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Abstract: 

This project was created from the perspective of a family forest owner who initially was very 

confused about many aspects of carbon sequestration and the idea of generating revenue from it. A gap 

in the educational tools available surrounding carbon sequestration has been identified by multiple 

studies [1, 50, 51, 52] and the necessity for a hands on project that can be understood by the average 

family forest owner, was apparent. This project aims to provide basic knowledge about carbon 

sequestration, which can be taken in by an average family forest owner, with hope that this knowledge 

could then be used to make more educated decisions about participation in carbon sequestration 

markets.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 

I. Intro  

 Ecosystem services are benefits supplied to humankind through various resources and processes 
driven by ecosystems; i.e. clean water, clean air, pollination, biodiversity, decomposition. Many of these 
processes and resources exist on private forestlands. Ecosystem service markets are being developed as 
mechanisms where both the planet and private landowners can benefit from conservation of these 
resources. Family forest owners have been found to be likely participants in ecosystem service programs 
due to their management flexibility, diversity of goals, attachment to “place”, human capital, and 
geographic/temporal scale [1].  

  In the continental United States, nearly 11 million family forest owners control close to 102 
million hectares of forestland [2]. This is 35% of the total forested area in both the public and private 
sectors [64]. Recent studies have found that family forest owners  who are financially dependent on 
timber harvest returns from their land make up only 9-11% of all family forest owners nationally [3, 44] 
and in Oregon only ~26% own forestland with timber production being the primary reason for 
ownership [45, 64]. Changing forest products markets, driven by the worldwide recession of the past 4 
years [65, 66]; have created financial obstacles for many family forest owners who depend on revenue 
flow from their tree farms. Studies have shown that family forest owners are turning towards alternative 
management goals including land investment, conservation, providing for recreation, passing land on to 
children, and scenic value [3, 45]. Alternative management goals, the ups and downs of the forest 
products sector, and worldwide concern about and response to environmental degradation, all support 
the potential for ecosystem services markets amongst family forest owners, who are collectively looking 
for new ways to create revenue from their land. Ecosystem service markets, especially carbon 
sequestration credits, present landowners’ different opportunities to create revenue from various assets 
on their properties. 

 Carbon sequestration in forests is reported to have positive effects on the reduction of 
atmospheric carbon dioxide. A recent study estimated forests, urban trees, and wood products are 
responsible for 65-91% of the total terrestrial carbon sink in the United States [4].  Many forest 
management activities can affect the primary exchange of CO2 between land and the atmosphere. 
Measuring the net carbon flux, the amount of carbon transferred (gained or lost) from one carbon pool 
to another [46], in forested areas is a key component to understanding the overall effects human 
activities are having on this cycle. Retaining forest biomass or storing wood in stable products offers the 
opportunity to counteract increased inputs of carbon into the atmosphere from other human activities. 

  Urbanization [67], deforestation (18% decrease in forested lands worldwide from 2000-2005 
[47]), demands for forest products, and earths’ growing population (1.1% growth annually in 2009 [48]) 
have all put a premium on forested land. It is estimated that forests world-wide currently store 800 
billion tons of carbon in trees and soil; and by the year 2050, up to 87 billion additional tons of carbon 
could be sequestered in the world’s forests [5]. This will require landowners to increase their growing 
stock through afforestation, increase their storage of carbon per acre through longer rotations, and 
commit to more intensive management practices [6]. Due to the high expectations and sense of urgency 
the scientific community has put on conservation of forests for the purpose of increasing worldwide 
carbon sequestration, increasing forests contribution to carbon uptake and storage has grown into one 
of the most advanced and promising of the ecosystem service markets. Scientists, economists, and 
foresters agree that if carbon continues to accumulate in the atmosphere at current rates, the rental 
price for carbon sequestration will increase over time [7].     
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A. Purpose of Project- Carbon Sequestration on Family Forestlands 

 Markets for forest products and forest based resources fluctuate with various sectors in the 
local, national, and global economy. During dips in the economy family forest owners struggle to 
maintain ownership of forestlands, practice “good” forest stewardship, and follow management plans. 
Generating alternative sources of income from private forests may be crucial part of keeping these 
forestlands in family forest owner’s hands and allow them to practice good forest stewardship. The 
understanding, participation, and patience of family forest owners are what will make emerging 
markets, such as carbon, in the ecosystem services marketplace work.    

 The idea for this project came from gaps in knowledge surrounding the measurement of carbon 
sequestration on family forestlands in Oregon, as well as meeting the goals of the Elizabeth Starker 
Cameron Demonstration Forest management plan. The Cameron Forest is a demonstration forest to be 
used to educate about issues and practices concerning family forest owners. Demonstrations of carbon 
sampling do exist on private lands, such as on Ken Faulk’s [49] tree farm, but no such project exists on a 
publically accessible forest. This project is a perfect addition to the Cameron Forest, fitting with its 
management plan and goals.  

 This project was designed to: 

 a.  Increase the knowledge base of family forest owners surrounding carbon sequestration and 
future carbon markets by providing the framework for sampling biomass/carbon storage in a way that 
can be understood by the average family forest owner.   

b.  Examine differences in carbon uptake, storage, and flux on different forest and management 
systems practiced by family forest owners in Oregon. 

 c.  Create a demonstration of carbon sampling on these different forest and management types. 
The project will utilizes four types of media to illustrate its message; a written manuscript, a website, on-
site kiosks, and a field tour. By using multiple media sources we hope to reach different types of family 
forest owners.   

This project will be measuring levels of elemental carbon sequestration and storage in trees and 

other components of the forest. To trade carbon a landowner must convert these carbon levels, through 

mathematical calculation, into a carbon dioxide equivalent, which is a metric unit of measurement used 

to compare the emissions from different greenhouse gases based on their GWP (Global Warming 

Potential) [68]. These carbon dioxide equivalents can then be sold as carbon credits in various carbon 

markets.  

i. How could carbon markets benefit family forest owners? 

 Carbon sequestration markets are some of the most advanced ecosystem service markets 
currently in operation. Globally, carbon credits are bought and sold in compliance markets, meaning 
that laws are in place that requires polluters and consumers of energy, to purchase carbon credits to 
offset damages to the environment caused by their actions. The European Union (EU) began phase 1 of 
its compliance market in 2005; 25 of 27 nations are participating in a program that covers 46% of the 
EU’s carbon dioxide emissions [53]. In the United States carbon trading is limited to voluntary markets. 
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The standards of these U.S. markets were originally set by voluntary markets driven by state legislatures 
(Illinois-VOC [54] and New York-RGGI [55]) in the early 2000’s, and then by the Chicago Climate 
Exchange (CCX) in 2003, when carbon credits could first be bought and sold in a free market 
environment. After peaking in May/June of 2008 when a metric ton of carbon (Mg C) was being traded 
on the CCX for $7.35, the market collapsed reaching an all-time low of $.05 for an Mg C, where it sits 
today in June of 2011 [23]. After the recent collapse of the CCX, new standards for voluntary carbon 
trading had to be written. Organizations such as CARR (California Climate Action Registry) /CR (Climate 
Registry), FCS (Forest Carbon Standard), VCS (Voluntary Carbon Standard), and ACR (American Carbon 
Registry) are working globally and locally to establish standards for voluntary carbon trading to 
accommodate the needs of landowners and potential buyers. In 2011, L&C Carbon developed and had 
approved a new protocol following the ACR standards which will simplify family forestland owner 
participation in ACR projects [91]. Research has shown that most of the private forestlands in the United 
States are in the form of small, privately held ownerships (61 % of all family forest owners own ≤ 10 
acres [44]), making the supply of carbon offsets and the success of carbon markets in the United States 
greatly dependent on the willingness of family forest owners to participate [9].  

 Today’s carbon markets in the U.S are in a “pre-compliance” market environment; there are no 
laws in place requiring polluters to purchase carbon credits when they pollute. But a cap and trade 
system similar to those found in many other countries may be on the horizon [74]. This is a market-
based approach used to control pollution by offering incentives to companies who pollute less or are 
under their cap. The cap is a limit on the amount of pollution that can be emitted by a company set by a 
governmental entity; these limits are converted into carbon credits at rates that vary among industries.  
Companies that must emit pollution levels which exceed their cap are required to trade or purchase 
additional carbon credits from those who pollute less or are sequestering carbon out of the atmosphere 
[24, 56, 57]. This system theoretically should keep the overall allowable level of pollution stable while 
rewarding “greener” companies and those who are sequestering carbon back out of the atmosphere. If 
laws are written and we shift into a compliance market system in the United States, with cap and trade 
laws in effect, landowners who are prepared to trade their carbon on the open market stand to prosper 
from their prior investments of time and money. Examples of the regulatory drivers behind compliance 
markets in the U.S. include; the Clean Water Act sec. 404 [10] which is the foundation for many aspects 
of wetlands mitigation, and Clean Air Act Amendments of 1990, Title IV [58] was the foundation for the 
SO2 emissions (acid rain) trading in the 1990’s. Locally, Oregon State legislature has established its first 
policies surrounding ecosystem services, in the form of Senate Bill 513. Results from the bill were, 
recognition of ecosystem services/markets by the State of Oregon, establishment of policy ecosystem 
services, legislative findings on ecosystem services, encouragement towards state agencies to take 
actions regarding ecosystem services/markets, and the appropriation of money from the general fund to 
start an ecosystem working group [67].  

 Some family forest owners are initially drawn to carbon markets by the possibility of economic 
return from their property without having to harvest their trees. Other non-monetary benefits of 
marketing carbon must also be considered by family forest owners when weighing the pros and cons of 
selling carbon. Since the majority of family forest owners are managing their lands for reasons other 
than timber production [44], these payments and residual benefits could become a welcome source of 
new income. Entering carbon marketplaces and joining carbon aggregators requires a baseline inventory 
that meets market standards on all properties involved in carbon payments. These inventories are a 
valuable asset to landowners and often lead to the creation of management plans or help in certification 
processes. Small payments periodically obtained through the carbon sequestration markets may help to 
pay the property taxes and other liens on the property, enabling some landowners to maintain 
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ownership of their property. 

  Keeping family forestlands in the ownership of private families is seen as a priority, on the 
agendas of many conservation based groups. Urbanization in the WUI (Wild land Urban Interface) and 
forest sector is considered by many as the greatest threat to our forests. “Conversion, fragmentation, 
and parcelization are reducing the number of forested acres, increasing the number of owners, and 
complicating the management and future of these landscapes [69].” Research looking into the options 
family forest owners are facing (timber harvest, enrollment in current use tax programs, and sale of 
conservation easements) has shown that the sale of conservation easements offered by ecosystem 
service markets may be a critical for maintaining ownerships in areas with increasing property taxes and 
land values [69]. Oregon’s high property taxes, fluctuating timber prices, growing population, and a 
demand driven spike in prices for homes sites on the urban fringe, have pushed some family forest 
owners into selling their land to developers. Although land use planning has helped curb this trend, 
further government funding is needed for programs surrounding carbon sequestration, ecosystem 
services, and other conservation strategies. Without the emergence of new payment strategies and 
benefits for family forestland owners, Oregonians may begin to see decline in the number family 
forestland owners. A national survey of woodland owners in 2008 reported that 14% (1.4 million out of 
10.2 million) of family forest owners in the United States plan to transfer or sell their land in the next 5 
years [70]. 

ii. What are some factors that prevent family forest owners from entering 
carbon markets? 

 The lack of a robust market for selling carbon or carbon equivalents is the primary reason 
behind the low levels of family forest owner participation. Other barriers also exist between family 
forest owners and carbon sequestration markets. Even though participation of family forest owners has 
been identified by scientists, economists, and policy makers as an essential part of these markets’ 
success [71, 72, 69, 50], levels of participation in these carbon aggregation groups have been very low to 
date. Participation in carbon sequestration markets requires the family forest owner to obtain a baseline 
assessment, a management plan, some form of certification, to understand numerous new terms (i.e., 
“additionally”, “leakage”, “permanence”, “sequestration”…), to commit time, and to believe in the 
reality/stability of carbon markets. In current markets, high “up front” transaction costs for inventory, 
compliance, and verification, necessary for participation, have become a major barrier for many already 
financially cautious family forest owners [8]. New and reorganized carbon aggregation companies such 
as Woodlands Carbon Co. [25], L&C Carbon [92], and Carbon Tree LLC. [26], are working towards 
keeping costs at a minimum, creating a stable income flow, and creating longer term relationships with 
landowners. These new, refocused companies are counting on the continued growth of voluntary 
carbon sequestration markets, the recognition of new standards (ACR, CARR), and the future 
implementation of regulation, i.e. cap and trade.  

 Another barrier between family forest owners and the success of carbon markets in places like 
the Pacific Northwest is the inability for family forest owners to market larger trees. Scientists are 
finding that, “Carbon density can be increased by using longer rotations or reducing the amount 
harvested each time to allow forests to accumulate more carbon” [11, 7]. A 2011 study in the Pacific 
Northwest using inventory and remote sensing data has shown that current carbon storage on forested 
lands is reaching only half of its potential and if forests were allowed to grow and accumulate carbon 
the region could see a 15% increase in storage over the next two decades [12]. Family forestlands are 
seen as areas of high potential for increase in carbon stores due to the younger age classes that 



9 

dominate them. With the decrease in timber harvest on public lands during the 1990’s, came numerous 
mill closures and a shift in demand from larger diameter logs to smaller diameter logs.  In today’s 
market, only a few mills will pay a premium for larger logs. For family forest owners to extend rotation 
ages, either a healthy market for these larger diameter logs must be created, or landowners must be 
subsidized for delaying harvest to increase on site carbon stores [11]. Increasing the levels of 
participation of family forest owners in carbon sequestration markets will take some adjusting, 
instructing, and guidance to accomplish.  

iii. How does the Cameron Carbon project fit in with goals of the Cameron 

Forest? 

Carbon sequestration and carbon markets are at the forefront of agendas looking into 

ecosystem services as new sources of revenue for family forest owners. The Cameron Forest is intended 

to be used as a demonstration forest for new and innovative ideas for family forest owners. This project 

gives family forest owners a place to both spatially and temporally, see how levels of carbon 

sequestration/storage would be measured, monitored, and, verified on their own properties.  

B. Description of Cameron Forest 

i. History 

The Elizabeth Starker Cameron Demonstration Forest or Cameron Forest is a 260 acre tract of 

forest, located in the Soap Creek watershed NE of Corvallis, Or. The forest was given to the Oregon State 

University College of Forestry by the Starker family in 1995. It was a recently harvested piece of land 

acquired by the Starker family in 1952 and a part of the Starker family tree farms from 1952-1994 [13].  

 The Starker’s are fourth generation family forest owners. Starker Forests Inc. manages their 

land for the long term health of their forests, family, and their community [27]. The Starker family has 

led the way for other family forest owners with their resource stewardship, donations to the 

community, and dedication to the innovation of forestry. The Starker family personifies diligent tree 

farm management through meticulous management planning, site preparation, harvest, and 

reforestation [27]. The Starker family is known across Oregon and the NW as a leader in family forest 

management. 

The property was initially donated to the School of Forestry for three specific reasons: to 

generate 1 million dollars from timber harvest to support the renovation of OSU’s valley library, to be 

managed as a demonstration of good family forest stewardship, and to provide the OSU school of 

forestry a source of income to create and support a new program in family forestry within the college of 

forestry [13]. In 1995-1996, 62 acres were clear-cut harvested on two units to generate the 1 million 

dollars needed to support the library project. In 1998, John Bliss was appointed the Starker Chair in 

family forestry, a first step in creating the family forestry program within the collage [13]. In 2000, an 

advisory committee was created from OSU faculty, family forest owners, and Soap Creek residents. This 

group was given the task of creating a management plan, long-range goals, and obtaining a 

comprehensive inventory of the Cameron Forest [13]. 
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ii. Management Goals 

Due in part to the Cameron Forests focus on demonstrating innovative management techniques 

common to or possible for family forestlands and their owners, it is managed separately from the other 

OSU college forests. Four guiding principles were created for the forest following the desires of the 

Starker family, the needs of family forest owners, and needs in the OSU College of Forestry: 

stewardship, education, participation, and “good neighbor” [13]. These principles helped the committee 

formulate long term goals for the Cameron Forest which are to maintain a sustainable working forest 

ecosystem, to demonstrate active family forest management, to apply innovative forest management 

techniques, generate sources of income, and strengthen the relationship between family forest owners 

and the OSU College of Forestry [13]. 

The management plan for the Cameron Forest was designed to focus on the education of 

current and future family forest owners through the demonstration of good private forest stewardship, 

experimental management alternatives, and the periodic harvest and sale of forest products to fund 

educational programs at OSU that support private and family forest ownership [13]. The Cameron Forest 

provides the OSU School of Forestry and the Benton County community of family forest owners a place 

to learn. Since 1998, when John Bliss was appointed Starker Chair, many positive steps have been taken 

on the Cameron Forest to achieve its goals: an advisory committee was formed, a trial of 3 uneven aged 

thinning approaches was implemented on 75 acres of the tract [28], innovative road building techniques 

were used to construct 1.3 miles of new road [59], and an area affected by a windfall event was 

harvested. Alternative regeneration trails have been established, and extension tours and OSU forestry 

courses are using the Cameron Forest for educational purposes. It is also providing graduate students an 

area to conduct research outside the Mac Dunn Forest [13].  

Action on the Cameron Forest has been limited since 2004 because of the depressed economy, 

cutbacks within the College of Forestry harvesting program, and other challenges. Most recently, a 

public mountain bike trail has been proposed to run through the Cameron Forest, and we are looking at 

integrating our informational kiosks on carbon sequestration with the mountain bike trail. Future 

changes within the school of forestry may bring more priority to the Cameron Forest and other satellite 

forests in the years to come.   

Moving forward on the Cameron Forest, new management practices should be considered that 

mimic possible upcoming situations for family forest owners on their own lands. Ecosystem services, 

biomass, non-timber forest products, urbanization, and recreation opportunities are all options that 

many family forest owners are looking at as possible new sources of income from their forest lands. The 

future success of family forest owners may depend on their knowledge and education about these new 

sectors and possibilities for revenue from forested land. Attempting to integrate these new strategies 

into the management of the Cameron Forest should be a priority.    
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iii. Map/ Project Layout 

Cameron Tract-Section- 3, 4, and 34 

Township- 11 and 10, South,  

Range- 5, West 

W.M. Benton County 

Map 1- Location of Cameron Forest 
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The accessibility of the Cameron Forest to OSU School of Forestry, the city of Corvallis, and 
Benton County makes it a very favorable location for projects like this one. A pre-existing road system 
(Map 2) gives good accessibility to the project making conditions for measurements, verification, and 
workshops ideal. 

Map 2- Cameron Roads  
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 The project area consists of 65 hectares or 162 acres of the Cameron Forest. These forest types 
were chosen for their diversity and similarity to forest types found on typical family forestland in the 
foothills of the Oregon Coast Range. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map 3- Sample Frame and Stratification Layers- This project looks at carbon storage levels and flux on 5 forest types with 
different management strategies applied to each.   

Table 1- Sample Frame and Stratification Layers- 65 total ha/162 total ac 

Primary Strata: Forest types 

1-Plantation ~15 year old DF- 14 ha/ 36 ac 

2- Uneven aged thinned ~35-90 year old trees - 31 ha/ 75 ac 

3- 35 year old plantation and oak woodlands/ restoration- 3 ha/ 7 ac 

4- Recently harvested (2004) patch of wind disturbed timber- 7 ha/ 17 ac 

5- Well-stocked 65 year old, mostly Douglas-fir- 11 ha/ 27 ac 

Secondary Strata: Management units  

2a- Individual tree selection- 6 ha/ 14 ac 

2b- Free selection- 11 ha/ 27 ac 

2c- Group selection- 14 ha/ 34 ac 

3a- Overstocked 35 year plantation- 2 ha/ 4 ac  

3b- Oak restoration w/ encroaching DF- 40-50 year old - 1 ha/ 3 ac  
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1- Plantation ~15 year old DF - 14 ha/ 36 ac 

This plantation was planted in 1995, with mixed species of seedlings. The majority of the stratum is 
planted in Douglas-fir. Test plots of were planted with giant sequoia and ponderosa pine. Pockets of 
hardwoods are scattered across the strata [19]. There was more variation within this stratum than 
anticipated, which made estimating the variance difficult, even after taking pilot plots.  

2- Uneven aged thinned ~35-90 year old trees - 31 ha/ 75 ac 

This stratum is the largest area within the project; it consisted of a large stand of merchantable 
timber before it was thinned in 2001. The merchantable trees in the stand range from 35 to 90 years 
old. Patches of mixed hardwood and pre-merchantable conifers are scattered throughout the stand 
[19]. Due to the value of the stand and its high variability, this area was chosen for an uneven-age 
management thinning trial in 2001 [28]. Cameron Forest managers believed a partial cut would increase 
the stocking of conifer seedlings in the gaps and understory, while bringing in revenue from and 
increasing the volume of the merchantable timber. Bill Emmingham, a forester and professor at Oregon 
State University, who developed the idea for the thinning trials, creating three thinning types individual 
tree selection, free selection, and group selection [28] (Map 4). Emmingham believed that together the 
thinning types formed a matrix ideal for trails focusing on converting stands to uneven aged structures 
[28]. This thinning trail is directly on track with the Cameron Forest management plan and may prove to 
be very pertinent to family forest owners looking at the same issues going forward. 

 In the Cameron Carbon Project, thinning types were used as stratification layers. Each type 
became its own stand. This stratification allowed us to look at the effects the different thinning types 
had on carbon storage over the past ten years.  

2A- Individual Tree Selection- 6 ha/ 14 ac 

This stand runs north/south along the east line of the unit, along Soap Creek Road. The main 
objective for this area is to maintain a visual barrier between the road and the rest of the Cameron 
Forest. The thinning favored cutting single trees that released understory and mid story trees, or created 
small gaps for regeneration [28]. The small gaps were then planted with Douglas-fir along the road 
where light was adequate, and with shade tolerant species, western red cedar and grand fir, away from 
the road [28]. 

2B- Free Selection- 11 ha/ 27 ac 

This stand is in the middle of the project area. This prescription is an opportunistic approach to 
converting a stand to uneven aged management [28]. Free selection thinning is controlled by the 
current condition of the stand and looks to improve the distribution of the conifer growing stock across 
the area. Large patches of hardwoods were cleared to create opportunities for regeneration. Advanced 
regeneration was released. Areas with uniform tree growth were thinned to promote growth of the 
residual trees. Gaps larger than 1/20th of an acre were planted in Douglas-fir and natural regeneration 
was encouraged where possible [28]. 

2C- Group Selection- 14 ha/ 34 ac 

This stand is on the west edge of stand 2 (Cam 2). Although mostly large conifer this stand 
contains 3 islands of mixed hardwood and mixed conifer [19]. The objective of this thinning was to 
create a patchy uneven aged stand [28]. These gaps are from .5 - 2 acres. The two large gaps on the 
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stand are ~1.5 acres. Guidelines of ¼ of the stand area (3.3 ha) was designated to group openings and 
the stand was thinned to ~150 sq. ft. BA [28]. Existing hardwood patches and openings were used as 
gaps and when necessary, expanded. The larger gaps were planted favoring Douglas-fir and the smaller 
gaps favoring western red cedar and grand fir [28].  

 This “gap” thinning is getting a lot of attention from scientists and forest owners. Its emulation 
of natural cycles of the Pacific Northwest, i.e. presence of laminated root rot, bark beetles, success of 
shade tolerant species, and wind events, has many people looking at it as a possibility future for timber 
harvesting [73, 74]. Looking at the change in carbon storage pre and post-harvest in this stand may hold 
value going forward. 

3- Well-stocked 35 year old plantation and oak woodlands/ restoration- 3 ha/ 7 ac 

 Stand 3 contained two distinct forest types, which were post-stratified [17] into 3A and 3B after 
the sampling.  

3A- Well-stocked 35 year old plantation- 2 ha/ 4 ac 

This stand is a uniform, un-thinned Douglas-fir plantation that has been neglected for years [19]. 
There is no understory vegetation and barely any light reaches the forest floor. The stand is in need of 
management. 

3B- Oak woodlands/ restoration- 1 ha/ 3 ac 

This stand is a mixture of Oregon white oak and big leaf maple, with 40-50 year old encroaching 
Douglas-fir [19]. It is a typical oak woodland for the foothills the Willamette valley and a candidate for 
oak restoration thinning [60]. It is debatable whether restoration thinning would help to restore this 
stand to its historical oak woodland status or weather the Douglas-fir encroachment, fueled by the lack 
of periodic wildfire in the area, has progressed so far that the oak ecosystem will not recover once the 
Douglas-fir trees are removed. This landscape is common to many family forest ownerships in this area. 
Monitoring the carbon sequestration and storage levels on these forest types could lead to greater 
conservation and restoration of these disappearing landscapes.  

4- Recently harvested (2004) patch of wind disturbed timber- 7 ha/ 17 ac 

 This area was a variably stocked stand of 50 - 60 year old conifers and patches of hardwoods, 
until 2004 when a strong wind event knocked over a large amount of merchantable timber. The 7 ha, 
most heavily damaged by the wind event, located along a tributary of Soap creek was clear-cut 
harvested. Managers feared that if left standing the remaining timber would be even more vulnerable to 
the next large wind event. The stand is now a 5 year old plantation of mostly Douglas-fir, with heavy 
brush and large stumps scattered throughout. 

5- Well-stocked 65 year old, mostly Douglas-fir- 11 ha/ 27 ac 

 This stand is a uniform stand of Douglas-fir and grand fir, with scattered patches of hardwoods 
throughout. The stand was commercially thinned 25-30 years ago [19]. It represents what tree farmers 
are striving to grow and could be harvested at any time. Monitoring carbon storage on a valuable stand 
such as this is important to family forest owners looking into the costs and benefits of being paid for 
conservation. 
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Map 4- Bill Emmingham Thinning Matrix 

 

II. Methods- How the data was collected and what methods were used? 

This project used data collection methods that might prove beneficial in lowering the costs of 

participation in carbon markets for family forest owners. Various methods field measurement, 

estimation models, and sampling strategies were compared. Comparisons of the different methods 

allows for the ability to adjust them into a strategy that fits the limitations, capabilities, and needs of 

family forest owners. Cost, time, precision, accuracy, allowable error, and efficiency were all considered. 

The goal was to create a sampling methodology that was cost effective, met precision goals, could be 

understood by an average family forest owner, and was adaptable to various circumstances found on 

family forestlands.    

“Carbon inventories are in effect ’snapshots’ of carbon stored at the time of inventory…” [14]. 

One objective of this project is to create a precise, cost effective sampling design that will provide a 

framework for baseline carbon measurements and a monitoring system for net carbon flux, in five 
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vegetation types found in the Cameron Forest and common to many family forestlands in the foothills of 

Oregon’s Coast Range (Map 3). Many methods of measuring net carbon flux in forests begin with forest 

inventory data, derived through statistically based surveys, which estimate carbon stocks, and carbon 

stock estimates made with models from similar pools of data [4].  

The sampling design for this project was created using biometric principles. “Forest biometrics 

applies mathematics and statistics to efficiently analyze and quantify past, present, and future attributes 

at all three levels…” [15]. Biometric principles attempt to find the minimum sampling levels that create 

the most precise and accurate estimates of the population as a whole. These principles are applied in 

forestry with the ultimate goal of obtaining accurate data at the desired precision level, at the lowest 

cost to the landowner. Although the application of biometric principles is based on mathematic 

principles, each prescription is case specific and is often altered to fit the goals of the sample, the 

attributes of the forestland, and the objective of the landowner. Using biometric principles, a forester 

can balance a landowner’s desired budget with the acceptable precision level to create a sampling 

method that meets desired standards. 

Forest biometric techniques are becoming more and more important to the development and 

support of carbon markets. “FMB (Forest Measurement and Biometrics) offers valuable information for 

decision making because it provides quantitative measures of current resources, means to compare 

differences between alternative experimental resource treatments, and methods to project future 

outcomes of management practices” [15].  Minimizing costs and optimizing landowner benefits is the 

key to the success of current voluntary carbon markets [61]. Using biometric sampling techniques 

foresters can obtain and monitor biomass data more efficiently, with fewer plots, at less cost to the 

landowner.    

A. Stratified Systematic Sampling Technique 

i. Goal: Minimize Costs and Optimize Landowner Benefits 

With the goals of the project in mind, four sampling methods were considered for the design: 1) 

complete sampling method- commonly used only in small stands, 2) simple random sampling- often 

used if little is known about a stand, 3) systematic sample- as variation of carbon levels within a strata 

increase, systematic sampling increases the effectiveness and precision, and 4) stratified 

systematic/random sampling- gives the most precise estimates where costs are a constraint [16]. 

Stratified systematic/random sampling was the best fit. 

Stratified systematic sampling is commonly used to inventory areas that are not homogeneous, 

meaning that the population being sampled is of different; ages, species, or site classes. The forested 

area being sampled is then divided into subpopulations or strata, which are broken up by similar 

characteristics.  When sampled separately each population or strata will give estimates with smaller 

standard errors than if sampled as a whole [17]. Stratification maximizes precision, minimizes cost, and 

creates data on individual strata (subgroups). In a recent workshop, put on by Woodlands Carbon LLC., 

for carbon pool participants, landowners found that when using stratification techniques, plot numbers 

necessary to meet voluntary market standards were 20% less than when stratification techniques were 
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not applied [62]. Stratification of stands on family forestlands is vital to keeping the costs of inventories 

manageable. 

Random or systematic stratified sampling could be used to obtain similar results. The most 

unbiased method is always a completely random sample of a population, which can be obtained 

through statistical methods. This design used the systematic method where the initial sampling unit is 

randomly selected or arbitrarily established on the ground; from there plots are mechanically spaced at 

uniform intervals throughout the population or strata [16]. This method makes plots easier to locate on 

the ground and creates an appearance that they are more representative of the entire population. Both 

attributes are attractive to landowners.   

ii. Efficiency 

  “Gains in efficiency can be realized if the CV (Coefficient of Variation) in each stratum is less 

than the CV for the entire ownership” [18]. Each stand must be more homogenous than the entire 

population.  A drawback to the stratified systematic method is the difficulty of estimating the variance 

or SE of a single sample, which may lead to bias. The estimations of variance in this project were made 

from a 2000 inventory taken on the Cameron Forest [19]. These estimates of variance were very low due 

to the thinning projects and wind throw that have occurred over the past ten years. There is much more 

variation across the Cameron Forest today than there was in 2000. In retrospect, as a recommendation 

for future studies where forest management or natural events have occurred on a project area over the 

time span of the project, a more accurate variance estimate could have been obtained by taking pilot 

plots in each of the strata [16]. 

 Biometrics looks at ways of sampling where time, accuracy, and expense are all accounted for. 

The level of precision for carbon inventories required by different carbon aggregators/ standards has a 

direct effect on the costs of inventories. Going forward this precision must be carefully chosen by carbon 

market standards to fit the constraints of landowners. In the past, carbon markets have struggled in-part 

due to the high front end costs necessary to meet carbon market inventory requirements, i.e. CAAR [63]. 

iii. Testing Necessary Plot Numbers 

 Both the proportional plot allocation method (area) and Neyman plot allocation method (area 

and variance) were considered when calculating the minimum number of plots necessary to accurately 

represent the project area at the required AE (Allowable Error). AE is the desired or required range of an 

estimate, commonly reported as a percentage [17].  Between 10-15% AE is used by most carbon 

standards in the current voluntary market, depending on the variation and goals of the standard. The 

CCX required a ±10% AE with a 90% CI to meet market standards [18] and the research based models 

from the HJA (HJ Andrews Experiential Forest) carbon workshop suggest a ±7-8% AE with a 95% CI [20]. 
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Figure 1- Minimum Plot Allocation @10%, 15%, 7% AE- Proportional [17] 

85 plots=2.352*[(.22*4070.44)+(.09*4134.49)+(.17*4134.49)+(.21*8817.2)+(.02*3956.41)+(.02*5402.2)+(.10*198.8)+(.17*9584.41)]/  

102+2.352*[(.22*4070.44)+(.09*4134.49)+(.17*4134.49)+(.21*8817.2)+(.02*3956.41)+(.02*5402.2)+(.10*198.8)+(.17*9584.41)/1620] 

AE=15%=39 plots= 54% less plots 

AE=7%=164 plots= 48% more plots 

 

Figure 2- Minimum Plot Allocation @10%, 15%, 7% AE- Neyman [17] 

76 plots =2.352*[(.22*63.8)+(.09*64.3)+(.17*64.3)+(.21*93.9)+(.02*62.9)+(.02*73.9)+(.10*14.1)+(.17*97.9)]2/ 

102+2.352*[(.22*4070.44)+(.09*4134.49)+(.17*4134.49)+(.21*8817.2)+(.02*3956.41)+(.02*5402.2)+(.10*198.8)+(.17*9584.41)/1620] 

AE=15%=35 plots= 54% less plots 

AE=7%=147 plots= 48% more plots 

 

These formulas are used as starting points for the optimal number of plots for a given situation 

to achieve the goals of a project at the lowest costs to the landowner. At the beginning of this project 

only 4 strata were included the project area. As the project evolved, the 5th strata and the sub groups 

were added. The initial estimate of 85 plots across the 5 strata obtained from the proportional 

allocation method was relatively close to the 86 actually taken. The AE for both allocation methods 

raised (15%) and lowered (7%) to see how significantly it would raise and lower the plot numbers. The 

plot numbers required to meet AE standards fluctuate significantly with small changes in percentage 

(Figure 1 and 2). Without the consideration of variance within each stratum, precise estimates for 

minimum plot numbers are difficult to obtain. With more recent variance estimates for each stratum 

and sub-group, the Neyman allocation method may have provided the best estimates [17].    

More than the minimum number of plots were taken to be sure that inventory data sufficiently 

represented the project area and to study the differences in statistical results when more or less plots 

were included in the inventory data. The systematic random sampling started in the NE corner of each 

stand, 1.5 chains from the boundary line. The plots were spaced ~4 chains N/S and ~2 chains E/W, there 

was some expected variation in the spacing but overall the sampling was true to the design. Stand, Cam 

1, was an exception; the unexpected higher variation within the stand and large area of the stand 

caused a need for some changes in the sampling strategy. Plot locations were chosen that represented 
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the stand as a whole. Again these are decisions that are commonly made in real world sampling 

scenarios and are the source of some bias. 

Map 5- Actual plot numbers used- 86
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B. Plot Design 

Cost, variance, precision, accuracy, data collection time, and plot sizes were all factored into this 

plot design. 20% more plots were used in strata 2 and 3 to ensure that the minimum plot requirement 

could be met for the next sampling period. These extra plots were not added in strata, 1, 4, and 5 due to 

the low variance, young age of the trees, and added expense.  

i. Dimensions of Plots 

This project utilized two measurement techniques so comparisons could be made addressing 

the different methods and the models associated with them. The two sampling methods were a 

combined variable/ fixed radius sampling method [18], used by the FVS model and a fixed radius 

sampling method [21], used by the HJA model. The combined method measured trees  > 5" DBH using a 

variable radius method and trees < 5" DBH using a 1/100th acre (.004046 ha) fixed plot area. The fixed 

plot size is chosen by the anticipated density of the small tree component, if a denser small tree 

population is predicted and smaller fixed area plot could be used i.e. 1/250th of an acre (0.000161 ha). 

The BAF (Basal Area Factor) was chosen for each stand that rendered 5-8 trees per variable plot [21]. 

The fixed method used a 1/50th acre (.01 ha) plot to measure young forest stands and a 1/20th acre 

(.00225 ha) plot to measure older forest stands [20]. Both sampling methods count trees by species and 

diameter class when heights are similar, especially smaller trees (Figure 3). 

Figure 3- Plot size and radius 
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ii. Permanent Fixed/Variable Plots vs. Random Variable Plots 

The decision to use permanent plots in this project design was made following the management 

plan and goals of the Cameron demonstration forest.  Permanent plots were used so net carbon flux can 

be easily monitored from baseline measurements and verifications made over time. The permanent 

plots provide an “in the forest” demonstration for family forest owners on what these plots look like and  

a basis for future research in the Cameron Forest. 

Random variable plots are very efficient and low cost, but do not allow for the accuracy of 

verification and monitoring all carbon accounting systems require. The advantages of permanent plots 

are that they provide better data on trends in vegetation, they are effective when high covariance 

between sampling periods is expected, they are more efficient at monitoring the long term flux of dead 

wood, and they allow static per plot carbon analysis over time. The disadvantages of permanent plots 

are that they can disappear after long intervals and management can introduce bias into known plot 

locations. Frequency of sampling should be based on the amount of expected change in an area [75, 76].  

Five year sampling intervals are common in the PNW (Pacific North West), given the dynamics of forest 

processes here. In other climates with slower growth rates, longer intervals are common [14, 18].  

III. Data Collection- Cameron Carbon Project 

A. Carbon Pools 

Carbon inventories aren’t just estimating how many board feet are in a stand, they require 

measurements from the largest to the smallest trees to estimate the above ground live vegetation in a 

stand. These inventories are biomass inventories, not timber inventories [62].  As the possibilities 

surrounding the payments for sequestering carbon grow, we may see an increase in family forest 

owners combining the collection of carbon inventory data with standard forest inventories. Depending 

on the requirements of the models being used, carbon inventories may require additions to traditional 

inventory measurements. Most of the carbon being sequestered and stored is in the living vegetation, 

carbon inventories must consider all of the possible points for carbon uptake and leakage within a forest 

ecosystem. These points are often associated with the carbon flux of a system, which is the flow of 

carbon in or out of a carbon pool [21].    

Four components or pools of a forest’s carbon structure should be considered when looking at 

the flow of carbon through a forest; living vegetation, detritus, soil, and forest products [20]. These four 

pools control the ebb and flow of carbon in and out of our atmosphere (Figure 4). It must be noted that 

a large amount of carbon is stored in the soil pool, but very little is known about carbon storage and flux 

in the soil [77]. The forest products carbon pool has the potential to store high amounts of carbon and is 

one of the most easily predicted carbon pools [12]. Carbon sequestration, flux, and storage levels in the 

soil and forest products pools are often estimated by models, because of gaps in knowledge and 

predictability. 

Although all carbon pools contribute to the overall flow of carbon through the cycle, this project 

focused on collecting data from the two pools which experience the most dynamic change and can be 

efficiently measured: live vegetation and detritus. These pools are then broken down into smaller pools, 



23 

which can be physically monitored. Carbon inventories are more complex than traditional inventories 

because each pool has its own variance. 

 Figure 4- Key pools and flows of carbon in a forest ecosystem [21] 

 

B. Field Measurement 

The main comparison between data collection methods and model estimators was between the 

FVS model and the HJA model. The FVS model which will be described later requires a minimal amount 

of data (DBH, height, species) to make carbon estimates and projections, while the HJA model requires 

measurements from 6 separate carbon pools in order to make estimates. Do FVS estimates of carbon 

sequestration/storage levels match the more comprehensive requirements of the HJA model?  

The goals for this carbon inventory were to obtain accurate data in the least amount of time 

possible. Using the right equipment in the correct way can save both time and money. A Trimble Geo XT 

mapping grade hand held GPS device was used to record the permanent plot centers and create a map 

that could be used in future monitoring/ verification procedures. A caliper was used to find the diameter 

of smaller trees, seedlings, shrubs, fine woody debris, small stumps, and small downed trees/snags. A 

diameter tape was used for all of the larger trees, stumps, snags, and downed trees. A relaskop was 

used to find tree heights and variable plot boundaries. A cloth tape was used to find fixed plot 

boundaries and line transects. Loggers tape was used to find downed tree lengths. An increment bore 

was used to obtain core samples from site trees. A ruler was used to find increment growth and forest 

floor depth. Although, the caliper is a large instrument and more cumbersome to carry, it was found to 

make the measurement of biomass data more time efficient.    
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C. Overview of Measurements- From each pool in each plot, for this project: 

i. Live Trees 

a. This pool consists of all live trees above ground and below 

ground (root systems). All live trees within the plot boundaries 

were inventoried for species, DBH, height, crown ratio, and a 5 

yr. increment growth rate (taken for a site tree on each plot). 

b. Variable Plot Measurement  

This project used a variable plot measurement strategy alongside the fixed plot measurement, 

as a way to contrast the two methods and test their use in different situations. For each stratum a BAF 

that included ~5-8 trees in each plot was found. This target was generally met in most strata and sub-

stratas across the project area. BAFs used were 10, 20, and 40, with the majority of strata falling into the 

20 BAF zone.  

ii. Dead and Down Trees 

This pool is made up of all dead or fallen trees, in various stages of mortality. All CWD (Course 

Woody Debris) within plot boundaries greater than 10 cm on the large end and 1 meter in length was 

measured. Diameter was taken on both the small and the large ends of the CWD. The length of the CWD 

was measured in meters. CWD that crossed plot boundaries were measured at the point where the plot 

boundary was crossed. A decay class was estimated based on the criteria provided for CWD decay [78] 

(Table 2).  

Table 2-Matrix of Decay for Dead and Downed Trees [78] 

                                                                                                                               Decay Class 

Characteristic 1 2 3 4 5 

Bark Intact Mostly intact 
Sloughing or 
absent Detached or absent 

Detached or 
absent 

Structural 
Integrity 

Sound, freshly 
fallen, intact 
logs 

Sapwood somewhat 
decayed, heartwood 
mostly sound 

Heartwood sound, 
supports own 
weight 

Heartwood rotten; piece does 
not support its own weight, 
but maintains its shape, 
branch stubs pull out  

None, piece no 
longer maintains 
its shape, it 
spreads out on 
ground 

Branches and 
Twigs 

If branches are 
present, fine 
twigs are still 
attached and 
have fine bark 

Larger twigs are 
present, branch 
systems entire 

Large branches 
present, shorter 
than diameter, 
stubs will not pull 
out 

Branch stubs present, shorter 
than diameter of log, stubs 
pull out 

Absent, branch 
stubs and pitch 
pockets have 
rotted down 

Texture of Rotten 
Portions 

Intact, no rot; 
conks of decay 
absent 

Mostly Intact; 
sapwood partially soft 
(start of decay but 
cannot be pulled apart 
by hand) 

Hard, large pieces; 
sapwood can be 
pulled apart by 
hand or sapwood 
absent 

Soft, small blocky pieces; a 
metal pin can be pushed into 
heartwood 

Soft; powdery 
when dry 

Color of Wood Original color Original color 
Reddish brown or 
original color Reddish or light brown 

Red-brown to dark 
brown 

Invading Roots Absent Absent Sapwood only Throughout Throughout 

Vegetation None Mostly intact 
Sloughing or 
absent Detached or absent 

Detached or 
absent 
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iii. Stumps  

This pool includes stumps in all levels of decomposition. Stump height, in centimeters, which 

was converted to meters for the HJA model, and top diameter of all stumps within the plot area, were 

measured in centimeters. Decay class was using recorded using the snag decay class matrix (Table 6).  

iv. Standing Dead Trees 

This pool includes all standing dead trees or snags. DBH was taken in centimeters, and a top 

diameter was estimated using either a relaskop or a caliper. A height in feet was measured with a 

relaskop and then converted to meters for the HJA model. Decay class was recorded using the standing 

dead decay class matrix (Table 3) [78]. 

Table 3- Matrix of Standing Dead Decomposition [78] 

                                                                                                       Stages of Deterioration  

 1 2 3 4 5 

Snag 
Characteristics 

All 
present 

Few limbs, no fine 
branches Limb stubs only Few or no stubs None 

Top Broken 

Diameter, 
broken top Increasing @ decreasing rate 

Height Decreasing @ decreasing rate 

Bark Remaining 
(%) 100% Loose bark <20% 

Sapwood 
presence Intact Sloughing Gone 

Sapwood 
condition 

Sound, 
incipient 
decay, 
hard, 
original 
color 

Advanced decay, 
fibrous, firm to 
soft, light brown 

Fibrous, soft, light to 
reddish brown Cubical, soft, reddish to dark brown 

Heartwood 
condition 

Sound, 
hard, 
original 
color 

Sound at base, 
incipient decay in 
outer edge of 
upper bole, hard, 
light to reddish 
brown 

Incipient decay at base, 
advanced decay 
throughout upper bole, 
fibrous, hard to firm, 
reddish brown 

Advanced decay at base, 
sloughing from upper bole, 
fibrous to cubical, soft, dark 
reddish brown 

Sloughing, cubical, soft, 
dark brown, OR fibrous, 
very soft, dark reddish 
brown, encased in 
hardened shell 

 

 

 

 

 

 

 

 



26 

v. Shrubs 

This pool consists of all understory brush, which is distinguished from a tree by its multiple 

stems and shorter height, fewer than 6 meters tall [22] and for this project from .1 meters to 3 meters 

wide. Three size classes of shrub width were identified; .1-.5 meters, .5-1 meters, and 1-3 meters, and 

the percent cover of each was estimated for each plot (Table 4). A total percent shrub cover for each 

shrub width was then calculated for the entire project area [21].  

Table 4- Percent Cover of Shrubs 

Stand Strata                                                % Cover of Shrubs 

Cam  .1-.5 meters/ .4-1’8” .5-.1 meters/1’8”-3’3” 1-3 meters/3’3”-9’10” 

1  38 19 6 

 2A 23 35 11 

 2B 34 28 16 

 2C 39 18 10 

 3A 7 0 0 

 3B 22 25 10 

4  40 32 2 

5  29 38 15 

Average  29 24.3 8.75 

 

vi. Fine Woody Debris (FWD) 

This pool consists of all the smaller pieces of wood from 1 to 10 cm in diameter, littering the 

forest floor. For this project this pool was divided in to two groups; 1-3 cm in diameter and 3-10 cm in 

diameter. The groups were then counted by a line transect sampling method. Three transect lines; five 

meters in length were laid out, randomly within the plot boundaries. The number of FWD within each 

group which intersected each transect lines were counted and recorded.   

vii. Forest Floor 

This pool is the detritus in-between the mineral soil and the top of the litter layer. Five 

measurements of the forest floor were taken, in centimeters, at random locations within each plot. This 

carbon pool generally sees higher carbon flux than other pools, due to higher levels of decomposition 

within the layer. The size of forest floor commonly grows with the age of a forest.   

viii. Five Year Increment Growth Rate 

This measurement was taken on one site tree from every plot. Using an increment bore, a core 

sample was taken and the length of past five years of growth was measured in inches. This 

measurement can then be used to estimate the growth rate of the plot, strata, and stand (Table 5). This 

growth rate is an essential measurement for many growth models. This inventory estimates that there is 

an average growth rate of .58 in/yr. (1.5 cm/yr.) averaged across all eight stands recognized in the 

Cameron Carbon Project. 

 

 



27 

Table 5- Average Diameter Growth Rate per Plot 

Stand Strata 
 
All Stands # Plots 

Average Diameter 
Growth per Stand  

Average Diameter 
Growth per Strata 

Average Diameter 
Growth All Stands 

                                    Cam                                                            in/5yr growth 

1  1 9 1.08  1.08 

2   50 0.63   

 2A 2A 7  0.69 0.69 

 2B 2B 20  0.64 0.64 

 2C 2C 22  0.56 0.56 

3   7 0.61   

 3A 3A 4  0.34 0.34 

 3B 3B 3  0.88 0.88 

4  4 5 0  0 

5  5 14 0.46  0.46 

Total  86 0.55 
Average for 2A, 2B, 

and 2C = 0.63 0.58 

 

ix. Collection Time 

Due to the goals of this project and the necessity of family forest owners to conserve money, 

the length of time it takes to put in individual plots was recorded. The presence of different forest types, 

management practices, and measurement standards are all variables for determining which methods 

require more or less time to complete than others. Looking at these times allowed us to analyze the 

resources necessary to sample biomass under these different conditions (Table 9). 

An average per plot time was calculated at 44 minutes and 30 seconds. Due to the high variation 

across the project area, the learning curve for taking biomass measurements, weather, and difficulties in 

obtaining GPS satellites, these times fluctuated throughout the inventory process. The average of 60 

minutes and 33 seconds for the stand 2 strata where the majority of the merchantable timber is located, 

tells us more about the length of time it may take a family forest owner to complete a similar inventory.   

Table 6- Average Collection Time per Plot -52 of 86 plots timed- 60% 

Stand Strata Average time per stand Average time per strata Average time all stands 

Cam  min/plot min/plot min/plot 

1  29  29 

2  60   

 2A  66 66 

 2B  58 58 

 2C  57 57 

3  73   

 3A  0 0 

 3B  73 73 

4  28  28 

5  45  45 

Total  52 Average for 2A, 2B, and 2C = 
60.33 

44.5 
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IV. Modeling 

Post inventory calculations need to be made in order to obtain total biomass/carbon storage 

levels within each carbon pool, in each stratum, and across entire stands. Through the use of different 

models, estimations can be made on the levels of carbon sequestered and stored in different forest 

types. There are different schools of thought on how these estimates should be made and what level of 

AE should be allowed in measurements. The issue of practical methodology vs. scientifically correct 

methodology is a long standing debate. At what point are estimates of carbon pools obtained through 

modeling close enough to estimates made from sampled inventory data from all carbon pools on a 

specific site to justify the legitimacy of these less intense inventory requirements? And at what point are 

they too far off?  

A. Comparison of Models- “Practical vs. Scientific” 

This project compared two different models that used data from the same stands to calculate 

biomass levels and predict carbon storage on each individual stand and for the entire project area. Both 

models use site information, tree species, DBH (Diameter Breast Height), and biomass equations to 

predict carbon storage and flux levels. “Above ground biomass of living trees is the most dynamic and 

accurately measureable forest carbon pool; other pools are less dynamic and more costly to quantify 

[29]”. What are the benefits in measuring carbon levels in individual carbon pools over using models to 

predict them? The real debate is whether model estimators are accurately predicting carbon storage in 

carbon pools besides above ground live vegetation. 

i. FVS Carbon Stand Model 

The Forest Vegetation Simulator (FVS) model was created by the US Forest Service as a forest 

growth and yield model that is supported through large national data bases. Over the years, extensions 

of the FVS model have been developed to meet the needs of forest managers and aid in forest 

management decision making processes. As forest carbon markets and greenhouse gas policies evolved, 

questions about how forest management practices are affecting carbon storage began to arise. This 

drove the US Forest Service to create a carbon extension to the FVS program. The Stand Carbon Report 

is located within the FFE (Fire and Fuels Extension) of FVS. It uses many of the same components to 

calculate carbon reports as FFE uses to calculate fuel loading levels and fire intervals; e.g. downed dead 

wood, snags, forest floor. All methods used for carbon calculation within the Carbon Stand Report 

Extension were in compliance with the Voluntary Greenhouse Gas Reporting Program 1605(b) [30] and 

reviewed by the Intergovernmental Panel on Climate Change Good Practice Guidance for National 

Greenhouse Gas Inventories [31]. 

  FVS allows a user to input data in to each of the carbon pools for both live and dead tree data, 

but it also offers default setting for pools where on site specific data is not available. These default 

settings have made calculating carbon storage levels fairly user friendly. Users are given a choice of 

calculation methods for estimating above ground live vegetation. The first is a volume based default 

FVS-FFE method [39], recommended when working in one geographic variant because it uses equations 

calibrated for the specific variant being used. The second uses the Jenkins et al. [33] equations, which 
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are suggested to be used when comparing estimates across multiple variants and landscapes. The 

Jenkins et al. [33] equations are calibrated from a national biomass database, preventing differences in 

carbon estimates due to regional equation differences [34]. For this project the volume based default 

model was chosen due to the single variant being used, as suggested in USDA: FVS instructional 

literature [34]. A comparison of the two calculation methods was made for the 2010 FVS data (Table 7). 

Only the above ground live carbon pool showed any variation between models, the Jenkins et al. 

equations were 12% more than the FFE default regional volume equations.  

 FVS carbon reports are commonly used to develop estimates for carbon credit trading. FVS 

carbon reports assume that the user is using an AE of +/- 10 %.  Although the FVS Carbon Stand Report 

may be accurate enough to meet the standards for most carbon markets, it was not originally designed 

for this purpose and may not accurately address all carbon pools of interest [29]. 

ii. HJA Carbon Model 

This model was a part of a series of models put together as a way to look at the basic factors 

controlling carbon sequestration in forests. These models were used in a carbon sequestration 

workshop, held in Blue River, OR on the H.J. Andrews Experimental Forest and in other Oregon State 

Forestry courses. Created by Mark Harmon in 2001, these simple models were programmed in Excel and 

are for the most part, user friendly [21]. The data collection guidelines and carbon storage/flux 

estimation model is a perfect for a family forest owner wanting to do some low intensity carbon 

inventories that measure more than tree data. This model requires data from seven forest carbon pools, 

holding the inventory accountable for more raw data when making carbon storage and flux estimations. 

After inventory data is entered the biomass and carbon storage levels are calculated automatically using 

standard biomass equations from Jenkins et al. [34]. Most of the carbon pools are estimated from 

inventory data through this model. Excluded from the initial inventory model are root biomass, soil 

mineral carbon, and the herbaceous layer. Roots may be up to 25% of above ground tree biomass, and 

soil mineral carbon is a very important carbon pool that very little is known about. The HJA carbon 

inventory model attempts to use as much inventory data as possible to make its estimates, only when 

the data is unattainable, insignificant, or insufficient, does the model look towards estimators for 

numbers. 

This model relies on data reported through inventory, rather than by a large national database. 

The HJA model suggests a using a target AE of +/- 7-8% for sampling, resulting in a total error of +/- 10% 

[21]. The standards of allowable error suggested for sampling and the model are significantly higher 

than other estimators [21] but if inventories are done accurately, the results should be fairly precise. 

This model is a learning tool that was developed to look at carbon storage and flux in different forest 

types and at different rotation lengths. Many of the variables in this model are adjustable and the 

author encourages users to look at the effects different management decisions have on carbon 

sequestration and storage levels. 
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iii. FVS vs. HJA Models 

For this project the inventory data collected on 86 plots, across 8 stands was entered into both 

models. Each model had its own format for data imputation. Although the model outputs were not 

identical, with a little alteration they were similar enough to compare. Both models used increment 

growth rates to predict growth. The FVS model Stand Carbon Report is a growth and yield model that 

provides an estimate of carbon at a requested point in time. Average annual rate of change can then be 

calculated from these fixed stock estimates [34]. The HJA model calculates carbon flux, which is the flow 

of carbon in or out of a carbon pool [21]. The FVS model estimates the soil carbon pool, while the HJA 

inventory model initially excludes it, giving options to account for it later in the projection process. The 

mineral soil carbon calculated by FVS was taken out for comparison purposes. An actual carbon storage 

level might be more accurately compared by adding the below ground carbon numbers from the FVS 

model to the HJA total, but for comparison purposes that was left out. The FVS model estimates shrubs 

and an herbaceous layer. The HJA model does not directly account for shrubs in the model, but an 

inventory taken by rough percentages of shrub size classes is included in the inventory process (Table 4).  

Overlap between the shrub component and the actual tree data collection was encountered in the HJA 

inventory. For this inventory we collected DBH information down to 1 cm, which is not a common 

practice [Table 15]. The HJA model was then altered to accept the new species of hardwood (white oak 

and madrone), using equations from Jenkins et al. [33]. This overlap seemed to more than account for 

the lack of shrub data in the HJA model.  The “merch” or merchantable category in the FVS output 

reports all stored carbon in trees defined as merchantable by the specific location variant being used, 

which was the Pacific North West [36].  

Stratification within a study area is a very important component of obtaining successful data 

from FVS Stand Carbon. Each stratum within the project area has its own BAF (Basal Area Factor) and 

each stratum is considered a stand in FVS. A target of 5-8 trees per plot was used to obtain the proper 

BAF for each stand [18]. Due to the variable conditions found in the foothills of Oregon’s Coast Range 

and on many family forest lands, finding the correct BAF for strata can be difficult. In many cases a 

forester will use the most fitting BAF for the area, weighing the cost and time expended stratifying over 

the increase in precision. Stratification is much more crucial when sampling with variable plots, as in the 

FVS model. In this project more stratification may have helped save resources in the end, by saving the 

task of post stratification. In many cases, the necessity for stratification is not realized until a forester is 

actually sampling an area, due to the variable nature of family forest lands. Taking pilot plots as a way to 

assess the variance of a stand before sampling can help save time and money.    

 Some very high live tree carbon storage values came out of stand 2. This was tracked back to 

strata 2B, plot 1. The values seem so high that it seemed as if there was an error in the calculations. 

After reviewing the inventory data for that plot, revisiting the plot, and finding nothing inaccurate about 

the data, except the presence of an abnormal amount of trees on the plot. This outlier, which from a 

statistical sense is an observation judged to be far from the group average, threw off the data for the 

entire stand. There is no justification for excluding the plot from the data set as long as the randomness 

of the plot layout was followed [16]. One solution to the problem would have been to add more plots to 
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the sample. In this case I chose to report two sets of results one including the outlier and one without 

[Table 13]. 

iv. Results- Initial Comparison of the Two Models  

At the onset of this project it was hypothesized that the HJA carbon model would provide much 

more accurate estimates than the FVS Stand Carbon model when estimating carbon storage on forested 

land. There were preconceived notions that large data base driven models, like FVS, would not report 

accurate data on smaller carbon pools. Some experts believe that models like FVS overestimate carbon 

pools other than above ground live carbon pools [29]. Law and Harmon state, “The consequences for 

overestimating carbon sequestration with respect to climate protection are greater than those of 

underestimation” [12]. They go on to suggest that discounting estimates to account for uncertainties in 

measurement and modeling techniques will have less residual effects than using mean estimates.  A 

peer review of a recent paper on forest carbon provided this opinion, “Projection of biomass C pools is 

possible with automated tools, but additional refinements are needed before they can be applied in 

forest C offset projects” [29].  

The total stored carbon across all stands in the Cameron Carbon Project from the 2010 FVS 

model data is 15,453 Mg C or 237.74 Mg C/ha (Tables 7, 11) and the total stored carbon across all stands 

from the HJA model data is 15,176.2 Mg C or 233.48 Mg C/ha (Tables 7, 13). The Mg C/ha was calculated 

using a weighted average for each stand across the entire 65 hectare project area, to account for the 

variable terrain and size differences in the stands.  For total stand carbon the results show that the FVS 

stand carbon model estimate was ~2% higher than the HJA model estimate, which is a relatively small 

margin when comparing total stand carbon. Especially when the AE used for each inventory is taken into 

consideration, +/- 10% for the FVS model and +/- 7-8% for the HJA model. The fact that the FVS model 

predicted a higher amount of total stand carbon held true to previously held assumptions about the 

overall accuracy and precision of the FVS model. 

Although the stand carbon storage totals between the two models are relatively similar, the 

difference between the individual pools is significant. Above ground live carbon was estimated by the 

FVS model to be 9,341.15 Mg C or 143.71 Mg C/ha (Table 7, 11) and by the HJA model to be 12,652.9 

Mg C or 194.66 Mg C/ha (Table 7, 15), a ~22% higher estimate. This difference is significant; especially in 

a carbon pool thought to be one of the most commonly and accurately estimated thorough models.  

Due to the high variability across the project area, using a more comprehensive inventory and modeling 

system may show some real benefits. 

The standing dead carbon pool was not a major part of overall carbon storage from either 

model, 27.3 Mg C or .42 Mg C/ha (Table 7, 11) from the FVS model and 362.05 Mg C or 5.57 Mg C/ha 

(Table 7, 13)  from the HJA model.  The HJA model estimated ~93% more carbon was stored in standing 

dead than the FVS model did. This extremely small estimate from the FVS model may have been in part 

due to the inclusion of stumps with the standing dead in the HJA model.  Stumps are in their own pool in 

both the HJA inventory and model. The FVS model included all dead stems from the ground up. For the 

comparison of models the two HJA pool were combined. Because FVS is a growth and yield model, 
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stumps may not be factored into this data until a harvest is simulated, which was not in the timeframe 

of this project. Modern forestry practices and policies have caused a dramatic decrease in stump heights 

and, are encouraging snag creation and management on family forestlands [80].  Stumps and snags, 

common sights on family forestlands, should be accurately accounted for in carbon estimates. This is a 

weak point in the FVS Carbon Stand estimator.  

The totals from the DDW (Dead and Downed Wood) carbon pool show a significant difference in 

estimates: the FVS model estimated 4,124.9 Mg C or 63.46 Mg C/ha (Table 7, 11) and the HJA model 

estimated 1,231.75 Mg C or 18.95 Mg C/ha (Table 7, 13). The FVS model estimated ~70% more carbon 

was stored in the DDW than the HJA model did. This large difference in estimates could have a great 

effect on the total carbon storage for the project area. The direct data collection methods used in the 

HJA inventory and results from carbon projects on other family forestlands [37] lead me to believe that 

lower estimates stand up better when considering the significance of DDW levels in overall carbon 

measurements. The young age, high variability, and absence of management options utilized in the FVS 

simulation, may have led to an inflated estimate. 

Totals from the forest floor pool also showed a significant difference, the FVS model estimated 

1,910.35 Mg C or 40.95Mg C/ ha (Table 7, 11) and the HJA model estimated 929.5 Mg C or 14.30 Mg C/ 

ha (Table 7, 13). The FVS model estimate was 52% greater than the HJA model estimate. The forest floor 

measurements made in the HJA inventory were fairly thorough and random, making a fair 

representation of each plot and stand. The forest floor layer is a difficult pool to estimate, because the 

presence of DOM (Dead Organic Matter) can vary in thickness with differences in terrain, forest type, 

and slope [81].      

The shrub pool was only reported by the FVS data, 40.95 Mg C or .63 Mg C/ha. The HJA model 

calculated shrub data through percent cover and shrub width (Table 4). The conversion of these 

percentages into metric tons is not easy and is thought to not be very accurate. The FVS model used 

biomass equations from Jenkins et al. [33] to estimate shrub biomass levels. In this comparison of 

carbon measurement inventories and calculation methods, many but not all of the shrub-like trees were 

accounted for in the actual inventory which measured both hardwoods and conifers down to 1 cm. This 

is an inconsistency with this comparison and is most likely the source of some bias. More research on 

the shrub carbon pool needs to be done. Its significance is recognized, but no simple statistical method 

is used by the comprehensive models to measure and account for the carbon being stored in this pool. 

For this project, estimators used by FVS will be the standard. 

 The two models came up with a similar total stand carbon value; the FVS model was 7% more 

than the HJA model, which is a fairly close margin when making estimates in variable forest types, using 

two different types of estimators. This comparison has shown that the FVS model makes what appear to 

be conservative estimates for live vegetation (above ground live and shrubs) and fairly ambitious 

estimates for DOM. The HJA model accounts for a greater percentage of above ground live vegetation in 

its more thorough and time-consuming inventory.  
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Table 7- Model Comparison- Below ground data has been removed from FVS data  

Cameron Carbon ha Above Ground Live Standing Dead DDW Forest Floor Shrubs Total Stand Carbon 
 

Carbon Dioxide 
Equivalent 

  Weighted Averages 3.667*Mg C 

Model  Mg C Mg C/ 
ha 

Mg C Mg C/ 
ha 

Mg C Mg C/  
ha 

Mg C Mg C/ 
ha 

Mg C Mg 
C/ ha 

Mg C Mg C/ ha Mg CO2 Mg 
CO2/ 
ha 

2010 FVS- 
FFE 

65 9,341.1 143.7 27.3 .42 4,124.9 63.46 1,910.3 29.39 40.9 .63 15,453.8 237.7 56,669 872 

2010 FVS- 
Jenkins 

65 10,541.7 162.3 
 

27.3 0.42 4,125.9 63.46 
 

1,910.3 29.39 
 

40.9 0.63 
 

16,647.1 256.1 
 
 
 

61,044 939 

2010 
HJA 

65 12,652.9 194.7 362.0 5.57 
 

1,231.7 18.95 
 

929.5 14.30 
 

  15,176.2 
 

233.5 
 

55,651 856 

2000 FVS 65 4,987.4 76.7 
 
 

169.6 2.61 
 

3,105.05 47.77 
 

1,431.3 22.02 
 
 

9.95 1.23 
 

9,772.9 
 

150.3 
 

35,837 551 

2000 FVS -2010 Project 65 6,612.4 101.7 
 

237.2 3.65 
 

3,696.5 56.87 
 

1,907.7 29.35 
 

40.3 0.62 
 
 

12,501.2 192.1 45,841 704 

Average 2010 
All 

Projected 
And 

Estimate 
 

65 9,787.0 150.6 163.4 2.52 3,294.8 50.69 1,664.5 25.61 40.7 0.63 14,886.4 229.9 54,588 843 

Average  Percent of Each 
Carbon Pool  

% 0.65  0.01  0.22  0.11  0.002  1.00  
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Figure 5- Model Comparison: Metric Tons 

 

 

Figure 6- Model Comparison: Metric tons per Hectare 
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v. Carbon Flux 

Using the HJA model and our inventory data we estimated carbon flux in each stand and 

summed for the entire project area. The project area overall had an annual net carbon loss of -23.32 Mg 

C or -.36 Mg C/ha (Table 8). These estimates are made from 5 yr. increment growth rates taken from a 

site tree on each plot. The greater loss of carbon is coming from the carbon pools (FWD and forest floor) 

that experience the highest levels of decomposition [21]. Above ground live trees makes up the majority 

of the carbon uptake, through carbon sequestration processes.   

Table 8- Cameron Carbon HJA 2010- Average Carbon Flux per Stand 

Cameron Carbon 
HJA 2010  

Above 
Ground 
Live Trees 

Dead 
and 
Down 

Standing 
Dead Stumps FWD 

Forest 
Floor Total  

Metric 
Tons/Hectare  ha Mg C/ha Mg C 

Cam_1 15 

2.72 -0.07 -0.01 -0.06 -0.52 -3.60 -1.54 -23.16 

Cam_2A 6 

4.37 1.09 0.15 2.07 2.31 -3.71 -0.19 -1.16 

Cam_2B 11 

4.53 -0.12 -0.10 -0.05 -0.82 -3.20 3.85 42.39 

Cam_2C 14 

2.40 -0.13 -0.22 -0.05 -0.66 -2.33 -0.99 -13.89 

Cam_3A 2 

1.73 -0.02 -0.03 0.00 -0.21 -0.92 0.55 1.10 

Cam_3B 1 

4.05 -0.04 -0.06 -0.01 -0.42 -2.51 1.02 1.02 

Cam_4 7 

0.00 -0.26 -0.01 -0.17 -1.04 -2.11 -3.59 -25.15 

Cam_5 11 

4.69 -0.06 -0.03 -0.05 -0.55 -2.41 1.59 17.54 

Total 65 

187.40 -0.26 -3.80 8.59 -26.37 -189.79  -23.32 

Weighted Average 

2.8831 -0.0040 -0.0584 0.1321 -0.4056 -2.9199 -0.36  
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Figure 7- Cameron Carbon HJA 2010- Average Carbon Flux per Stand 
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covering most of the project area, 44 hectares. The 2010 inventory was over 65 ha, the missing 21 

hectares of data was in Cam 1, which at the time in 2000 was dominated by a 5 yr. old plantation. Data 

from the 2010 FVS inventory taken from Cam 4 was used (also a 5 yr. old plantation at the time of 

inventory) to fill in this gap.  

The plots from the 2000 inventory were not clearly mapped or marked, making an identical 

inventory very difficult. Original plot markers from the 2000 inventory were randomly found during the 

2010 inventory and more often than not, they were in similar locations. The use of GPS positioning in 

the 2010 inventory allows foresters a precise method for locating permanent plots and gives us the 

ability to track plot location over time. The 44 hectares inventoried in 2000 was stratified more intensely 

than the 2010 inventory, which in hindsight would have helped create a more homogeneous stands in 

the 2010 inventory and decreased the need for post-stratification [17]. The inventories covered the 

same ground and had enough similarities to make per hectare estimate comparisons valid.  

One factor that must be considered is the management activities and weather events that took 

place in the project area over the past ten years. A thinning project, on 31 ha of the project area took 

place in 2001 and a strong wind event in 2005, leading to 7 hectares of the project area being clear-cut. 

-5.00

-4.00

-3.00

-2.00

-1.00

0.00

1.00

2.00

3.00

4.00

5.00

6.00

Mg C/ ha 

Cameron Carbon Stands 

Cameron Carbon HJA- 2010 Average Carbon Flux 
per Stand  

Live Trees

Dead and
Down
Standing
Dead
Stumps

FWD

Forest
Floor
Total



 

37 
 

Although, over the ten years projected the project area did see some man made changes, correlations 

can be made between the projected numbers and the estimated numbers, when accounting for the 

changes in the project area over the ten years. These changes to the land are common to many family 

forests, and the ways they affect carbon storage and flux should be recognized.    

Using the FVS Carbon Stand program the 2000 inventory data was run through the model, 

creating Carbon Stand estimates and projections. Comparisons were then made between the 2000 

inventories FVS 2010 projections and the carbon estimates made from both the FVS and the HJA model, 

from project inventory data taken in 2010. The FVS 2000 estimated the total stand carbon to be 

9,772.87 Mg C or 150.35 Mg C/ ha (Tables 7, 14) and its 2010 projection for total stand carbon was 

12,268.70 Mg C or 192.22 Mg C/ ha (Tables 7, 15), a 20% increase. The projected numbers were 

considerably less than both the 2010 FVS estimates (20% less) and the HJA model estimates (17% less). 

The most dramatic difference is in the above ground live vegetation pool. The FVS 2010 

projection estimates 6,612.45 Mg C or 101.73 Mg C/ha (Table 7, 15), while the 2010 FVS and the 2010 

HJA models estimate, 9,341.15 Mg C or 143.71 Mg C/ha (Table 7, 11) (30% greater) and 12,652.9 Mg C 

or 194.66 Mg C/ha (Tables 10, 13) (48% greater). Although the above ground live biomass pool has been 

found to be the most rapidly changing carbon pool, accurate measurement approaches have been found 

through allometric methods derived from national data pools [33] and adapted into locally calibrated 

equations. Even after accounting for the changes in the project area over the 10 year period, the ~18-

19% difference between the 2010 estimates and the FVS projections of the 2000 data, and the belief 

that above ground live carbon is accurately measured in the 2010 HJA inventory, lead to the assumption 

that the regional FVS projection of above ground live carbon may be below the actual numbers.   

Projected estimates for the standing dead pool 237.25 Mg C or 3.65 Mg C/ha (Table 7, 15), 

although a small part of the overall total carbon calculation, were well above the 2010 FVS estimates 

(89% greater) and below the HJA estimates (35% lower). The fact that standing dead was greater in the 

projection and barely accounted for in the 2010 FVS estimate suggests that the fixed plot inventory 

method used for the HJA model accounts for more of the standing dead than the FVS model.  The 

thinning activities and wind event may have also decreased the density of standing dead trees in the 

project area. Another possibility is that Starker Forests, the previous longtime owner of the Cameron 

Forest, had done repeated salvage and thinning projects to remove dead and dying trees, which was a 

normal practice in what was considered proper forest stewardship for the greater part of the 20th 

century.  

The DDW projection was 3,696.5 Mg C or 56.87 Mg C/ha (Table 7, 15), 11% less than the 2010 

FVS model, and 66% more the HJA model. The significantly higher estimate of DDW from the 2010 

models may have been influenced by the thinning and clear-cut that occurred. A 2011 study has shown 

that timber harvest on ~80 year rotations produce a significant increase in DOM at harvest, from the 

presence of logging slash, stumps, tops, and roots, killed during harvest [81]. Both the 2010 FVS 

projection and 2010 FVS estimate seem to be overestimated, when compared to the 2010 inventory 

which accounted for on the ground DDW. 
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The forest floor and shrub 2010 FVS estimates are identical to the 2010 FVS projection of 

1,907.75 Mg C or 29.35 Mg C/ha (Table 7, 11) and 40.3 Mg C or ~.63 Mg C/ha (Table 7, 15). But the HJA 

2010 estimate is 52% less than the 2010 projection. This could again be due to the management 

activities over the 10 years projected. General residual effects, like compaction and erosion from logging 

operations can affect forest floor depths [82].  This difference between FVS and HJA estimates could also 

be attributed to the stand history where the models were developed compared to the stand history of 

the Cameron Forest. The stand history on the Cameron Forest was long term sheep pasture that became 

forest when grazing stopped in the last century, much different than the stand origins of the Andrews 

Experimental Forest where the HJA model was developed (13, 19, 21). 

The results of this project showed that FVS estimates and estimated projections under-

estimated the above ground live vegetation and standing dead carbon pools, while over-estimating the 

DDW and forest floor pools. After averaging the Mg C/ha results from the four estimating and projecting 

methods used to obtain 2010 data for the project area, 65% of the total stored carbon come from the 

above ground live pool. Due to the significance of the above ground live vegetation pool the projected 

total stand carbon estimates from the projected 2000 data were significantly lower than the estimates 

from 2010 data. Although certain factors may have influenced these levels some, results point towards 

the presence of greater level of carbon storage within the above ground live vegetation pool than FVS is 

reporting or projecting. 

C. Effects of Management/ Non-Management Activities on Biomass/ Carbon Levels  

Forest management practices can have both positive and negative effects on the net carbon 

exchange with the atmosphere [12]. Forest management can change the amount of carbon stored in 

various pools, change the flux of carbon in and out of pools, and alter the trajectory of NEP (Net 

Ecosystem Productivity) in a specific pool [29]. Harvesting, fuels reduction, weed control, fire 

suppression, fire prevention, reforestation, afforestation, and fertilization are all management activities 

that affect the levels of carbon present in different pools at different times. Fire, snow, wind, ice, rain, 

earth movement, natural disasters, insects, and diseases are all natural phenomenon that can impact 

the carbon storage and flux levels on forestlands.   

The Cameron Forest, similar to many family forests, is a managed forest. Managed forests may 

be defined in numerous ways for different goals and forest types. For family forestland owners 

managing lands for forest stewardship and eventual timber harvest, this definition fits, “Productive 

forest where harvesting regulations are enforced, silvicultural treatments are carried out, and trees are 

protected from fires and diseases” [40]. The Cameron Forest’s management plan urges the application 

of practices and innovations that family forest owners would benefit from seeing practiced. Forest 

management is a large part of forest health and stewardship, influences on all aspects of the forest must 

be considered.  

Studying the repercussions of our actions on a small scale may help to understand them on a 

landscape level. Forest management can be used to increase the sequestration of carbon from the 

atmosphere, but the spatial, temporal, and process resolution scale of measurements must be 
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addressed when making assumptions derived from smaller scale projects about landscape level issues 

[41]. Some measurements and observations made at smaller scales apply to landscape level issues, and 

others do not [41]. Scientists now believe that there is no single correct scale that should be used when 

researching the effects of forest management on carbon sequestration. The most unbiased observations 

on different forestry practices come from research that is done on multiple scales [41].  

   This project was done on a small temporal scale (10 years), a small spatial scale (65 ha), and 

under multiple levels of process resolution (20 BAF, 40, BAF, fixed area plots). The scale of this project 

must be kept mind when making larger scale assumptions and observations. This project looked at the 

before and after effects of three thinning methods, Douglas-fir encroachment, neglect of thinning, and 

clear-cutting had on carbon storage levels in different stands. This analysis used the 2000 FVS data and 

compared it with the 2010 FVS-FFE data for each respective stand. It also looked at the differences 

between the 2010 projected data, without any planned management and the 2010 estimated data for 

each specific management action or change in forest structure.   

i. Thinning  

One of the most intriguing results was the impact ten years of growth had on carbon storage 

levels across a thinning demonstration on the project site. The three thinning types applied were chosen 

to match the site and location conditions of the forest. These conditions, before the thinning, were 

similar to many mixed species forests found on the Willamette Valley margin [42].  

a. Individual Tree Selection- Cam 2A- 6 ha 

This prescription was used along a small strip next to Soap Creek road, with goals of promoting 

growth, gradually moving towards an uneven aged forest, and the creation of an aesthetically pleasing 

view for Soap Creek residents whose driveways look out on the Cameron Forest. In 2000, FVS estimated 

this unit was storing 1,095.6 Mg C or 182.5 Mg C/ha. In 2010, 10 years after the thinning FVS estimated 

this unit was storing 1,617.6 Mg C or 269.6 Mg C/ha, a 32% increase. Without the thinning, 2000 FVS 

projected that the unit would be storing 1,147.8 Mg C or 191.3 Mg/ha, only a 5% increase (Table 9).   

b. “Free” Selection- Cam 2B- 11 ha  

This thinning type is an opportunistic approach for shifting a forest to uneven aged structure, 

while increasing the distribution of conifer stocking across the stand and making room for understory 

regeneration [42]. This thinning type represents a small gap thinning style that many wildlife biologists 

and forest pathologists believe to be beneficial for forest health. 2000 FVS estimates found 2,009 Mg C 

or 182.64 Mg C/ha, across 11 hectares. The 2010 inventory estimated 3,031.6 Mg C or 275.6 Mg C/ha, a 

33% increase. While 2000 FVS data projected a mere 2,110.6 Mg C or 191.87 Mg/ha, a 5% increase 

(Table 9). 
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c. Group Selection- Cam 2C- 14 ha 

This thinning type is often called patch or gap thinning. It attempts to emulate natural forest 

cycles (lightening driven fires) and processes (laminated root rot/ DF bark beetle/ wind events) while still 

taking wood out of the forest [73, 74]. This thinning type is being examined by many researchers as a 

publically acceptable option for future forest harvests. If classic timber harvesting methods become 

more restricted on private lands, innovative thinning methods may become landowners’ best harvesting 

option. If this does happen pairing the marketing of carbon with partial cutting may become a revenue 

generating option for family forest owners. Creating baseline inventories and monitoring carbon flux in 

these types of post thinning landscapes is an important part of investigating their benefits. 

In 2000, FVS estimated 3,101 Mg C or 226.3 Mg C/ha was being stored in this pre-thinned forest. 

The 2010 FVS estimates found 4,503.8 Mg C or 321.7 Mg C/ha, 31% increase over ten years. 2000 FVS 

data projected 3,457 Mg C or 246.92 Mg C/ha, a 23% increase (Table 9).  

ii. Un-thinned, Heavily Stocked Douglas-fir Plantation- Cam 3A- 2 ha 

This forest type represents a common occurrence on family forestlands, namely, neglect. This 

stand was tightly planted in rows with Douglas-fir, which could have been intended to be Christmas 

trees and forgotten about. Lack of management has created a very bleak forested environment, without 

the sun very little will grow in the understory. This stand has a lot of potential for both carbon storage 

and timber value, but it requires management. 

In 2000 FVS estimates 460.8 Mg C or 230 Mg C/ha and from the 2010 FVS estimates 751.6 Mg C 

or 375.8 Mg C/ha, a 39% increase. The 2000 FVS data projected that in 2010 this stand would have 592 

Mg C or 296 Mg C/ha, a 22% increase (Table 9).  

iii. Douglas-fir Encroachment on Oak Woodland- Cam 3B- 1 ha  

Over the past 10,000 years oak woodlands have been a predominant forest type across the 

Willamette valley and its surrounding foothills [83]. In recent history, due in part to fire suppression, 

urbanization, and the value of Douglas-fir, many of the oaks are being over topped by fast growing 

Douglas-fir trees, which are being planted and gradually over time migrating into the valley. The 

protection and restoration of these oak woodland ecosystems has become a focus of many research and 

policy questions. The possibility of marketing the carbon being sequestered in these areas may aid in 

their conservation. Carbon sequestration and storage levels in oak woodlands is often overlooked, due 

to the slow growing nature of oaks and the low density of trees on these woodlands. Carbon storage 

levels on the 1 ha patch of oak woodland was included, because the goals of this project was is to 

inventory all carbon sequestering possibilities and OSU is looking for innovative ways to fund oak 

restorations projects in this area.  

The 2000 FVS data estimated 232.9 Mg C/ha and the 2010 FVS data estimated 272 Mg C/ha, a 

15% increase. The 2000 FVS data projections for 2010 were 267.4 Mg C/ha, a 13% increase. Low density, 

mixed species, and the slow decomposition rates of oak make estimates and projections problematic. 



 

41 
 

Correlations can be made between the jump in merchantable trees and live vegetation and the 

encroachment of Douglas-fir over the past ten years (Table 9/ Figure 8).   

iv. Young Plantations- Cam  4- 7 ha 

Young plantations are commonly overlooked in biomass assessments, due to the small 

percentage of above ground live biomass made up by the trees, but carbon is being stored here and the 

percentage of our forests in this stage of growth is only increasing. This comparison looks at two issues: 

the amount of carbon stored on a 5 yr. old Douglas-fir plantation and the flux in carbon from a 65 year 

old forest to a 5 yr. old plantation, triggered by a wind event. Weather can change a forest faster than 

any management action. Or it can trigger the need for management which may not have occurred 

otherwise.  

A strong wind event came through the Soap Creek Valley in 2005, knocking down enough trees 

in Cam 4, which lies along a creek valley, to merit harvesting the 7 ha. This windstorm changed the 

appearance and the structure of the stand overnight and after the harvest, the stand transformed again. 

Monitoring the changes these types of events have on biomass/carbon storage may help family forest 

owners to make the correct management decisions, be good stewards to the land, and reach the 

management goals of their forestland when faced with unexpected acts of nature. 

The 2000 FVS data estimated 1,985.2 Mg C or 283.6 Mg C/ Ha was being stored in the stand 

before the wind event or the ensuing harvest. The 2010 FVS data estimated 344.4 Mg C or 49.2 Mg 

C/Ha, a decrease of 83%. The 2000 FVS data projected the stand in 2010 would have grown to 2,281.3 

Mg C or 325.9 Mg C/Ha, an increase of 13% (Table 9/ Figure 8).   

v. Overall Comparison 

An overall trend towards an increase in carbon storage levels across the three thinning types can 

be seen from the 2000 FVS inventory data taken before the thinning to the 2010 FVS inventory data 

taken post thinning. The lower carbon storage estimates in the 2010 projections support the trend that 

management activities increased carbon uptake and storage in most of the carbon pools being 

monitored. Results showed that levels of DDW were overestimated in the FVS program, when compared 

to the measurements that were taken for the HJA inventory, but when making comparisons using three 

FVS model estimates, these small inconsistencies are not as relevant. The large increase in the live 

vegetation pool post thinning in all three thinning types shows that growth can occur in a relatively short 

period of time when forests are actively managed. All three thinning types showed large increases from 

2000 to 2010 in total carbon storage; individual, 32%; free, 34%; gap, 31%. Looking at just increase in 

above ground live carbon storage from 2000 to 2010; individual, 35%; free, 40%; gap, 43%, the total 

carbon storage is relatively close, but there is a small difference between the two patch thinning 

methods above ground live carbon storage levels.  

Results from the data (Figure 8) show that gap thinning methods are effective when the goals of 

management are to increase above ground live vegetation, total carbon storage, and progress towards 

an uneven forest structure. The post thinning 2010 data on an Mg C/ ha scale shows the gap thinning 
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method is storing 16% more carbon than the individual thinning method and 14% more than the free 

selection (small gap thinning) method. Changes in forest structure resulting from the thinning can be 

seen in the differences between the Mg C/ ha storage levels. 

Keeping baseline inventories allows land owners to use estimation and projection methods to 

analyze the pros and cons of management decisions and event driven changes in forest type. This ability 

can help family forest owners to make more informed decisions going in the future. Measuring changes 

in biomass levels and the carbon flux of various carbon pools, resulting from management decisions can 

help to managers manage forests for carbon, timber production, and general forest health. Good forest 

stewardship and proper forest management are practiced by many family forest owners, regardless of 

their management goals.   

Figure 8 - Management Option Comparison- 2000-2010 
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Table 9- Management Options Comparison-2000-2010 

 
 

   Live Below ground Forest Total  % Change 
From 
Cameron  
2000  FVS 
Data  

 Stand 
2000 

Stand FVS 2010 ha Total Merchantable Live Dead Standing 
Dead 

DDW Floor Shrubs/
Herb  

Total stored carbon 

Individual Tree Selection    Mg C Mg C/ ha Mg C 

Cameron FVS 2000 3407 Cam_2A 6 533.4 428.4 128.4 0 0 296.4 127.8 9 182.5 1095  

Cameron FVS 2010 
Projected 

3407 Cam_2A 6 591.6 477.6 141 4.2 18.6 252.6 130.8 9 191.3 1147.8 5% 

Cameron FVS 2010  Cam_2A 6 814.2 587.4 183.6 5.4 27.6 399.6 184.8 2.4 269.6 1617.6 32% 

Free Selection               

Cameron FVS 2000 3407, 
3403 

Cam_2B 11 976.2 781.5 235.8 0 0 545.3 235.4 16.3 182.6 2009  

Cameron FVS 2010 
Projected 

3407, 
3403 

Cam_2B 11 1087.1 874.2 259.8 7.6 33.5 465.2 241.1 16.3 191.9 2110.6 5% 

Cameron FVS 2010  Cam_2B 11 1614.8 1281.5 355.3 0 0 722.7 333.3 4.4 275.6 3031.6 34% 

Group Selection               

Cameron FVS 2000 3406, 
3402, 305 

Cam_2C 14 1444 1111 338.3 0 0 897.9 412.7 7.4 226.3 3101  

Cameron FVS 2010 
Projected 

3406, 
3402, 305 

Cam_2C 14 1754.3 1359.6 408.7 15.7 68.8 776 426.1 7.4 246.9 3457 10% 

Cameron FVS 2010  Cam_2C 14 2517.2 1765.4 620.2 0 0 921.2 438.2 5.6 321.7 4503.8 31% 

Un-thinned, Heavily Stocked Douglas-fir Plantation             

Cameron FVS 2000 3401 Cam_3A 2 211.6 158.2 56 0 0 131.4 61 0.8 230.4 460.8  

Cameron FVS 2010 
Projected 

3401 Cam_3A 2 308.6 234.4 81.4 4.6 18 114.2 64.4 0.8 296 592 22% 

Cameron FVS 2010  Cam_3A 2 446 323.8 110 0 0 131.6 63 0.8 375.8 751.6 39% 

Douglas-fir Encroachment on Oak Woodland             

Cameron FVS 2000  3420 Cam_3B 1 112.2 77.5 23.8 0 0 65.7 30.7 0.4 232.9 232.9  

Cameron FVS 2010 
Projected 

3420 Cam_3B 1 140.5 101 28.8 1.1 5.5 58.3 32.8 0.4 267.4 267.4 13% 

Cameron FVS 2010  Cam_3B 1 212.5 142.9 48.5 0 0 5.8 4.7 0.5 272 272 15% 

Young Plantation               

Cameron FVS 2000 304 Cam_4  7 1083.6 814.1 223.3 0 0 460.6 214.9 2.8 283.6 1985.2  

Cameron FVS 2010 
Projected 

304 Cam_4  7 1303.4 988.4 269.5 11.2 58.1 408.1 228.2 2.8 325.9 2281.3 13% 

Cameron FVS 2010  Cam_4 7 2.8 0 1.4 0 0 235.2 88.2 16.8 49.2 344.4 -83% 
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D. 100 Year Projected Carbon Levels 

 Table 12 and Figure 9 show a 100 year FVS projection of the 2010 inventory data for the entire 

Cameron Carbon Project area. These types of projections can help forest managers track the changes in 

carbon storage through time (years), space (stands), and processes (carbon pools). Over the 100 years 

FVS projects the project area to have a 47% increase in total stored carbon and a 50% increase in above 

ground live carbon. Only the shrub component is projecting lower numbers, 35% loss, which is expected 

because of the disappearance of shrub cover as a forest matures. The other carbon pools all project 

gains in carbon over the next 100 years. The DDW pool has some fluctuations before it reaches its 

eventual 26% gain at 100 years (Table 10).  

 Figure 9 shows what looks to be the steady growth and dominance of the above ground live 

vegetation pool over time. From an average of the 4 models that gave us 2010 carbon data across the 

Cameron Carbon Project area, above ground live carbon made up 65% of the total stand carbon (Table 

10). But when the percentage of total carbon in the above ground live pool from the 100 year projection 

is examined, it stays constant at around 53% of the total stand carbon over the course of the 100 years. 

The growth that occurs within the other pools appears minimal on the graph compared to the growth in 

the above ground live vegetation pool, but combined these pools make up nearly 50% of the total stand 

carbon over the course of the 100 year projection. It is these types of larger scale trends that allow us to 

acknowledge the importance of the smaller carbon pools in the overall carbon picture over time.   

Figure 9- 2010 FVS Stand Carbon Estimates-100 yr. Projection 
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Table 10- 2010 FVS Data 100 yr. Projection 

 

V. Discussion 

This project has looked into many of the factors involved in the practical application of carbon 

inventories on family forestlands, using the Cameron Carbon Project as a case study. Many of the issues 

addressed in this project will be beyond the scope and abilities of the average family forest owner. But 

for many land owners understanding the basic concepts behind larger ideas is all it takes to spark some 

interest in management options. The real question that faces advocates of the carbon markets is, “How 

can we increase participation and preparation for participation levels among the family forest owners?” 

A. Model Comparisons 

i. HJA v. FVS 

The purpose of this analysis was not to study how each carbon model works, but to look at the 

differences in their outputs. The same plot centers and base data sets were entered into both the HJA 

model and the FVS model, but the results were slightly different. Although the total stand carbon 

numbers were close, the differences in the above ground live, DDW, and forest floor carbon pools were 

significantly different. The HJA inventory model estimated 51 Mg C/ Ha or 3,300 Mg C more than the 

FVS inventory model in the above ground live carbon pool for the Cameron Carbon Project area. This 

pool is the most dynamic and commonly used pool for estimation purposes. These results point towards 

   Live Above Ground Below Ground Forest Carbon Total 

Stand ha Year Total Merchantable Live Dead Standing 
Dead 

DDW Floor Shb./
Hrb. 

 Stand Carbon Total W/O Below 
Ground 

Metric tons/ 
hectare 

  Mg C/ Ha 
 

Mg C Mg C/ 
Ha 

Mg C 

Cameron 
Carbon 

65 2010 143.71 104 33.9 0.08 0.42 63.5 29.39 0.63 271.7 17660.5 237.7 15450.5 

Cameron 
Carbon 

65 2020 164.32 118.3 39.6 2.31 9.96 55.7 31.68 0.41 304.2 19773 262.2 17043 

Cameron 
Carbon 

65 2030 185.04 134.3 46.1 4.31 17.27 54.7 32.57 0.41 340.4 22126 290.0 18850 

Cameron 
Carbon 

65 2040 208.32 152.1 52.79 6.37 24.61 56.1 33.47 0.41 382.2 24843 323.0 20995 

Cameron 
Carbon 

65 2050 225.57 169.5 58.09 8.54 32.52 59.5 34.24 0.41 418.9 27228.5 352.3 22899.5 

Cameron 
Carbon 

65 2060 238.86 179.8 62.00 10.50 39.40 64.4 34.92 0.41 450.5 29282.5 378.0 24570 

Cameron 
Carbon 

65 2070 249.84 190.6 65.22 11.90 45.77 69.1 35.39 0.41 477.7 31050.5 400.6 26039 

Cameron 
Carbon 

65 2080 259.05 197.8 68.00 12.79 50.97 73.7 35.88 0.41 500.9 32558.5 420.1 27306.5 

Cameron 
Carbon 

65 2090 266.49 204.5 70.44 13.23 54.89 78.5 36.37 0.41 520.4 33826 436.8 28392 

Cameron 
Carbon 

65 2100 273.61 211.2 72.71 13.44 56.20 84.7 36.84 0.41 537.9 34963.5 451.8 29367 

Cameron 
Carbon 

65 2109 284.04 221.7 73.50 7.90 40.59 85.2 36.49 0.41 528.2 34333 446.8 29042 
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the conclusion that the more rigorous inventory methods of the HJA inventory model generate more 

accurate and precise estimates of the stored carbon within the above ground live carbon pool. On the 

other hand the DDW and forest floor carbon pools were estimated by the HJA inventory model to be 

44.51 Mg C/Ha or 2,893 Mg C and 15.09 Mg C/Ha or 981 Mg C below the FVS model for the Cameron 

Carbon Project area. These are significant differences between the DOM carbon pools of the models. It 

appears the more comprehensive inventory methods of the HJA inventory generate more accurate 

accounts of the DDW and forest floor on the ground. The residual effects of past management activities 

on the DOM carbon pools that the FVS model is not accounting for in this project must be considered. 

With the same base data going in and similar results for total stand carbon coming out; FVS model 4.2 

Mg C/ Ha or 280 Mg C greater than HJA model, questions arise about the differences in data amongst 

the smaller carbon pools. The results of this project show that the FVS model is underestimating above 

ground live carbon and over estimating the DOM carbon pools. This result could be explained by the 

argument that the management of this site historically has been different than what is represented in 

both of the models [3, 13, 19, 21]. This project found that if calibrated correctly the FVS total stand 

carbon estimator predicts overall carbon storage levels at precision levels which meet the requirements 

of most carbon markets. To obtain accurate estimates of individual carbon pools on specific sites more 

intense inventory methods are recommended.   

ii. 2000 FVS Estimates vs. Projected FVS 2000 Estimates vs. 2010 FVS 

Inventory   

Another result that should be addressed is the significance of the difference between the actual 

2010 inventory measurements and the 2000 inventories 2010 projected measurements. An average of 

the 2010 inventory methods was 36% greater than the 2000 numbers, while the 2010 projected 

numbers were 22% greater than the 2000 numbers. Even with a 7 Ha clear cut and 31 Ha of thinning the 

2010 inventory numbers are 14% greater. “Once carbon enters the forest system management can 

determine to some degree where it goes.” [12] This reinforces the point that management practice can 

control the potential for carbon storage in a stand, throughout a forest and across a landscape. This 

comparison of baseline data to projected growth to inventory data taken 10 years later in a post 

management environment, gave a documented example of how active forest stewardship can increase 

carbon storage over relatively short periods of time. Forest management activities can increase carbon 

storage and sequestration levels on family forest lands over time, if done with the goal of increasing 

these levels in mind.   

iii. Management Effects on Carbon Storage 

The analysis of the effects of different management practices on levels of carbon storage, have 

shown that all three thinning types, individual selection (32%), free selection (33%), and gap selection 

(31%), showed increases in carbon storage over the 10 year post thinning period. This movement 

towards an uneven aged forest may provide a healthy environment for carbon storage and provide an 

ideal option for landowners to mix timber harvest with carbon payments. The sharp increases in carbon 

storage from the 2000 inventories projected 2010 numbers, without the thinning to the actual 2010 

post thinning inventory numbers should be noted. Many thinning techniques increase the overall carbon 
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storage potential of a stand, by stimulating growth of the remaining large trees and creating multi-

layered stands. The overall carbon storage potential of our forests could be increased in the foreseeable 

future with proper management, increased thinning projects, extending rotation lengths, hardwood 

management, afforestation, and timely reforestation.  

B. Costs and Benefits for Family Forest Owner Participation in Carbon Markets 

i. Costs 

The cost of participation in carbon markets is one of the major deterrents for family forest 

owners [1, 3, 50]. To lower these costs other changes must be made to the overall model being used to 

market carbon. The measurement, verification, and monitoring of carbon in forests is a time consuming 

and costly process. Through the increased use of biometric principles sampling efficiency can be 

increased while maintaining an acceptable precision. Carbon markets could adjust the AE (Allowable 

Error) of market standards to allow for lower intensities of sampling and lower costs. Developing new 

more comprehensive models and inventory methods which track carbon levels more accurately over 

time may have high initial coast, but save money over time. Combining carbon sampling with other 

sampling projects (i.e. management plans) may increase the time necessary for the measurement, but 

create a much better resource for landowners.  

ii. Benefits 

Benefits from landowner participation in carbon inventories include, saving money (initial 

baseline inventories ~$5,000 [84]), combining with the development of other management plans (Tree 

Farm [43] or FSC [44] certification/ re-certification), and provide valuable hands on knowledge about the 

assets being marketed (carbon sequestration and storage). Issues involving landowner participation in 

carbon inventories include verification of inventory measurements from non-certified foresters and, the 

accountability for the third party carbon buyers and sellers. This project has proven that carbon 

inventories can be done by family forest owners, but compliance with market standards and regulations 

requires accredited foresters to complete these inventories. The original inspiration for this project was 

to create an educational project, which would allow family forest owners to complete carbon inventory 

projects on their own saving them the initial inventory costs. After completing this inventory project and 

speaking with other foresters about the future of carbon market standards [8], the reality is that to 

receive payments for carbon credits a certified forester should be involved in the completion of a 

baseline inventory and the monitoring of stands at acceptable intervals. At the very least a certified 

forester should be assisting or doing check cruises on family forest owners completing baseline 

inventories themselves.  

C. Future for Carbon Markets and Carbon Aggregators 

Some carbon aggregation companies believe that in the near future they will be willing to put up 

the costs for professional baseline carbon inventory, monitoring, and verification processes. In return, 

they will ask for commitment to their carbon programs [8]. While this will attract more landowners and 

guarantee aggregators accurate and verifiable data, requiring a long term commitment will deter some 

landowners who prefer to keep their options open. There is no way to tell what standards and 
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requirements will evolve in future markets, but a decrease in upfront costs would encourage 

participation levels of family forest owners in the carbon marketplace. 

Presently carbon markets are focused in the voluntary carbon market place. The voluntary 

carbon markets are expanding with more companies wanting to brand themselves as being carbon 

neutral [88].  Many aggregation groups are involved in these voluntary markets, and many of these 

aggregators are predicting that a regulatory market of some form (i.e. cap and trade, clean air act, 

international agreement/protocol) will be coming in the foreseeable future. Landowners and 

aggregation groups currently trading in voluntary markets will be in position to trade carbon in a 

regulated market as soon as it is mandated. With the catastrophic status of greenhouse gas levels in the 

atmosphere [89] and a trend towards the use of “greener” practices, the possibility of a regulatory 

driven carbon market in the near future is high [85]. 

VI. Conclusions 

A. Original Project  Goals vs. Final Project Goals 

The original goals of this project were used as a guideline for the direction of this project. As 

realities about carbon sequestration and carbon markets on family forestlands became clearer, the goals 

of the project had to be altered. Addressing the importance of family forestland owner participation in 

the success of carbon markets became the main focus of the project. The issues surrounding carbon 

sequestration and carbon markets were addressed in a way that family forest owners may easily 

understand and give increased consideration to, as a future management option. 

 Carbon inventories and the possibilities of landowner participation in this inventory process 

were analyzed. Results showed that the level of skill necessary to take these measurements accurately 

may be beyond the skill sets of most family forest owners. A demonstration of the sampling process 

used in this project was created in a publically accessible area to be used as a demonstration showing 

landowners the process of carbon inventory. The multimedia component to this project is still a priority 

and will be addressed over the next year; website (Spring 2012), on site kiosks (Winter/Spring 2012), and 

field tour (Fall 2011). 

B. Project Results: Cameron Forest 

This project has provided an overview of many aspects surrounding carbon markets and what it 

takes for a family forest owner to participate in them. A section of the Cameron Forest was used as a 

study area for the project; allowing us to apply many of the techniques and policies that are involved 

with the process of measuring and marketing carbon to a tangible space. The management goals of the 

Cameron Forest fit perfectly with the goals of this project. Results from the project area were: a baseline 

carbon measurement from 2000, a 10-year interval measurement from 2010, a 100-year projection of 

carbon levels from 2010, a comparison of carbon calculation models, a learning tool for the public to see 

“How carbon is measured and monitored over time?”, and a spring board for future studies on the 

effects of management activities on carbon storage levels over time. Not only did the use of the 

Cameron Forest give us the data required, but it left a demonstration behind that can be used for future 

research or educational purposes.  
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i. Model Comparison Findings 

 Results from this project pointed towards the necessity for more comprehensive carbon 

inventories in order to achieve more accurate representations of carbon storage within individual 

carbon pools. Results showed that the majority of carbon (~65%) in the Cameron Carbon Project area is 

stored in the above ground live vegetation. Accurately measuring carbon storage levels in the lesser 

pools may prove to be much more significant than previously thought. Making estimates and projections 

on carbon storage across all carbon pools from live tree measurements may be accurate enough for 

many carbon marketing standards, but in this project it was found to make what seemed to be 

inaccurate estimates on multiple individual carbon pools (above ground live vegetation, DDW, forest 

floor).  

ii. Measurement of Lesser Carbon Pools 

The lack of knowledge surrounding some of the carbon pools (forest floor, below ground, 

shrubs) makes measurement of carbon storage levels in these pools very inconsistent. With these gaps 

in our knowledge, how can assumptions about estimates made through modeling, based primarily on 

live tree data, be accurate? The difference in the time it took between taking plot measurements for 

estimation based models and more comprehensive models was not enough (~15 min) (Table 9) to rule 

out the value of directly measuring the lesser carbon pools. More research is necessary to determine 

how much carbon storage is being overestimated or underestimated within individual carbon pools with 

the use of various modeling techniques. 

iii. FVS Projections/ Importance of Scale 

  Projections made through FVS are valuable for understanding trends in carbon flux and storage 

levels over time, from stand to stand, from carbon pool to carbon pool, and over entire landscapes. The 

fact that FVS is primarily a growth and yield model and was not originally designed to measure carbon 

storage levels, should be noted when using it for carbon storage estimation [34]. Understanding how 

and through what processes carbon flows through our ecosystem can help forest managers to make 

decisions which can affect the balance of carbon, both spatially and temporally [21]. It is also important  

to remember scale when making assumptions about landscape processes from inventories done in small 

spaces and over short periods of time [41].  

iv. Management Implications 

Understanding the implications management decisions have on carbon flux and storage is often 

overlooked. It is an issue that deserves more attention from managers and researchers. This project 

showed that the application of thinning prescriptions on the proper forest conditions can greatly 

increase their potential for carbon storage. All three thinning types showed 10 year increases of Mg C in 

both the above ground live vegetation pool, as well as in total stored carbon. The greatest increases in 

above ground live vegetation were in the large gap thinning type, the thinning prescription resulting in 
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the most trees harvested. These results were encouraging, because this type of thinning is currently 

being advocated as a hybrid method of harvest by forestry professionals and research projects [74]. 

v. Other Forest Types 

Carbon inventory and measurement of the forest types containing lesser amounts of stored 

carbon are also an important part of the overall carbon picture. These transition forests provide 

information on the flux of carbon between forest types and the rate at which this flux occurs. Old 

growth forests, once considered carbon “neutral” are now commonly thought of as great carbon sinks 

on our planet [86]. It is documented that large trees store high levels of carbon, but they are 

disappearing, in part due to the deforestation of old growth trees and in part due to the drop in demand 

from the forest products industry [86]. Plantations on shorter rotations are taking their place, both 

spatially across the landscape and in the demand for smaller diameter/ fast growing trees from the 

forest products sector. 

Accurately monitoring carbon storage on young plantations, in restoration areas, and in 

“neglected” forests should be given more priority. They are not only results of management decisions 

that should be monitored; many of these are forest types with high carbon potential, if managed 

correctly. For ecosystem services to work and for family forest owners to change their practices, 

payments need to be made for all forest types in conservation and the public needs to compensate 

forest owners for the services being provided.    

C. Possibilities for Change 

Over the past 50 years our planet has seen a shift in forest structure and in acreages of forest 

types. This shift from the abundance of large trees across our planet to the current abundance of 

smaller diameter plantation forests has created a need for carbon markets to accommodate this change.  

In the short term, the present state of our forests and the planet need to be addressed. How can today’s 

forests be managed in a manner that seizes their potential for carbon uptake and storage? Measuring, 

monitoring, and making payments for carbon storage, from clear-cut to an optimal harvest rotation age 

[21] may prove to be our best bet for increasing our planet’s overall carbon storage potential. This 

optimal harvest age is greater than the ~50 yr. harvest cycle many of our plantation forests are on today 

[11, 21]. Research has found that this optimal harvest age for carbon storage levels in conifer trees of 

the Pacific Northwest is closer to ~75-100 years [11, 21]. Goals can still be made which work towards 

creating forests of larger trees, on longer rotations, which store more carbon for longer time intervals. It 

will take a paradigm shift across the timber industry to make this shift back to longer rotation ages, but 

if landowners and mills were compensated a shift might be possible. The bottom line is, if the carbon 

markets pay more than the wood markets we will get bigger trees in the forest. 
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D. Future Considerations of Carbon Markets and Family Forestlands 

The future of carbon markets is in flux. The focus of environmental movements is shifting from 

preventing deforestation to preventing urbanization and promoting green space. This change may open 

the door for ecosystem service markets. Functional carbon markets are already in place in many parts of 

the world [53]. Here in the United States we are seeing glimpses of opportunity for the success of 

carbon markets. If trends continue in the direction they are going the chances are high that this 

commodity, abundant on family forestlands may grow in value.  

   Areas where forest management practices are encouraging forest health and increasing the 

levels of carbon uptake/storage should be considered for carbon payments. Weed control, restoration 

harvesting, invasive species eradication, and controlled burning are all management decisions that may 

have positive effects on the long-term regeneration and vigor of a forest. In order to keep forests in 

family forest ownerships new options for payments for carbon storage need to be explored.  New 

standards and guidelines need to be set for promoting opportunities for carbon storage in private 

forests and on family forestlands.   

The majority of family forest owners have been pushed away from carbon markets for various 

reasons such as costs, lack of knowledge about ecosystem services, lack of knowledge about carbon 

sequestration, lack of regulation, and ignorance about current “best forest practices”. Although strong 

carbon markets have not yet risen in the US they may be on the horizon. What can family forest owners, 

do to be prepared? Be ready for changes in the carbon market: those who have marketable carbon 

when the demand emerges will be paid a premium for it. Create baseline inventories for your property; 

it is the key to initial entrance into current and future markets. Learning about carbon sequestration 

storage and flux, will help landowners make management decisions which increase carbon storage. 

Many family forest owners are hands on, hardworking individuals, who want to know how to do things 

themselves or at least know how they are done. Understanding how to inventory carbon on their 

property, even if the landowner is not completing the entire inventory knowing what is being measured 

on their land may change a landowner’s perception on carbon sequestration and carbon markets. Family 

forestlands will be a highly sought after commodity in the future of carbon markets. The ability to 

affordably, efficiently, and accurately calculate and monitor carbon storage levels and flux will be an 

important piece to these markets moving forward. 
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VIII. Appendix: Total Stand Carbon and Total Stand Carbon per Ha weighted averages highlighted in red. 

Table 11- Cameron Carbon FVS-FFE 2010 

  Above Ground 
Live 

Below 
Ground 

Forest Carbon Stand Carbon  

Stand ha Total Merch Live Dead Standing 
Dead 

DDW Floor Shrub
/ Herb  

Carbon Total 
Stored 
Carbon 

Below 
Ground 
Total 

Metric 
Tons/ 
Hectare 

                                                                Mg C/ ha 
 

Mg C Mg C 

Cam_1 14 34.7 7.0 9.7 0.0 0.0 65.6 30.4 0.4 140.8 2112.0 145.5 

Cam_2A 6 135.7 97.9 30.6 0.9 4.6 66.6 30.8 0.4 269.6 1617.6 183.6 

Cam_2B 11 146.8 116.5 32.3 0.0 0.0 65.7 30.3 0.4 275.6 3031.6 355.3 

Cam_2C 14 179.8 126.1 44.3 0.0 0.0 65.8 31.3 0.4 321.7 4503.8 620.2 

Cam_3A 2 223.0 161.9 55.0 0.0 0.0 65.8 31.5 0.4 375.8 751.6 110.0 

Cam_3B 1 212.5 142.9 48.5 0.0 0.0 5.8 4.7 0.5 272.0 272.0 48.5 

Cam_4 7 0.4 0.0 0.2 0.0 0.0 33.6 12.6 2.4 49.2 344.4 1.4 

Cam_5 11 292.1 232.1 67.6 0.0 0.0 65.9 31.1 0.4 457.1 5028.1 743.6 

Total 65 1225.0 884.4 288.
2 

0.9 4.6 434.
8 

202.7 5.3 2161.8 17661.1 2208.1 

Weighted 
Average 

 143.7 103.9  0.0
8 

.42 63.5 29.4 .63 237.7 15453.0 W/O 

BG 

 

 

Table 12- Cameron Carbon-FVS-Jenkins 2010 

  Above Ground 
Live 

Below Ground Forest Carbon Stand Carbon  

Stand ha Total Merch Live Dead Standing 
Dead 

DDW Floor Shrub/
Herb 

Carbon Total 
stand 
carbon 

Below 
Ground 
Total 

Metric Tons/ 
Hectare 

                                                                             Mg C/ ha Mg C Mg C 

Cam_1 14 44.4 9.4 9.7 0 0 65.6 30.4 0.4 150.5 2257.5 145.5 

Cam_2A 6 147.8 87.6 30.6 0.9 4.6 66.6 30.8 0.4 281.7 1690.2 189 

Cam_2B 11 154.1 100 32.3 0 0 65.7 30.3 0.4 282.9 3111.9 355.3 

Cam_2C 14 213.3 133.5 44.3 0 0 65.8 31.3 0.4 355.1 4971.4 620.2 

Cam_3A 2 256.9 163.6 55 0 0 65.8 31.5 0.4 409.6 819.2 110 

Cam_3B 1 244.1 140 48.5 0 0 5.8 4.7 0.5 303.6 303.6 48.5 

Cam_4 7 0.7 0 0.2 0 0 33.6 12.6 2.4 49.5 346.5 1.4 

Cam_5 11 322.3 213.8 67.6 0 0 65.9 31.1 0.4 487.3 5360.3 743.6 

Total 65 162.1 99.3 33.9 0.08 0.42 63.4 29.3 0.62 290.1 18860.6 2213.5 

Weighted 
Average 

         256.1   16647.1 W/O BG 
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Table 13- Cameron Carbon-HJA-2010 

 

 

Table 14- Cameron Carbon- FVS-2000 

   
Above Ground 

Live Below Ground Forest Carbon Total 

 Stand # Cameron Stand # 

ha 
 

Total Merch Live Dead 
Standing 
Dead DDW 

Forest 
Floor 

Shrub
s 
/Herb  Carbon 

Total 
stored 
Carbon 

Bellow 
Ground 

Metric Tons/ Hectare                                                   Mg C/ ha Mg C Mg C 

plantation Cam_1 20 0.93  0.20 0 8.5 21.4 10.5 2.4 43.9 878.9 4.0 

3401 Cam_3A 2 105.8 79.1 28.0 0 0 65.7 30.5 0.4 230.4 363.6 44.19 

3402 Cam_2C 8 104.3 81.3 25.0 0 0 63.3 29.0 0.6 222.2 1861.4 209.4 

3403 Cam_2B 1 87.2 67.5 21.8 0 0 51.3 22.4 1.3 184.1 141.5 16.8 

3406 Cam_2C 3 74.5 54.8 16.5 0 0 65.6 30.3 0.4 187.3 507.8 44.7 

3407 Cam_2A, Cam_2B  10 88.9 71.4 21.4 0 0 49.4 21.3 1.5 182.5 1765.1 207 

3420 Cam_3B 1 112.2 77.5 23.8 0 0 65.7 30.7 0.40 232.9 141.4 14.4 

303 Cam_5 10 127.3 101.4 28.9 0 0 65.0 29.9 0.50 251.5 2575 295.9 

304 Cam_4  7 154.8 116.3 31.9 0 0 65.8 30.7 0.40 283.6 2077.3 233.7 

305 Cam_2C 2 140.9 107.6 31.9 0 0 65.7 30.4 0.40 269.4 447 52.9 

306 Cam_5 1 67.5 50.9 17.0 0 0 58.8 26.4 0.90 170.6 151.9 15.1 

 Total 65 1064.3 807.8 246.4 0 8.5 637.7 292.1 9.2 2258.4 10911.0  

weighted average 

 

76.7 59.3 17.5  2.6 47.8 22.0 1.2 167.9 

150.3 
Mg C/ ha 

9772.9  
 Mg C 

W/O BG 

17.5 
Mg C/ 

ha 
1138.2

Mg C 

 

  

Above 
Ground 
Live                                      Forest Carbon Stand Carbon   

Stand ha 
Live 
Trees 

Dead 
and 
Down 

Standing 
Dead Stumps FWD 

Forest 
Floor  Total Carbon 

W/O 
outlier 

W/O 
outlier 

Metric 
Tons/ 
Hectare                                                     Mg C / ha Mg C 

Mg C / 
ha Mg C 

Cam_1 14 35.9 3.5 0.29 3.1 10.4 18.0 71.2 1067.4   

Cam_2A 6 226.7 3.6 0.34 2.1 10.7 15.3 266.0 1596.3   

Cam_2B 11 407.3 6.2 3.2 2.4 16.4 16.0 407.2 4478.9 250.3 2753.7 

Cam_2C 14 180.0 6.7 7.2 2.4 13.2 11.7 221.2 3096.9   

Cam_3A 2 115.2 0.8 1.1 0 4.1 4.6 125.8 251.6   

Cam_3B 1 165.0 2.2 1.8 0.29 8.4 12.5 190.3 190.3   

Cam_4 7 0.9 12.9 0.35 8.5 20.9 10.5 54.1 378.6   

Cam_5 11 304.6 3.0 0.86 2.3 11.0 12.0 333.9 3672.9   

Total 65 1435.8 38.8 15.2 21.1 95.1 100.7 1669.7 

 
12422.7 

  

Weighted Average 

194.7 

 

5.6 

 

2.4 

 

3.14 

 

13.4 

 

14.3 

 

233.5 

 

15176.5 
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Table 15- Cameron Carbon- FVS- 2000 Data Projected to 2010 

   Above ground live Below Ground Forest Carbon Total  

2001 
Stand #-
2010 

Cameron 
Stand # ha Total Merch Live Dead 

Standing 
Dead DDW 

Forest 
Floor 

Shrubs/ 
Herb  

Stand 
Carbon 

Total 
Stored 
Carbon 

Below 
ground 

Metric Tons/ Hectare 
                                              Mg C/ha 
 Mg C Mg C/ha 

plantation Cam_1 20 34.7 7 9.7 0 0 65.6 30.4 0.4 140.8 

2816 

9.7 

3401 Cam_3A 2 154.3 117.2 40.7 2.3 9.0 57.1 32.2 0.40 296 

592 

43.0 

3402 Cam_2C 8 123.7 97.2 29.3 1.2 5.1 54.6 29.9 0.60 244.4 1955.2 30.5 

3403 Cam_2B 1 101.1 78.2 24.8 0.60 2.5 44.2 23.1 1.30 197.6 197.6 25.4 

3406 Cam_2C 3 102.2 75.8 22.8 0.7 3.3 56.6 31.2 0.40 217.2 651.6 23.5 

3407 
Cam_2A, 
Cam_2B  10 98.6 79.6 23.5 0.7 3.1 42.1 21.8 1.5 191.3 

1913 
24.2 

3420 Cam_3B 1 140.5 101.0 28.8 1.1 5.5 58.3 32.8 0.40 267.4 267.4 29.9 

303 Cam_5 10 136.0 109.7 30.4 1.2 5.5 56.0 30.8 0.50 260.4 2604 31.6 

304 Cam_4  7 186.2 141.2 38.5 1.6 8.3 58.3 32.6 0.40 325.9 2281.3 40.1 

305 Cam_2C 2 167.2 128.7 38.3 1.4 6.5 57.4 31.7 0.40 302.9 605.8 39.7 

306 Cam_5 1 103.0 79.6 26.4 1.0 4.1 50.2 27.2 0.70 212.6 212.6 27.4 

 Total 65 1347.5 1015.2 313.2 11.8 52.9 600.4 323.7 7.0 2656.50 
14096.5 
 

 

 
weighted 
average 101.7 73.3 23.6 0.79 3.6 56.9 29.3 0.62 216.9 

192.2  
 Mg C/ ha 
12268.70   
Mg C/ ha 

 

1595.3 
 Mg C 
24.4 
Mg C/ ha 

 

  

 

 

 

 

 

 

 

 


