  The detailed flows for each 

pool is presented with the description of each pool.  



 

Aboveground Living Carbon 

 

Living carbon includes woody and non-woody plants.  This carbon can be above- or below ground; this 

section deals with the former.  Given that the majority of forest carbon is stored in trees for most stages 

of succession (i.e., greater than 90%), the initial emphasis should be on trees.  Aboveground stores will 

be based on dimensions such as diameters and other data gathered in the field coupled with FIA 

selected allometric (i.e., biomass) models.  To serve as a consistent reference estimate, the allometric 

equations of Jenkins et al. should also be used.  Initially a carbon to biomass ratio of 0.5 will be assumed.   

 

Because woody parts form the majority of carbon stores, the emphasis on quantifying flows will be on 

woody parts.  The flow into the living pools, primarily trees, will be estimated from the change in living 

biomass, plus the losses from mortality (including from disturbances such as fire) and harvest.  This 

would be equivalent to net primary production (NPP) of woody parts or gross growth. If the losses from 

leaves are to be included, that could be approximated from the store of this pool and the average 

lifespan of leaves for the species in a region. This would allow one to approximate the total 

aboveground NPP.   Losses from living pools would be from so-called normal mortality and disturbances 

such as fire, wind, and insects. Harvest losses from the living pools would consist of any trees that are 

cut or killed during harvesting operations.  This is in contrast to the living carbon that is actually 

removed, which would underestimate the impact of harvest on living carbon.   

 

The sources of uncertainty that are most important for living carbon include sampling and model 

selection and these should be explicitly addressed.  Measurement and model prediction error can be 

approximated, that is typical relative values can be used.  Model selection error can be quite large for 

living carbon estimates.  While it would be possible to use multiple equation sets, an initial 

approximation of this error could be derived from the work of Melson.  



 

Belowground Living Carbon 

 

While there is a great deal of uncertainty about the amount of living belowground carbon, excluding this 

pool would create a known bias in carbon stores estimates and could create a major mismatch between 

the living and dead pools in some situations.  

 

The majority of the living belowground carbon is in the form of coarse roots which can be estimated 

from ratios of living below-  to aboveground biomass.  This is a well understood and accepted model 

which means model selection uncertainty is low. However, the ratio used to parameterize it is thought 

to range from 0.15 to 0.30 which means the model prediction uncertainty is relatively high (i.e., a factor 

of two).  If fine root carbon is to be included, a constant store based on ecosystem averages could be 

added to the woody roots estimates.    

 

Living aboveground carbon will be used to estimate the stores and flows into and out of living 

belowground carbon.  Specifically the ratio of below- to aboveground living biomass would be multiplied 

by the living carbon and its input and output flows.  Estimates of fine root input could be derived from 

the size of the fine root pool and the average longevity of fine roots.  The latter would allow some 

estimation of total forest NPP.   

 

The uncertainties that need to be directly estimated for this pool include sampling and model 

prediction.  Measurement and sampling error can be derived from that of living aboveground carbon.  

Model prediction error can be based on the range of ratios found in Pacific Northwest forests.  Addition 

of fine roots will likely add a relatively small amount of uncertainty to total carbon stores because it is a 

relatively small pool.  However, adding fine roots will likely add a relatively high amount of uncertainty 

to NPP estimates because the turnover time (i.e., lifespan) is very short.   



 

Aboveground Dead Carbon 

Aboveground dead carbon is in woody and non-woody forms.  FIA collects data on the dimensions, 

species and decay state of standing and downed coarse wood.  In addition, counts of dead and downed 

fine wood as well as the depth of the forest floor are collected.  These data can be used to estimate the 

volume of dead carbon stores, and density (mass per volume) as well as carbon to organic matter ratios 

can be used to estimate carbon stores of these pools.  Initially a carbon to biomass ratio of 0.5 will be 

assumed for dead wood.  A lower value may be more appropriate for the forest floor.   

Flows of dead carbon will be most readily estimated from FIA data for woody dead carbon. The input 

can be estimated from the losses of live carbon caused by normal mortality, disturbances, and harvest.  

The amount added by harvest will need to be adjusted for the fraction removed from the site (not all 

living carbon that is killed in a harvest is removed.  Flows into the forest floor can be approximated from 

leaf lifespan and leaf carbon stores.  Flows out of the coarse dead pools can be estimated from inputs 

and the net change in stores for these pools.  Alternatively, decomposition rate-constants determined 

from field studies in Oregon can be applied to carbon stores to estimate the amount lost via 

decomposition.  Similar methods can be applied to the forest floor.  Additional loss terms would include 

salvage/residue harvest, and combustion.   

The sources of uncertainty for this set of pools include measurement, sampling, model prediction, and 

depending on how volume is determined model selection error related to the form factor.  

Understanding of the relative sizes of these uncertainties is not as well developed as for living carbon, 

which may mean some investments into these needs to be made before uncertainty estimates can be 

made.   



 

Dead Belowground Carbon 

While it is not possible to directly inventory dead belowground carbon, this can be a significant store of 

carbon in some situations (e.g., recently harvested forests).  As with living belowground carbon, the 

majority of this pool is in the form of coarse roots.   

The store of dead belowground carbon can be approximated using a ratio similar to that used for living 

belowground carbon applied to the dead woody carbon.  However, these ratios need to be adjusted for 

differences in decomposition rates between above- and belowground pools.  In addition, adjustments 

will need to be made for harvest of wood, since this will change the dead above- to belowground ratio.   

The input to this pool, at least for coarse woody roots can be estimated from the losses from living 

coarse roots caused by normal mortality, disturbances, and harvest.  The output of this pool can be 

estimated from published decomposition rate-constants of these pools and the store of this pool. 

The main sources of uncertainty for this pool are primarily model prediction-related ones.  The model 

used to predict this pool and its flows is quite well established, which means model selection error it 

very low.  Estimates of sampling uncertainty can be derived from those of dead woody carbon as the 

two pools are highly  correlated.     



 

 Soil Carbon 

Soil carbon is an important pool and therefore should be included. Excluding this pool would mean that 

a substantial amount of carbon associated with Oregon’s forests would not be reported.   The primary 

focus in the proposed system would be on organic carbon in mineral horizons.  To some degree carbon 

stores in the organic horizons will be captured in the forest floor dead carbon described above.   

Statewide and regional soil stores can be derived from previous estimates such as those done by Peter 

Homann.  These are based on soil sampling pits done as part of soil surveys.  While these data cannot be 

directly matched to FIA plots, they provide a reasonable starting point for regional- to state-level 

estimates.  

It will be very difficult to use the proposed input-output framework for soil carbon.  This stems from the 

fact that changes in stores are difficult to measure as are the flows into and out of soil. One alternative 

to the input-output framework is to assume that organic carbon stores in the mineral horizons is 

constant.  However, this ignores the possible negative or positive effects of forest management on soil 

carbon.   

To address the potential sensitivity of mineral soil carbon to management activities the following 

approximation can be used. 

1. Assume that the net change in mineral soil carbon averages zero for all forest lands that are 

not intensively managed.  

2. For intensively managed forests assume either soil carbon is decreased or soil carbon is 

increased.  The amount of the decrease and increase would be guided by existing long-term 

data or models in which the relative response, change in input, change in outputs has been 

examined.   

3. These relative changes would be applied to the soil carbon stores in intensively managed 

forests to estimate the range of possible responses.  

4. To approximate the annual rate of change, the maximum response would be adjusted using 

an exponential model and the approximate turnover time of soil carbon (i.e., 50-100 years).  

The exponential model accounts for the fact that changes are faster earlier than later.   

While this approach is not as exact as an input-output framework, it does help define the uncertainty 

related to soil carbon.  Assuming that the forest area subject to intensive management can be defined, 

the main sources of uncertainty would primarily be related to model prediction, specifically the 

magnitude and timing of the response.  Although the uncertainty within intensively managed areas will 

likely be high, this may not lead to high overall uncertainty in soil carbon (particularly if the proportion 

of intensively managed forest is low), nor will it necessarily lead to high overall uncertainty in the forest 

sector estimates.   



 

Wood Products In-use 

It is important to include the store of carbon in wood products in use because not all carbon removed 

from forest directly enters the atmosphere: some of the removed carbon is stored for some period of 

time.   Wood products in use will be divided into those resulting in short-term versus long-term products 

stores.  An example of the former would be paper and of the latter would be housing.  Given that 

harvested carbon moves into and out of Oregon before and after manufacturing, it can be very difficult 

to track the harvested carbon in use within Oregon.  The proposed system will therefore consider the 

fate of carbon harvested in Oregon regardless of its final destination.    

There are no reliable inventories of wood products in use that could be used for tracking the fate of 

harvest carbon in Oregon.  Moreover, these inventories would have to be based on what is stored in 

regions which might not have actually produced the harvest that resulted in the wood products.  This 

means that wood products in use will have to be modeled from information about manufacturing and 

product lives pans and fates. 

The model structure for short- and long-term wood products will be same: 

1. Harvest carbon will be allocated to different manufacturing streams (e.g., paper versus 

structural),  

2. The manufacturing step will use efficiency ratios to determine how much product is produced. 

Products will include the primary product (e.g., structural wood) and by-products (e.g., chips for 

paper manufacture). 

3. The amount of product produced will be assumed to be the input to the relevant product store 

4. The losses from the product pool from various sources will be estimated from the average 

lifespan of products in use and the current store of products in use.  Losses come from multiple 

sources, for example, losses from buildings come from decomposition, combustion, and 

disposal.  

5. Products that are recycled or repurposed will be added to the appropriate product pool.  For 

example, recycled paper will be added back into paper once losses in remanufacture are 

addressed. 

6. The initial store of products will be “spun-up” from historical information on Oregon’s harvests. 

Otherwise the net gain of these pools will be overestimated.  That is because some of the 

products produced today are replacing some of the products from past harvests.   

The uncertainties in wood products in use will primarily come from model prediction, which 

largely comes from varying estimates of product lifespan. While varying estimates of product 

lifespan influence the size of product pool in use, they have less of an effect on total forest 

sector.  This is because if the carbon is disposed of quickly it is stored in landfills.  Conversely, if 

the product has a long lifespan, it means there is less stored in landfills.  Hence, this uncertainty 

has offsetting effects to some degree at the level of the forest sector. Another source of 

prediction uncertainty stems from spinning-up of the initial store value.   Sampling uncertainty 



can be estimated from that of harvested carbon.  Model selection error is likely low for this pool 

because the basic steps in manufacturing, use, and disposal are generally known. The primary 

difference in model structure is one of level of aggregation/disaggregation rather than the basic 

steps in a products life.    

 



Disposed Wood Products  

Disposed wood products, particularly those in landfills, are a potentially large store that can continue to 

increase for a considerable time.  Disposed products will be divided into those that are placed into 

landfills, open dumps, recycled, and incinerated.  While landfills are currently the major site of product 

disposal, open dumps were quite common historically until the 1970’s.  Disposed products that are 

recycled are returned to a product pool. The fraction of those that are incinerated with energy recovery 

are sent to the energy substitution portion of the system. The remaining amount will be allocated to 

either landfills or open dumps.   

As with wood products in use, the fate of disposed carbon will have to be modeled.  The inputs into the 

four disposal fates will be estimated from the wood products in-use portion of the system.  The outputs 

will be determined from the current disposed product pool size and the lifespan of the disposed 

product.  Losses from landfills will not divide those going into carbon dioxide versus methane (although 

that can be added).   As with wood products in use, the estimate of current disposed products stores 

and flows will need to be “spun-up” to account for the fact that inputs to today’s disposed stores are 

replacing to some degree the losses from products disposed in the past. 

The uncertainties in disposed products are primarily from model prediction and as with products in use, 

this largely is related to the lifespan of carbon in disposed form.  For example, although the lifespan of 

carbon disposed into landfills is known to be relatively long, estimates probably vary by a factor of two.  

Another source of prediction uncertainty stems from spinning-up of the initial store value.  These 

sources of uncertainty are likely much higher than those coming from sampling and model selection. 

Given these pools are modeled, it is not clear if there is any measurement uncertainty per se.      



 

Energy generation /substitution 

 

The use of harvested carbon to generate energy has become increasingly important in Oregon’s forest 

sector.  This use needs to be divided into two parts: the portion that is used internally by the forest 

sector (e.g., to supply heat for drying) and the portion that is used outside the forest sector by the 

energy sector.   

 

As with products in use and disposal, the “store” of carbon related to energy generation will need to be 

modeled.  Store is placed in quotes because while this store exists in theory it cannot be inventoried 

because it could be in different forms and in different places.  The “store” related to this use of 

harvested carbon can be viewed as the fossil carbon that is not used or displaced.   

 

The input to this “store” is calculated from the amount of woody-derived carbon used multiplied by a 

displacement factor, that is the amount of fossil carbon not used.  The displacement factor depends on 

several factors including the form of the fossil carbon displaced (i.e., coal, natural gas, oil), the degree 

other forms of energy are displaced (hydro, wind, solar), the energy required to use the fuel, and the 

efficiency of energy generation.  While losses in transportation could also be considered, these would be 

assumed to be accounted for in the energy sector.  Sources of woody-derived energy would be direct 

harvests for this purpose, manufacturing, and disposal resulting in energy recovery.   

 

In the traditional calculation system it is assumed that the displaced fossil carbon is never used by others 

in the energy sector.  It is highly unlikely that is the case as there is no mechanism to prevent the use of 

this fossil carbon.  Although future loss no doubt occurs, the rate of these losses are not well 

understood.  The best that can be done at this point is to test how sensitive the “store” of energy 

related substitutions is to a range of loss rates.   Since the timeline of loss is not well understood, at this 

point the loss can be modeled based on the anticipated maximum lifespan of fossil carbon that is 

displaced (e.g, 100 years means 3% is lost each year once displacement has occurred).  

 

There are two major sources of uncertainty related to woody-based energy.    The first is model 

prediction uncertainty related to estimation of the displacement factor, which probably ranges from a 

low of 0.1 to theoretical maximum of 0.9. Further analysis will likely reduce this range, however, it is 

likely that it will still differ by at least a factor of two.  The second is model selection error stemming 

from the differences in how losses are treated (none versus a gradual loss).  Both are likely to have very 

strong influences on the value of this store.  If losses are considered, then another source of uncertainty 

will be related to the need to “spin-up” the current “store”.   



 

Product Substitution 

   

There is considerable debate about the possible size of the product substitution “store”: it could 

eventually form the largest forest sector store or it could be a relatively small part of the forest sector.  

As with woody-derived energy, the “store” is in the form of unused fossil carbon.  However, the form 

and location of this fossil carbon is not known.   

The mechanism of input to this “store” is related to the use of wood-based products that replace other 

products with higher embodied energy (i.e., the energy used to make the product).  This substitution 

process therefore displaces some fossil carbon that is not used (at least for some period of time).  There 

are a wide range of values for the displacement factor (negative as well as positive values), however, an 

average of 2.1 Mg fossil C per 1 Mg  wood C used is commonly used.  It is not clear that the 

displacement factor remains constant over time, particularly as manufacture of non-wood products 

become more energy efficient and/or the type of fossil carbon used changes.  As with energy 

substitution, the displacement factor is influenced by the product that is substituted for; the usual 

assumption is that concrete is the product serving as the comparator.   

There is substantial disagreement over whether product substitution “stores” are subject to losses.  

Typically product substitution assumes no losses and that the displacement is permanent.  However, it is 

not clear what the mechanisms are that would prevent other sectors, such as energy, from using the 

fossil carbon that is displaced.  It is also not clear why the displacement duration would not be tied to 

the lifespan of the products.  Product lifespan is not an issue for energy substitutions because energy is 

the product. In the case of product substitution there is product separate from energy.  Moreover, 

assuming that the displacement is independent of the product lifespan effectively means the product 

has an infinite lifespan.  This assumption therefore creates a fundamental logical conflict: products 

cannot have both a finite and an infinite lifespan.  Since there is little agreement on losses, any 

estimates of product substitution “stores” needs to include both sets of loss assumptions.      

The uncertainties related to product substitution stem primarily from model selection uncertainty and 

results in orders of magnitude differences in estimates.  Additional uncertainty is related to model 

prediction uncertainty, primarily related to the value of the displacement factor and the time required 

for other sectors to use displaced fossil carbon.    


