
ABSTRACT 

RIDDLE, ANNE AMELIA.  Climate Change and the U.S. Forest Service: Opportunities for 

Adaptation and Mitigation.  (Under the direction of Dr. Frederick Cubbage.) 

Forest carbon sequestration is one of the most important methods available to mitigate 

climate change from anthropogenic CO2 emissions.  The USDA Forest Service manages a 

large proportion of the standing timber in the United States and is poised to respond more 

quickly than private landowners.  However, the Forest Service may have goals and values 

beside forest carbon sequestration.  Thus, we examined challenges and opportunities for 

climate change response in the biotic, social, and economic realms.   

We modeled the current carbon sequestration on managed stands of each North Carolina 

Forest Service unit, using current forest plans to create a baseline scenario.  We then 

modeled alternative scenarios by changing management practices on each forest to create a 

scenario which significantly increases carbon storage on each forest.  We modeled the Soil 

Expectation Values (SEVs) of revenue from timber harvest on each site under both 

scenarios, and SEVs from carbon offsetting of additional carbon, using a selection of current 

offset prices.  This analysis showed that carbon sequestration can be improved by amounts 

between on each Forest Service unit through forestry management changes only.  However, 

these changes resulted in significant losses of SEV on each unit.  Revenues from carbon 

offsetting are able to equal or exceed baseline SEVs at certain price points, although only 

the highest prices, such as those that would represent a required carbon compliance 

market, did so consistently.   

In the second analysis, we surveyed employees of the Forest Service’s Region 8 (the 

Southern region) to determine agency opinions about climate change.  The 26-question 

questionnaire contained questions related to climate science, mitigation and adaptation 

practices, and relationship of climate change to the Forest Service agency.  Results show 

that respondents, like the general U.S. population, varied from not understanding or 

agreeing with anthropogenic climate change to accepting the prevailing science and need 

for mitigation.  However, respondents frequently chose well-supported forest management 

options for mitigation and adaptation and understood procedural requirements for 

implementing projects.  Respondents were not knowledgeable about the newly developed 

protocols for carbon crediting or offsetting.   

These results indicate that the National Forests are biologically capable of significantly 

increasing forest carbon sequestration on forests in the South, and if carbon offsetting 

revenues were available, they could equal or surpass SEVs from current timber harvesting.  

However, without payments for carbon, SEVs are likely to decrease significantly as timber 

harvests volumes decrease to store carbon.  While the agency has ample technical capacity 

in timber management, capacity in carbon offsetting practices is lacking, and support from 

agency personnel is mixed.   A carbon sequestration program will require executive 

leadership and institutional support and training for success.  
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Chapter One: Introduction to Forest Carbon Sequestration 
and Climate Change Mitigation 

Section 1: Introduction 
Forests, as ecological entities, are intimately tied with the climate change debate.  Their 

many aspects, such as ecosystem function, species ranges, community composition, and 

disturbance processes, will be affected drastically by climate change.  These issues are 

exacerbated by the increasingly stressed and fragmented nature of forests worldwide.  

Conversely, as carbon-sequestering and living entities, forests are a unique tool in 

combating the progression of climate change.  Forests assimilate carbon in soils and living 

tissues, and therefore can be used to remove CO2 from the air.  Thus, forests stand uniquely 

poised at the center of the climate change problem.  They are readily available tools to 

mitigate and prevent climate change, while simultaneously, it is clear that climate change 

will affect them deleteriously.   

Climate change is not a problem that can be isolated from social, economic, and political 

concerns; and these aspects of the issue will influence the magnitude and timeliness of the 

climate change response.  Thus, considering the ecological possibilities without including 

these aspects yields a picture that is incomplete.  Taken together, the narrative created is 

not only different, but a more accurate representation of the real-world milieu of the 

climate change problem. 

This thesis addresses these aspects of climate change through the lens of a public agency: 

the United States Forest Service.  As a landholder, the Forest Service owns more than 193 

million acres of land in the United States.  The potential role of this area in climate change 

mitigation efforts is enormous.  What’s more, as a public agency, the Forest Service is 
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uniquely poised to make early, concentrated climate-mitigation efforts backed by technical 

expertise.  However, this same role as a public agency subjects the Forest Service to the 

political will of the United States government, and to its own internal culture and values.  

Thus, despite its unique ability to respond, whether the Forest Service will or should do so 

is not a settled question.  Thus, this research examined not only the ecological opportunities 

and challenges for response by the Forest Service, but the social and economic ones as well. 

The first chapter is a review of the literature concerning climate change and forests, with a 

particular focus on the U.S. Southeast.  This section provides an overview of climate effects 

on forests and climate change mitigation through forestry.  This section also reviews 

economic aspects of climate change mitigation, including price of carbon and the 

relationship of crediting schemes to forestry.  The second chapter models current forest 

carbon storage against potential forest carbon storage, given changes in forest 

management, using three U.S. Forest Service units in North Carolina as a case study.  This 

chapter also investigates the economic effects of these changing management practices, 

including cash flows to the forest from traditional sources and from a new potential source, 

carbon offsets.  The last chapter is a survey of Forest Service attitudes and opinions 

concerning climate change.  This chapter uses the Forest Service’s Region 8 as a sample to 

examine potential agency personnel beliefs about climate change science, and possible 

opinions to a climate change response program.    

When viewed synthetically, the results of this research provide a comprehensive view of the 

relationship between forest-related climate change mitigation and the U.S. Forest Service 

in the Southern region.  The results show not only the potential for forests to increase 

carbon sequestration, but also the economic consequences of such decisions, both under 
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current circumstances and given the opportunity to participate in carbon crediting.  The 

results also show the attitudes of agency personnel toward climate change science and 

toward response programs.  Together, these results show comprehensively the biotic 

potential, the economic consequences and the social climate in which these changes would 

occur.  They contrast the ecological and social realities of climate change response in this 

region, and suggest both the challenges such a program must overcome, and its possibilities 

for success, should it be implemented.        

In the endeavor to mitigate anthropogenic climate change, the role of forests has emerged 

as deeply significant.  Growing forest biomass acts as a carbon sink, removing CO2 from the 

atmosphere and storing it throughout the life of the forest; thus, protecting and enhancing 

the growth of forests can act to mitigate carbon emissions in place of more difficult-to-

reduce industrial sectors.  Forest carbon sequestration makes reductions in the present and 

buys other industries time to make technological advances.  Domestic forest resources also 

offer the United States the chance to balance its national carbon budget, at least in part, 

without relying on non-domestic sources.  In this case, the mandates of the National Forest 

system stand out as being directly relevant to the goal of climate change mitigation.  The 

Forest Service mission, to sustain the health, diversity, and productivity of the Nation’s 

forests for the needs of present and future generations, hints at the use of the National 

Forests to meet the needs of U.S. citizens by providing biological resources and services.  

Furthermore, management of Forest Service lands to account for climate change mitigation 

ensures that those same forests may suffer less deleterious future effects from climate 

change’s progression. 
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The U.S. EPA already identifies U.S. forests as a significant carbon sink.  Their 2006 

estimate stated that U.S. forests sequestered 600.8 teragrams of CO2 between 1990 and 

2004 (EPA 2006), offsetting about 10.7% of the carbon emitted by transportation, energy, 

and other sectors.  Furthermore, the EPA notes that forestry practices, along with 

agricultural practices, could further sequester significant amounts of carbon (McCarl and 

Schneider 2001).  In their technical document on Greenhouse Gas Mitigation in U.S. 

Forestry and Agriculture (2005), the EPA found that forest management comprises the 

second or third most important carbon mitigation option according to its mitigation 

potential under three different scenarios.  Afforestation and agricultural soil carbon are 

other important options.   

The importance of U.S. public lands in this scenario cannot be overlooked.  In 2008 in the 

only study of its kind, Depro et al. (2008) analyzed the sequestration potential of all U.S. 

public forest lands in the contiguous 48 states, using several different timber harvesting 

scenarios.  Currently, the nation’s public timberlands would sequester, on average, 50 

MMTC per year during the years 2010 to 2050.  Under a ―no harvest‖ scenario, they 

projected an increase of 17-29 million metric tons of carbon sequestered per year between 

2010 and 2050, a 43% increase over current levels.  Conversely, under an intensive harvest 

scenario such as the high deforestation rates of the 1980s, they projected a net carbon loss 

of 27-35 MMTC per year in this same time frame, a significant decline (50-80%).  Their 

study emphasizes the importance of including climate change planning in the public forest 

lands’ use, not only because of their significant potential for mitigation, but also because 

certain management decisions can contribute to carbon emissions, canceling out 

improvements made in other sectors. 
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Section 2: The Changing Climate of the Southeast 

The Global Carbon Cycle 

The global carbon cycle is the crux of the global climate change issue.  The global carbon 

cycle is the biogeochemical cycle encompassing all carbon pools and exchanges on Earth, 

including the atmospheric carbon pool.  Thus, understanding the global carbon cycle and 

the changed fluxes into the atmosphere is vital to understanding the effects of increased 

atmospheric CO2 concentrations, and necessary to develop targets and priorities for 

management and mitigation.  Detailed understanding of carbon budgets is also necessary to 

predict future changes from any source.   

By far, the oceans and atmosphere constitute the largest carbon sink in the global carbon 

cycle.  The deep ocean alone contains about 38,100 GtC, much higher than any other 

component of the cycle (Sabine et al. 2004).  The surface ocean contains about 1,020 GtC, 

while other ocean components, such as marine biota, dissolved marine CO2, and ocean 

sediments, contain less than 853 GtC.  The atmosphere itself contains about 750 GtC 

(Sabine et al. 2004).  CO2 moves between the atmosphere and ocean through molecular 

diffusion, with differences in uptake and concentration throughout the oceans based on 

areas of upwelling or deepwater formation.  Over millennial time scales, the ocean has the 

potential to take up approximately 85% of anthropogenic CO2.  The relatively slow 

ventilation of the deep ocean, which interacts with the shallow ocean extremely rarely, 

prevents faster uptake.  As long as atmospheric CO2 concentrations rise, oceans will 

continue to take up CO2; this reaction, however, is reversible, allowing recently ventilated 

waters to release part of the accumulated CO2 back into the atmosphere to reach new 

equilibrium (Sabine et al. 2004).  Uptake by the oceans occurs extremely slowly, and is 

therefore unable to prevent environmental changes that may occur on faster time scales.  
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Terrestrial sinks, while they contain less total carbon, contain carbon pools that are much 

more easily perturbed by anthropogenic activities.  The large terrestrial sink is fossil fuel 

reserves, which constitute about 6,000 GtC, including conventional resources and others 

that may not be recoverable, such as tar and heavy oil (Sabine et al. 2004).  Fossil fuel 

combustion has been the largest cumulative source of anthropogenic CO2 emissions since 

about 1970 (Sabine et al. 2004).  The second largest sink, soils, accounts for 2500 GtC (Lal 

2004).  Conversion of soils from natural to agricultural ecosystems causes depletion of soil 

organic carbon (SOC) by about 60% in temperate soils and up to 75% in tropical soils; 

although exact quantities over time are difficult to quantify, human activities have caused 

massive losses of SOC over time (Lal 2004).  Most losses have been the result of 

agricultural activities or have followed burning, where soils are exposed and lose carbon 

content rapidly. 

   

Worldwide, vegetation accounts for 610 GtC.  Of this, global net primary production (NPP) 

by land plants is about 57 GtC per year.  Most of this flux is returned to the atmosphere by 

respiration of heterotrophs, and a smaller fraction is released through combustion (Sabine 

et al. 2004).  Tropical forests contain the largest carbon pool of terrestrial biota, followed by 

temperate forests.  Carbon emissions from land use and land management have increased 

dramatically over the past two centuries because of the expansion of cropland and pasture, 

infrastructure expansion, and other effects of pro-deforestation policies and demographic 

pressure.  Prior to 1950, most land-use change related emissions occurred in temperate 

zones.  In recent decades, however, releases of CO2 from land use change have been 

concentrated in the tropics (Sabine et al. 2004).  Land-use conversion from forests to 
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agricultural lands is doubly damaging to carbon pools, as agricultural practices tend to 

deplete soil carbon rapidly.  Despite the losses from forests, currently, the scientific 

community believes that CO2 fixation by the terrestrial biosphere has exceeded losses from 

land-use changes, making the the terrestrial biosphere a net sink of carbon on 

average(Foley and Ramankutty 2004).     

 

Information about the carbon cycle is illuminating when we decide where to focus 

abatement and adaptation activities.  Of the sectors above, GHG emissions from fossil fuel 

combustion are focused on most often because of their large magnitude and ability to be 

influenced by technological advance.  Agriculture and forestry activities are also 

emphasized because of their ability to be influenced by human interventions.  Conversely, 

while the oceanic carbon pools are extremely large, they are very difficult to influence.  The 

remainder if this chapter will focus on temperate forests, a large terrestrial carbon pool 

subject to significant climate change stresses and with large abatement potential.       

 

Effects on the Southeastern United States 

When attempting to project changing climate patterns, researchers use global circulation 

models (GCMs).  Like most models, the underlying assumptions of the model influence the 

outcome the model predicts.  Thus, most GCMs do not have identical outputs, and 

researchers using several models find a range of outputs.  The coarseness of scale inherent 

to global circulation models also makes it difficult to project regional climate variations 

with accuracy.  Various GCMs project temperature changes throughout the Southeast, 

though as is typical, they do not match one another.   
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Climate models predict continued warming in all seasons in the  Southeast, and an increase 

in the rate of warming through the end of this century (U.S. Global Change Program 2009).  

Under low emissions scenarios, average temperatures in the region are projected to rise by 

4.5°F by the 2080’s, or up to 9°F of average warming under a high emissions scenario.  High 

emissions scenarios also predict increases of up to 10.5°F in the summer months, with 

much higher heat  indexes (U.S. Global Change Program 2009).  These figures continue to 

be revised upward from previous reports; for example, a 1998 review showed temperatures 

which ranged from 3.5°C to 6.7°C in all parts of the year (Cooter 1998).  This review also 

showed that late season temperature patterns and values stayed the same in North 

Carolina, South Carolina, and Tennessee, with increases in early growing season 

temperatures ranging from 2 to 4°C.  In other states, increases ranged from 2 to 4°C even in 

the late season.  The projected areas of greatest temperature change were Louisiana, 

Alabama, and Mississippi. 

2.1 Fire Risk and Frequency 

While increased temperature and changes in precipitation will affect forests, other aspects 

of the environment will also see changes from climate change.  For example, increased 

temperatures could increase fire risk in areas that become drier due to climate change, 

which can compound existing fire risks (IPCC 2007).  The forest fire season is likely to 

lengthen, and the area of the U.S. subject to high fire danger is likely to increase 

significantly (IPCC 2007).  The total forest area of the U.S. burned may increase by 25-50% 

as increased productivity builds fire loads while increased drought lengthens fire season 

(Aber et al. 2001), and the seasonal severity rating may rise by 10-50% across most of the 

U.S. by 2060 (Flannigan et al. 2000). 
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Under some climate scenarios in the Southeast, the literature predicts an increase in fire 

stress throughout the Southeast into 2040 as drought increases throughout the region 

(Aber et al. 2001).  The Southeast is expected to experience about a 33% loss in vegetation 

carbon from drought stress by 2025, which it may never recover (Aber et al. 2001).   

Increased incidence and severity of fires may alter plant communities in other ways as well 

by changing disturbance regimes.  For example, increased fire across the South would 

promote establishment of longleaf pine and other fire-adapted species at the expense of 

loblolly pine (Devall and Parresol 1998). 

2.2 Precipitation, Drought, and Water Stress 

Precipitation across the Southeast is predicted to decrease, leading to further drought 

stress.  According to initial studies, precipitation across the U.S. is predicted to fall by 4% 

by the 2030s, and increase again by 22% by 2100; however, most of the increase in rainfall 

will occur in the West and most of the decline in the Southeast.  This model suggests a 

rapid, drought-induced decline in southeastern forests due to loss of vegetation density 

(Bachelet et al. 2003).  Other studies provide the most recent analyses of precipitation 

changes across the Southeast, using an aggregate average of the 24 climate models used by 

the IPCC AR4 process (Seager et al. 2009), and measuring water availability as 

(precipitation-evaporation).  They found an overall increase in precipitation across the 

region for all parts of the year, but found a drop in the precipitation-evaporation ratio (P-E) 

for the southern region in summer, and for the southern parts of the region in the winter.  

These decreases mean that, although precipitation may be higher, overall water availability 

is lower due to increased evaporation, likely from the rise in temperature, especially during 

the growing season. 
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Effects of drought on forests remain difficult to model.  Since drought likely affects NEP 

(net ecosystem productivity) or can even cause whole-stand mortality, substantial biotic 

feedbacks could result, leading to major uncertainties in the literature (reviewed in IPCC 

2007).  Other effects further compound the difficulty in projecting responses, such as the 

fact that soil fertility can offset the effects of drought to a limited extent, and the 

exacerbating effects of pests or fire (Hanson and Weltzin 2000). 

2.3 Shifts in Forest and Tree Species Range 

According to the IPCC (2007), climate change is likely to drive the migration of the 

geographic distribution of forest types and new combinations of species within forests. In 

North America, many tree species may shift northward or to higher elevations (2007).  

High-elevation forests in several locations, and drier and older forests in the Northwest and 

South, are at the most risk (Neilson 1995).  In the South, forest types of the most concern 

include loblolly pine on dry sites, coastal oak-gum-cypress, dry oak, and high elevation 

spruce-fir (Shugart et al. 2003).  While some of these forest types are not widely used in 

production forestry, the vulnerability of dry-site loblolly pine may be of particular concern 

to the South’s timber industry. 

Compounding and exacerbating problems due to species migration is the fact that climate 

zones may shift faster than forests are able to migrate.  Devall and Parresol (1998) state 

that with current predictions about changes in precipitation and temperature, trees will be 

required to migrate an order of magnitude faster than during the Holocene, another major 

era of changing climate and plant migration.  Predicted climate change may outstrip many 

species’ ability to stay within suitable climatic ranges, with habitat fragmentation further 

reducing plants’ ability to migrate.  Phenomena such as the dispersal of plant seeds, 
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changes in the spread of insect disease, or changes in the spread of wildfire are also 

important in determining the changing locations of specific forest types. 

 

This decoupling between species and climate has a number of detrimental effects on health 

of forest communities, and individual species.  Species with shorter life spans may be able 

to expand more rapidly, while species with long life spans can delay the movement of range 

limits, remaining alive in the vegetation even when seeds are no longer able to become 

established (Devall and Parresol 1998). Historical records demonstrate that some tree 

species can expand rapidly as climate becomes less limiting; thus, trees which are common 

today may become more rare in the future, and vice versa (Brubaker 1988).  If the species 

inhabiting southern pine forests move northward into mixed hardwood forests, as they are 

projected to do, biodiversity in those areas will suffer as the plants and animals associated 

with those areas do not migrate as quickly as the trees.  Species with low seed-dispersal 

distances, such as many forest herbs, are especially at risk (Devall and Parresol 1998).  On 

a species level, because the timing of growth of many species is determined by daylength, 

trees shifted from their range often begin budding or growing at inappropriate times (Davis 

and Shaw 2005) or exhibit other disjuncts in phenology. 

2.4 Impacts on Important Southern Tree Species 

Of all the tree species in the South, distrubution of loblolly pine (Pinus taeda) may be most 

critical for the timber industry.  By the end of the century, loblolly pine is predicted to move 

north and east out of its present range into Kentucky and further, implying reduced 

performance and presence in its current range (Iverson 2006).  Changes in distribution of 

forest types are likewise significant, but difficult to generalize. It can safely be said that the 

major timber-producing species of the South will be displaced northward into what is now a 
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grain-producing region, and that there is a major shift and reconstitution of the forest 

communities in most of the Eastern U.S.  Some authors also project that, due to changes in 

temperature and precipitation, loblolly pine will be eliminated in the southernmost portions 

of its range. Further complicating the issue, due to the complexity of modeling range shifts, 

no continental-scale model of such interactions has been developed, despite its potential 

significance (Shugart 1998, Iverson 2002).  Most likely, the issue of migrating forests is still 

somewhat less important for the plantation forestry industry, because foresters can plant 

species appropriate to new climatic conditions.  However, some doubt remains as to 

whether landowners are able to react quickly enough to habitat changes, or will be willing 

to convert to forest production should ranges shift into areas where forestry is not a 

traditional land use. 

Section 3: Effects of Fertilization and Temperature on Forest Productivity 

3.1 Vegetative Growth and Carbon Sequestration 

At the most basic level, forests have the potential to sequester carbon because, as they 

grow, trees construct their tissues of carbon-based components.  The efficiency and 

effectiveness at which a tree grows, however, determines whether or not it will act as a sink 

or a source.  A stand of trees is a C sink if the uptake of carbon in photosynthesis exceeds 

the losses of CO2 in total ecosystem respiration and volatile organic compounds.  In general, 

a stand has the potential to be a C sink in the daytime and a C source in the night, a C sink 

in the summer and a C source in the winter.  Depending on the stage in the trees’ life cycle 

and the forest management regime, a stand at any given time will be a sink or source of 

varying strength (Hyvonen 2007). 
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Any measure that increases productivity in a forest, therefore, may decrease atmospheric 

carbon by removing carbon from the air to the growing terrestrial sink (Sedjo 1989, 

Johnson and Kern 1990, Smith et. al 1993, Dixon et. al 1994, Norby 2002,), barring other 

factors.  Absent human intervention, forests may gain productivity as an effect of climate 

change by several different mechanisms: CO2 fertilization is one of them (IPCC 2007).  

Many studies have shown that increasing CO2 increases tree growth (Norby et al. 1999, 

2005, and others) through a direct increase in photosynthesis (Saxe et al. 1998, Medlyn et 

al. 1999), compounded by leaf area.  Although our understanding is imperfect, mature and 

immature trees seem to respond physiologically in the same ways to increased CO2.  In 

general, this results in an increase in net primary productivity (NPP), which can result 

from either an increase in leaf area and light absorption at low LAI (leaf area index), and 

increased efficiency of light use at high LAI (Norby et al. 2005).  While the direct 

physiological effects are clear, evidence suggests that the CO2 fertilization effect is heavily 

moderated by factors including nutrient dynamics, species composition, age dynamics, 

water availability, and other factors (reviewed by IPCC 2007).  For example, increased 

temperature increases photosynthetic rate in the simplest interactions, but not necessarily 

so when considered with other factors (Sigurdsson et al. 2002).  The integration of carbon 

fertilization with other limiting factors is neither well understood at large scales, or well 

integrated into most models (IPCC 2007). 

Forest age plays a distinguishing role in determining the distribution of carbon pools and 

fluxes in forest ecosystems (Pregitzer and Euskirchen 2004).  Forests continually act as net 

carbon sinks until high ages, and the carbon pool continues to increase until great age 

(Schulze 2000).  Forest’s highest levels of assimilation and respiration have been estimated 
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to occur between 30 and 80 years of age (Schulze and Buchmann 1999) or 10 and 60 years 

(Hyvonen 2007).  Some authors presume a gradual decline in net ecosystem productivity 

(NEP) after these age classes (Hyvonen 2007), while others state that NEP can be 

maintained within the same ranges for ages up to 160 years, essentially remaining neutral 

but not increasing (Schulze and Buchmann 1999, Lloyd et al. 2002, Law et al. 2003, 

Carrara et al. 2004, Kolari et al. 2004).  Even forests as old as 160 years are within the 

same range as those of 30-80 year age (Schulze and Buchmann 1999).  Soil carbon pools and 

living biomass carbon pools reach their highest levels in these old forests, meaning that 

total ecosystem carbon is at its largest in the oldest age classes (Pregitzer and Euskirchen 

2004).  The age-related trend for NEP seems to be poorly documented for the postmature 

stage (Hyvonen 2007), but in general, young trees are stronger C sinks than old stands 

(Hyvonen 2007).  However, forests in very young age classes often act as carbon sources 

because of increases in heterotrophic soil respiration following disturbance (Pregitzer and 

Euskirchen 2004), and concomitant decreases in the size of soil C pools.  The importance of 

age class in determining carbon accumulation has led to rotation age being an important 

recommendation for any forest managers who may wish to maximize sequestration. 

The differences between old and young forests, in terms of carbon balance and uptake, are 

nuanced.  Since carbon lost to respiration will be reassimilated at the growth rate, old 

growth forests and young forests have equivalent net exchange except that older forests 

have larger net carbon pools (Schulze 2000).  In older forests, rates of assimilation are 

smaller but the pools themselves are larger.  Most accumulation goes toward maintaining 

the larger trees’ biomass, not accruing new biomass (Schulze 2002, Korner et al. 2005). 
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3.2 Stand and Landscape-level responses 

Free Air CO2 Enrichment (FACE) studies suggest that tree growth rates will increase with 

increasing levels of atmospheric CO2, but these effects are expected to diminish over time as 

tree communities adjust to increased CO2 levels (IPCC 2007).  Korner et al. (2005) showed 

that large, mature forests respond physiologically to elevated CO2 similar to younger trees, 

though it is still not clear whether stimulation by elevated CO2 will persist over many 

decades, particularly if sink activity is limited by nutrient availability (Sigurdsson et al. 

2001, Korner 2003, 2006, van Groenigen et al. 2006)  Oren et al (2001) found that soil site 

fertility was a significant limiting factor to wood carbon sequestration, and that increases 

in site fertility concomitantly increased carbon sequestration. 

The IPCC (2007) states that climate change is expected to increase forest productivity by 10 

to 20% over the next century, though this figure is not specific to the southeast region.  

Similarly, carbon sequestration by trees is expected to increase along with increased 

productivity from the carbon fertilization effect; it will peak before mid-century and then 

weaken or reverse, thereby amplifying climate change (IPCC 2007).   These IPCC 

projections are not specific to the South however, and in the South, vegetation decline, 

based on fire intensity due to decreased rainfall, is beginning now and will continue for the 

next two or three decades (Aber et al. 2001).  Thus, other factors may regulate or cancel out 

the effects of CO2 fertilization (Aber et al. 2001). 

3.3 Effects on loblolly pine (Pinus taeda) 

Physiological response of loblolly pine to CO2 fertilization mirror the complexity hinted at 

above.  For instance, Alemayehu et al. (1998) showed that growth and productivity of 

container-grown loblolly pine seedlings increases with increased CO2 concentration; many 
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other studies have shown the beneficial direct effects of CO2 concentration on productivity 

(see IPCC 2007).  Unfortunately, in a complex environment, direct effects frequently do not 

provide an accurate picture when combined with other interacting factors.  Though 

container CO2 fertilization studies often suggest an increase in productivity, modeling by 

McNulty, Vose and Swank (1998) found a decrease in net primary productivity across the 

Southern United States for loblolly except in cool, high-elevation areas.  Considering all 

parts of its current range, this model predicts an overall NPP reduction of 42% and a range 

reduced by 46%, with one scenario predicting up to 100% loss of production over the 

southernmost portions of loblolly’s range.  Conversely, Sampson et al. (1998) found that, for 

the majority of models, NPP increased across the South for loblolly pine.  Potential for 

differences in NPP are set by LAI present and moderated by soil water-holding capacity, 

but determined by local climate projected for the region.  Differences in NPP ranged from -

1% to +94% under a doubling of atmospheric CO2. 

3.4 Effects on Litter and Soils 

Considerations of forest carbon sequestration should also take into account that a large 

amount of forest carbon is sequestered in non-tree biomass, such as the soil carbon pool and 

detrital residues.  Carbon stocks in soil exceed those in vegetation 2:1 in northern 

temperate forests to over 5:1 in boreal forests (Dixon et al. 1994, Schlesinger 1997).  Thus, 

changes in soil C stocks can be more important than changes in vegetation C stocks for 

forest C budgets (Medlyn et al. 2005). Management of the forest should also include 

management of these other carbon sources.    A meta-analysis by Jastrow et al. (2005) 

concluded that, although most experiments have been unable individually to document a 

response of soil, collectively, in outdoor studies lasting at least two years, soil carbon in 
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elevated-CO2 situations increased by 5.6%, though other authors have found evidence for 

both increased (Schlesinger and Lichter 2001, Hoosbeek 2004) and decreased organic 

carbon content (Heath et al. 2005).  Others have found that soil organic carbon did not 

change unless significant amounts of nitrogen fertilizer were added (van Groenigen et al. 

2006).  Further confusing the issue, soil carbon stocks will respond to other aspects of 

climate change as well, particularly temperature increases and carbon fertilization 

(Hyvonen et al. 2007). 

Hyvonen et al. (2007) state that most studies on the effects of elevated CO2 have focused on 

litter properties.  Elevated CO2 is expected to produce energy rich but nutrient poor (high 

C:N ratio) litter (van de Geijn and van Veen, 1993).  Experts hypothesize that plant tissues 

grown in elevated CO2 would decompose more slowly, with negative effects on nitrogen 

cycling and, in turn, on plant growth enhancement, although review found that leaves 

grown in elevated CO2 did not reduce litter decomposition rates significantly (Norby et al. 

2002).  Furthermore, decomposition of coniferous litter occurs more slowly than deciduous 

litter (Hyvonen 2007).  Thus, C accumulations of soil and litter in pine plantations is likely 

to be higher than mature hardwood forests in the Southeast (Palmroth et al. 2005).  A 

meta-analysis on these issues showed that litter decomposition was stimulated at sites with 

low deposition or high quality litter, and hindered at sites with high deposition or low-

quality litter (Knorr et al. 2005). 

Although carbon fertilization is a well-studied phenomenon, other means of increasing site 

fertility also increase productivity.  Nitrogen fertilization has been suggested many times 

as a means to increase productivity.  Canary et al. (2000) found that fertilization not only 

increased C sequestration in Douglas fir stands, but also in deep soil horizons.  It has also 
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been noted that atmospheric N deposition, which has increased since the 1950’s, has also 

contributed in a minor way to carbon sequestration in forests (Nadelhoffer 1999).  

Production in most northern temperate and boreal forests is chronically restricted by lack 

of N (Tamm 1991, Vitousek and Howarth, 1991), so addition of nitrogen is expected to 

increase productivity, although thus far this effect has not been established. 

Despite the potential significance of carbon and nitrogen fertilization, Caspersen et al. 

(2000) suggest that only a very small percentage of carbon accumulation is due to nitrogen 

or carbon dioxide fertilization.  Land use, particularly regrowth of forests after 

abandonment, reduced harvesting, and fire suppression, contributes far more to 

accumulation.  Caspersen et al. (2000) state that, as forest land cover achieves historical 

levels, net carbon accumulation in the sink as a whole will reach a plateau which can only 

be minimally enhanced by fertilization effects. 

Section 4: Disturbance and Catastrophic Events 
The possibility of increased catastrophic weather events, and their unpredictably powerful 

and sudden effects, has been an ongoing human concern even before the influence of 

climate change.  In the forestry sector, effects of wind and hurricanes can destroy entire 

stands, and large enough disturbances can disrupt carbon balance over entire regions.  

Over the course of the century, hurricanes are likely to increase in severity and frequency 

as climate change progresses (Emanuel 2005); future trends in hurricane frequency and 

intensity remain very uncertain, though detailed models predict increases in both 

precipitation and peak wind speeds (IPCC 2007).  A single hurricane event can convert up 

to 10% of annual sequestered carbon into dead or down biomass; and, given that it takes up 

to 15 years for a forest to recover from a hurricane, carbon losses occur either directly from 
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biomass losses or indirectly from lost sequestration capacity (McNulty 2002).  Increased 

frequency and severity of hurricanes will hasten the destruction of coastal plain forests 

throughout the Southern region (Devall and Parresol 1998). The coastal cypress-tupelo 

forests that evolved to withstand hurricanes may be most at risk from sea level rise, 

another product of climate change (Devall and Parresol 1998). 

In addition to hurricanes, other catastrophic weather events, such as tornadoes and wind 

and ice storms, are also powerful sources of damage to forests.  Ice storms, tornadoes, and 

wind downbursts all have catastrophic effects causing both immediate carbon loss and 

decreased future sequestration capacity.  How forests in a high-CO2 atmosphere will react 

to these storms is unclear, although some preliminary evidence shows that elevated CO2 

may reduce carbon transfer from living to dead biomass (McCarthy 2006). Unfortunately, 

current models are incomplete, and too coarse to accurately predict changes in tornadoes or 

ice storms (Peterson 2000, Irland 2000) 

Climate change could also promote the rapid increase of diseases and pests that attack tree 

species (IPCC 2007).  Since insect pest species are ―cold-blooded‖, their life history and 

distribution depend on thermal habitat (Logan et al. 2003).  Thus, their relationships with 

their host trees are likely to be significantly affected by increases in temperature due to 

climate change.  Accordingly, the majority of species-specific studies and modeling to date 

has predicted intensification in all aspects of outbreak behavior (Logan et al. 2003).  

Naturally, individual species responses to climate change, such as changed population 

growth rates, must be assessed at the species level (Ayres and Lombardero 2000, Logan et 

al. 2003). 
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One pest species of most concern to the forestry industry of the South is southern pine 

beetle (Dendroctonus frontalis).  Like other insects, the effects of climate change on 

southern pine beetle’s life history and distribution is likely to be positive.  Ungerer et al. 

(1999) found that an increase in minimum annual temperature of 3 degrees F would extend 

the range of southern pine beetle north by 170 km, and may expose new species to attack.  

Gan (2004) found that increasing winter and spring temperatures may increase likelihood 

of southern pine beetle infestation up to 5 times over current levels, with damage 

attributable to pine beetle increasing up to 7.5 times. 

Section 5: Carbon Sequestration in Managed Forests 

5.1 Commercial Systems Management for Carbon 

The management of commercially logged systems has enormous potential to impact carbon 

sequestration.  While the choice of how much to harvest has perhaps the greatest impact, 

the methods of harvest, rotation, stocking, thinning, and other management choices 

influence the amount of carbon on a given stand, the rate of recovery after harvest, and the 

amount of carbon released during harvest.  The cumulative effects of these choices cannot 

be overlooked.  Management recommendations are usually based on understanding of the 

biology of carbon sequestration. 

Some general recommendations deal with overall level and intensity of stand management, 

as this affects other carbon activities on a stand.  Intensively managed forests behave as 

strong C sources following clear-cutting and site preparation activities; however, they reach 

maximum C sink strengths earlier than lightly managed forests (Hyvonen et al. 2007); 

lightly managed or unmanaged stands reach a lower maximum strength and at a later age.  

Unmanaged stands are either close to neutral or weak C sinks in the postmaturation phase 
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(Hyvonen et al. 2007), though how this compares to managed stands is unclear.  Intensive 

management may have other associated climate challenges, such as increased stress on 

watersheds in the managed system; such issues must be carefully balanced when choosing 

management options at a specific site. 

In commercial systems, the physical impacts of logging and thinning create carbon impacts.  

Destructive harvest methods leave more residue and destroy non-harvest trees; the quick 

―pulse‖ of respiration from decomposition of this down wood is a large carbon source, so 

minimizing it is important.  In tropical forests, low-impact logging decreases the 

destruction of non-harvest trees by directional felling and reduces the amount of residues 

left behind.  Furthermore, the decrease in the use of large equipment reduces soil 

compaction and disruption, an important consideration when soil carbon pools may equal or 

exceed above-ground pools.  Thinning practices in all forests follow the same 

recommendation as logging, though stocking stands for some consideration.  Thinning 

regimes which increase stocking of the tree populations increase the mean carbon stock in 

the forest and the timber yield regardless of tree species (Briceno-Elezando 2005), and high 

stocking is recommended if carbon sequestration is a priority (Hyvonen 2007).  In the long 

term, thinning has only a small effect on carbon sequestration in managed stands, as long 

as thinning operations are not severe.   

Rotation length is perhaps of most importance to management recommendations, as it 

represents the fine balance managers must strike between maintaining profitability and 

maximizing carbon stocks.  In particular, rotation length is the most direct way land 

managers have to determine age class of trees, which is the most important determinant of 

a tree’s overall capacity for carbon accumulation.  Biologically, Liski (2001) states that some 
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rotation is optimal rather than simply allowing forests to reach old growth stages.  Longer 

rotations generally are recommended, though rotation length must be optimized for each 

species individually (Liski 2001).  The authors also noted that the entire carbon stock, from 

stemwood, wood products, and soil, must be considered when determining rotation (Liski 

2001). 

When carbon is not a priority, however, rotation length has more to do with economic 

constraints as with sequestration, since the harvest schedule directly determines cash flows 

into any timber-managing business.  When these two factors are considered together, 

particularly if carbon is priced, rotation recommendations can become complex or even 

contradictory.  For instance, some authors have suggested that if the price for carbon is 

high enough, it may become optimal not to harvest forests at all.  Some recommendations 

by economists are discussed in the following section. 

Since any activity that increases productivity on the stand increases C capacity, 

fertilization with N and other nutrients seems like an intuitive choice for landowners 

seeking to maximize carbon sequestration, if economically acceptable.  In addition, nitrogen 

fertilization may decrease decomposition of soil organic matter in the long run, leading to 

an increasing carbon stock in the soil profile (Johnson 1992, deWitt and Kvindesland 1999, 

Johnson and Curtis 2001, Nohrstedt 2001, Freeman et al. 2005) 

Choice of tree species stocked and resulting stand composition may have major impact on 

the C-stocking ability of the ecosystem.  For example, mixing birch or other deciduous 

species with spruce and pine may increase C stocking capacity (de Wit and Kvindesland 

1999, McCarney et al. 2008); yellow birch has higher sequestration capacity than softwoods 



 
 

23 
 

(Krankina et al. 2005).  Deciduous trees generally have higher C stocking at similar 

volumes than conifers (Jenkins 2003; Neilson et al. 2007; Brown and Schroeder 1999).  

Conversely, ecosystems dominated by conifers, in many cases, sequester C more effectively 

than ecosystems dominated by deciduous species (Hyvonen et al. 2007), because the growth 

rate of conifers is greater over a longer period than most deciduous trees.  Overall, tree 

choices must be optimized for the relevant region, but recommendations for the Southeast 

generally focus on softwood pine for their high rates of productivity. 

5.2 Treatment of Litter and Residue on Managed Stands 

Scholarly sources seem to be unclear on how litter and residue carbon pools should be 

handled aside from noting their importance (Birdsey 2006).  Immediately after harvesting, 

decomposition of organic matter from harvest residues dominates net ecosystem exchange 

and respiration (Janssens et al 2001, Whitehead et al. 2004).  Perhaps for similar reasons, 

Eriksson et al. found that slash and stumps should be removed to optimize carbon net 

storage (2001).  Despite this, some have recommended that residue or litter should be 

maintained in the forest after logging or silvicultural activities (Dixon 1994).  This may 

reflect the fact that these residues contribute to accumulation in soils.  Ultimately, the two 

management options reflect a conflict between desire to minimize a pulse of respiration 

following harvest, or to maximize long-term carbon storage.  Which of the two is most 

beneficial would require extremely precise modeling and accounting. 

Section 6: Economic Influence of Carbon of Forest Harvesting and Markets 

6.1 Estimates on Market Price or Optimal Price for a Tax 

Economic mechanisms have been put forth as policy tools as a means of mitigating climate 

change and reducing carbon emissions.  These mechanisms have included emissions 
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trading and carbon taxation.  These various policy tools have the same goal of using 

economic incentives and behavior to reduce overall carbon emissions.  However, their 

ultimate manifestation results in different effects to affected industries and the public. 

Emissions trading schemes can vary slightly, but all begin when a central authority sets a 

limit on the total amount of a pollutant that can be emitted.  The limit is allocated or sold to 

firms in the form of permits representing the right to emit a certain amount of pollution.  

Firms are required to hold a number of permits equal to their emissions.  Firms that must 

increase their emissions may then buy permits from firms that can reduce them, who can 

sell them at a profit (Stavins 2001).  The total amount of emissions is capped by the total 

number of permits that are initially allocated.  This scheme, often known as cap-and-trade, 

allows those who can reduce emissions at the least cost to do so, while heavy polluters pay 

for their polluting activities.  A notable variant, baseline-and-credit, allows those not 

subject to the cap to create credits by reducing emissions to a certain level.  These credits 

are then eligible for sale by those subject to the cap (Chomitz 1999).  

A carbon tax, as its name suggests, is a tax levied on the carbon content of fuels and factors 

of production.  A carbon tax implicitly sets a price for carbon dioxide emissions (Hepburn 

2006).  By causing them to be priced factors of production, a carbon tax increases the 

competitiveness of non-carbon technologies while raising revenue.  Most proposed carbon 

tax frameworks do not include a way for non-polluting activities to be involved.   

In the following sections, taxes and emissions trading schemes are referred to by name.  In 

some cases, authors refer to a carbon ―subsidy‖ or payment.  These terms are used to refer 

to any payment garnered for a carbon-reducing or sequestering activity.  In most policy 
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frameworks, no subsidy of the traditional kind has been proposed, and authors are instead 

referring to a hypothetical payment from any source, for instance, from a policy tool that 

has not yet been developed.  They are also used to refer to payments from carbon offsetting 

or crediting.    

If economic mechanisms are to be used in climate change mitigation, the importance of 

fixing a market price for carbon is clear.  However, despite the importance of determining a 

market price for carbon, the literature does not provide a consensus view on marginal GHG 

damages and the optimal tax rate for a carbon tax, although suggestions abound.  For 

instance, Metcalf (2009) reports that Nordhaus, in a forthcoming report, estimates optimal 

carbon tax rates to be $11/ton in 2015 in 2005 dollars.  Paltsev et al. (2005) suggested a rate 

of $18/ton that rises over time at 4% per year in real dollars to achieve a target in 2100 of 

550ppm CO2.  The prices this paper calculated for the various proposals in Congress in 

2007 ranged from $7 to $50 depending on the policy scenario.  Metcalf (2009) himself 

suggests a rate of $15/ton, to increase over time, with additional incentives or costs in the 

form of tax credits. 

6.2 The Effect of Discount Rates 

Naturally, the effect of discount rates changes both the price of carbon and the amount of 

carbon sequestered through forestry.  Newell and Stavins (1999) examined the effect of 

increasing discount rates on pine plantations, both with periodic harvesting and without.  

They found that, as discount rates increased, this caused marginal costs of sequestration to 

increase monotonically because of decreased equivalent net present values of sequestration.  

However, overall forestation increased in the case of a tax or subsidy, as this up-front 

payment became more important compared to future payments.  Most interestingly, as 
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discount rate increases, the impact on induced sequestration is not monotonic or linear.  

Rather, the increase first increases sequestration, then causes a decrease.  This switch in 

effect is caused by the competing influences of land-use change and the present-value 

equivalent of sequestration per acre.  At first, the land-use effect dominates, so with higher 

discount rates more forestation and more sequestration occurs.  However, then the effect of 

smaller present values per acre begins to dominate, and sequestration again falls away.  It 

should be noted that all calculations in this analysis presumed a ―tax‖ or ―subsidy‖ of 

$50/acre, though this could also take the form of a market-based carbon payment. 

6.3 Influence on Supply 

Carbon, if it is assigned a price, is likely to have a dramatic effect on the forest products 

market.  If timber owners can use their lands to generate carbon credits in a cap-and-trade 

scenario, this will influence the management decisions they make with their property, and 

therefore the supply of timber.  For instance, in a situation where a tax or subsidy is levied, 

lengthened rotations are projected to cause an increase in the long-term supply of timber 

(van Kooten et.al. 1995).  Sohngen and Mendelsohn’s optimal control model also found an 

initial decrease in supply as landowners lengthen their rotations, then an eventual increase 

in supply by 14% in 2100 under certain conditions and 34% in uncertain cases (2002). 

Certain kinds of timber products may preferentially show an increase in supply under such 

scenarios.  For instance, Pojhola and Valsta (2006) found that a carbon tax/subsidy program 

yielded an increase in sawlogs and a decrease in pulpwood yield.  They also found an 

overall supply increase.  Conversely, when a carbon subsidy or tax was not applied, some 

authors found a drop of timber supply of some magnitude to reduced harvesting when 

carbon became a priority (Neilson et al. 2008).  This study focused on optimal sequestration 
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when considering how to maintain current timber supplies, but did not add a tax or subsidy 

to their analysis. Neilson et al. still found that their mixed stand could increase C 

sequestration by 3 tC/ha without compromising other socioeconomic constraints, such as 

supply (2005). 

Interactions with other aspects of climate change may have an effect on timber supply as 

well.  For instance, Kirilenko and Sedjo (2007) noted that both range shifts and the carbon 

fertilization effect will tend to increase yields and supply.  Furthermore, range shifts and 

potential increases in production in temperate and boreal forests may decrease disparities 

in demand and supply in Northern latitudes, decreasing demand for tropical forest 

products.  Supply will be impacted for other uses as well, such as enhancing the potential to 

use biomass energy. 

Any program affecting supply of timber will also influence timber prices, and carbon 

programs are no exception.  In response to carbon crediting, Sohngen and Mendelsohn 

(2002) mention an eventual decrease in global timber prices as more timber enters the 

market.  Kirilenko and Sedjo (2007) also noted that increased supply in the timber market 

will tend to decrease prices. 

6.4 Supply of Species or Types 

McCarney et al. (2008) found drops in production of certain tree species under a carbon 

crediting scenario, particularly if they were slow-growing.  In their boreal forest model, 

black spruce was gradually phased out of production altogether, and harvesting in aspen 

and mixed stands was gradually reduced until it eventually ceased.  However, white spruce, 

a conifer, saw a concomitant production increase.  Sedjo and Kirilenko (2007) note that 
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many models show a poleward shift in the range of many of the most important timber 

species, allowing for an increase in production as ranges widen.  The range shift will most 

likely impact Canada and Russia the most, with most increased opportunities for 

management in the Nordic countries. (Sedjo and Kirilenko 2007).  The poleward shift, 

however, will only lead to a production increase if landowners in these new range zones 

choose to cultivate them, another matter altogether. 

6.5 Influence on Rotation Length in Forest Plantations 

Of all the sectors affected by carbon finance, timber rotation is perhaps the most direct and 

quickly influenced.  Timber rotation is, fundamentally, a function of when it ceases to be 

cost-effective to grow trees, and is therefore related to both revenues and to the rate at 

which trees accumulate biomass.  When trees are being managed to sequester carbon, this 

point is reached later, though how much later depends on the method used to calculate 

optimal rotation.  According to van Kooten et al. (1995), several methods of determining 

optimal rotation age can be used, each with slightly different implications and results.  

These are maximum sustainable yield, which deals with physical volume; Faustmann 

rotation, which deals with maximizing NPV of timber income; and Hartman rotation, which 

maximizes NPV of timber and nontimber values.  According to van Kooten et al. (1995), 

when carbon uptake benefits are taken into account, the optimal rotation age is no longer 

the optimal Faustmann age.  This is because, since growth rate is proportional to carbon 

uptake, it becomes more important than just standing age or volume.  van Kooten et al. 

(1995) and others have found that, in a situation with carbon taxes and subsidies, it may 

not be optimal to harvest old-growth forests at all, or even planted ones; this is dependent 

on the magnitude and frequency of the carbon payments.  Even if it is optimal to harvest 
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them, rotation ages increase by about 20% when no benefit or cost is associated with 

carbon.  Other kinds of benefits can also lead to this result (Hartman 1976). 

6.6 Costs of Carbon Sequestration 

The cost of carbon sequestration is an important consideration that will directly influence 

landowner decisions about using their lands for this purpose.  Dudek and LeBlanc (1990) 

considered the costs of using trees planted on lands in the Conservation Reserve Program, 

and estimated them to be $26.75-$43 per metric ton ($6.64-$10.67 per short ton).  When 

other methods were considered, such as the use of CO2 scrubbers, they found costs of 

sequestration to range between $1.35 and $59.41 per short ton, with tree planting being the 

least expensive option.  van Kooten et. al (1993) found similar costs in Canada, and also 

found that afforestation of marginal agricultural land and reforestation of denuded forest 

lands was preferable to fuel switching in terms of cost.  Conversely, Sohngen and 

Mendelsohn (2002), in a larger-scale global study of carbon abatement costs, found carbon 

sequestration to be more expensive than ―previously thought‖, and particularly expensive 

compared to energy abatement.  The ranges identified using these methods are very wide, 

with differences that depend on model assumptions.   

6.7 Marginal Costs 

The marginal cost of estimating carbon sequestration is important because marginal cost 

frequently has the most influence on individual landowner decisions.  Various methods for 

estimating the marginal cost of sequestration exist, each of which has its own strengths and 

shortcomings as a method (mentioned in Lubowski et al. 2006) which can influence the 

accuracy of the estimation.  Take, for instance, bottom-up or engineering cost methods.  In 

this method, marginal cost schedules are constructed from information on revenues and 
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costs of production in different land-use activities, and sorted in ascending order of cost.  

Lubowski (2006) mentions that this method may not accurately represent landowner 

choices for various reasons.  Liquidity constraints or decision-making inertia, non-

pecuniary returns for forest land, landowners wanting to retain options, and landowner 

hesitance to make irreversible investments in the face of uncertainty are all individual 

decisions that bottom-up cost methods cannot take into account.  Lubowski et al. (2006) 

instead used an econometric method wherein they estimated landowner behavior using a 

tax for undesirable carbon activities and a subsidy for desirable ones, to more accurately 

reflect how landowners might behave with these incentives for action. 

Newell and Stavins (1999) performed one of the longest-projected carbon sequestration cost 

studies. This study found rising marginal costs and increased deforestation in a natural 

mixed deciduous stand with carbon sequestration, although when periodic harvesting was 

eliminated, marginal costs decreased.  By contrast, in a managed pine plantation, they 

found increasing marginal costs and decreased deforestation across the board.  In their 

model, costs of sequestration rise linearly until they reach about $66/ton, at a sequestration 

rate of 7 million tons (which was associated with a tax/subsidy of about $100/ton).  Newell 

and Stavins’ (1999) curves beyond this increasingly depart from a linear trend, and 

eventually become asymptotic at 16 million tons per year, implying that costs cease to rise 

or fall at this amount of sequestration.  The asymptote was likely the product of the total 

forested acres approaching the size of the study area.  By contrast, Lubowski et al. (2006), 

which ran over a similar time scale, found marginal cost projections that were much more 

linear and reached no asymptote in the study time frame.  Lubowski et al. (2006) state that 

this is due to the substantially larger amount of area converted to forest in their model, 
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which included rangeland and other land uses.  Newell and Stavins included only cropland 

conversions  Other authors have computed marginal costs of carbon sequestration, though 

have not analyzed them as comprehensively or with as much sequestration considered (i.e. 

Adams et al. 1993, Callaway and McCarl 1996). 

6.8 Efficiency of Carbon Sequestration 

The economic efficiency of carbon sequestration and carbon financial mechanisms is a 

question with important implications.  Carbon pricing methods, such as taxes or cap-and-

trade, are promoted for various reasons, but often with the economic underpinning of 

placing a price on a currently unpriced factor of production, carbon.  However, pricing a 

commodity that was previously unpriced has immediate efficiency effects on related sectors; 

carbon pricing of any kind has efficiency costs (Metcalf 2008).  Metcalf (2008), for example, 

states that carbon pricing of any sort is a form of tax on inputs and results in market 

distortions.  However, under his analysis, he finds that efficiency loss under the scheme he 

proposes is less than 0.5%, and mentions that this revenue can be used for other purposes 

such as lowering other distortionary taxes.  In addition, it is important to note that 

differing types of carbon financial mechanisms have their most immediate effects on certain 

industry sectors.  Carbon taxes are directly applied to emitters, while subsidies are directly 

applied to landowners; thus, the effects of these mechanisms are most immediate in these 

areas.   

For landowners, carbon taxes and subsidies sometimes have predictably positive effects.  

Pohjola and Valsta (2008) found that a carbon tax/subsidy program significantly increased 

NPVs for landowners.  Conversely, McCarney et al. (2008), who were testing with the added 

constraint of wildlife habitat, found a sharp decrease in NPV at any habitat quantile 



 
 

32 
 

between the 235 and 240 MTC constraints.  The implications of the results on landowner 

behavior in these cases would depend on individual landowner priorities. 

Carbon prices may have more far-reaching effects beyond the influence on forest 

landowners.  For instance, carbon prices may decrease attractiveness of agriculture or other 

land use activities, even going so far as causing agricultural land use to change to 

afforestation (Lawson et al. 2008). Grazing or rangeland is particularly likely to change this 

way.  If carbon credits or incentives are priced high enough, there could be an increase in 

plantations planted solely for sequestration purposes, not for harvest at any age (Lawson 

et. al 2008).  This finding mirrors van Kooten et al (1996), who found that a carbon subsidy 

may keep some forests from being harvested at all.  Such effects depend on the market 

price offered for carbon and how it compares with revenues gained from other activities. 

Section 7: Conclusions 

Climate change has the potential to impact Southern forests in ways that are 

unpredictable, and while some benefits are possible, many others are likely to be 

detrimental.  Wildfire, drought, pest disturbance, and other changing and novel conditions 

are likely to aggravate stresses on already-fragmented landscapes.  However, forests 

worldwide offer potential for mitigation of climate change, for by their very nature, they 

remove carbon from the atmosphere; and the significance of forest carbon in domestic 

efforts should not be underestimated.  Understanding the threats arrayed against forests 

can help prepare us for the management challenges they will face, while showing the 

possibilities for forest mitigation. 
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The issue becomes somewhat more complex when economic forces are called into play, and 

the resulting effects on how market forces are integrated into a climate change mitigation 

scenario.  In general, market efforts such as a carbon subsidy or offset program show 

complex effects on the forestry sector and individual landowners.  Economic components 

with payments to landowners for carbon storage are apt to lead to longer rotations in 

general, and some species shifts, but the exact effects will vary depending on bulk growth, 

returns, and carbon prices.  
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Chapter 2: Forest Carbon Budgets and Cash Flows in the 

USFS: Methods and Results 

Section 1: Objectives and Rationale 

1.1 Forest Contributions to Climate Change Mitigation 

Climate change is a serious threat to ecological and human health.  However, climate 

change is known to be caused by anthropogenic activities, mainly fossil fuel combustion and 

deforestation. Thus, changes in human behavior have the potential to mitigate climate 

change by slowing the rate of carbon dioxide emissions.  While reductions in fossil fuel 

combustion are likely to be most important, forest-sector carbon reductions are likely to be 

a significant component of carbon mitigation as well.  Current forest sequestration annually 

offsets about 11 percent of U.S. carbon emissions (EPA 2005).  Forest-related reductions in 

atmospheric CO2 including afforestation and forest management, increase this percentage.  

They are also likely to be favored because of their relatively low cost and quick time scale 

compared to technological advances.  In addition, the Southeast is one of the regions 

showing the greatest potential for greenhouse gas reductions in this manner (EPA 2005). 

1.2 The Role of Public Lands 

Legislative action, however, cannot compel the behavior of private landowners beyond 

offering incentives for action.  Legislation could, however, require action by United States 

public lands, such as the Forest Service.  U.S. public lands currently store significant 

amounts of carbon:  currently, they constitute over 20% of timberland area, and over 30% of 

U.S. timber volume (Depro et al. 2009).  Depro et al. (2009) estimate that changes in timber 

harvesting on public lands could increase sequestration by 17-29 million metric tonnes of 

carbon per year between 2010 and 2050 in the most extreme cases, representing an 

additional 1.5% of U.S. carbon emissions. 
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Should a comprehensive climate change program be implemented, these public sources and 

sinks of forest carbon must be accounted for in the requisite carbon budgets.  Such uses of 

public land are consistent with the Forest Service mission of providing for the needs of 

future generations and the health of the nation’s forests and rangelands.  Even without 

required action, Forest Service carbon storage activities could proceed voluntarily, receiving 

carbon payments similar to timber payments.  Such payments present opportunities for 

additional revenues and would provide an accurate price signal to a carbon market, but 

may be subject to procedural and sociopolitical constraints. 

1.3 Requirements of Carbon Offsetting Programs 

In either of these cases, forest carbon offsets would likely be required to comply with 

established industry practices.  In particular, carbon offsets of any kind must demonstrate 

additionality, or that project reductions occur in addition to an established baseline 

scenario.  Only additional projects represent true net reductions.  In project-level carbon 

offsets, only standing forest stocks are considered in determining a baseline.  However, in 

national program-level carbon offsetting schemes, baselines are likely to be determined not 

only by standing stocks, but on projected stocks, such as by examining current deforestation 

trajectories.  Thus, in determining how to analyze National Forests such that activities 

would show additionality, we considered that currently, timber harvests are set as part of 

Forest Service planning operations, and require a full environmental assessment to change.  

Unmanaged forest lands are unlikely to sequester additional carbon without human 

intervention, and the nature of such sequestration cannot be predicted.  Thus, only 

timberlands currently managed for harvest were considered in the following analysis.  To 

mimic a programmatic approach, we also included current planned and used management 

techniques to more accurately project the baseline into the future. 
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Section 2: Research Question 
To investigate the current carbon storage on Forest Service lands, and to investigate how it 

could evolve under a future carbon mitigation scenario, I modeled current carbon budgets 

for three USFS units in North Carolina, and concurrently modeled the current revenues 

and costs the USFS units incur in their management, to develop a business-as-usual (BAU) 

scenario.  Following this, we created a management scenario that maximized carbon 

storage over the same time period, to compare changes in management options and 

economic metrics.  We measured the additional carbon over the BAU scenario and 

calculated additional possible revenue from carbon payments.  The only criterion 

considered for harvest was carbon maximization at the stand level; no further harvest 

scheduling was included.  The standard Forest Service legal requirements for harvesting at 

culmination of mean annual increment or older were included.   

To ensure the site-specific nature of the model, and also to mimic the steps the FS units 

themselves would take were they to undergo the same analysis, we chose to use extant 

stand inventory data taken by personnel on the FS units themselves.  Similarly, we chose 

to use the Forest Vegetation Simulator, a USFS-developed model, such as would be used by 

FS personnel for a site-specific analysis.  The Forest Vegetation Simulator, or FVS, is 

capable of reporting not only tree growth, but other forest-related metrics such as standing 

carbon and economic indicators; thus, it is ideal for an analysis of both tree biomass carbon 

storage and associated economic impacts. 

Despite the importance of soil carbon to forest carbon pools, soil carbon is not included in 

this analysis. The specific effects of forest management on soil carbon are either poorly 

quantified, or in the case of harvesting only, thought to cause only very small net changes 
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(Johnson 1992).  Furthermore, protocols for including soil carbon in crediting or other 

valuation frameworks have, as of yet, only been accepted for carbon on agricultural lands.  

Thus, analyzing forest soil carbon in the context of carbon crediting was beyond the scope of 

this research.     

Section 3: The FVS Model: Capabilities, Limitations, and Data Needs 
―The Forest Vegetation Simulator (FVS) is an individual-tree, distance-independent growth 

and yield model (Dixon 2002). It has been calibrated for specific geographic area variants of 

the United States. The FVS can simulate a wide range of silvicultural treatments for most 

major forest tree species, forest types, and stand conditions.   

The FVS model has several components that work together to simulate forest growth and 

management actions. In addition to a mortality model, there are three main growth 

components of the FVS: a large-tree model, a small-tree model, and an establishment 

model.  The stand is the population unit used to model individual tree interactions. Forest 

inventories are used to set the initial stand conditions. Besides the tree growth, mortality, 

and establishment models, input files include "keywords" the user can manipulate to 

simulate different management scenarios (Van Dyck 2001). There are extensions to the 

FVS regional variants that simulate the influence of other agents upon tree growth, such as 

insect pests and disease. Post-processors are other programs that use FVS output for 

further reporting, display, or analysis—such as visually displaying stands, reporting fuel 

loads and stand carbon, and calculating economic metrics. 

Model execution begins with the FVS model reading keywords to establish the location, 

environment, and stand parameters, after which it reads the tree record file.  FVS then 

computes stand characteristics for the initial year, which is typically the inventory date or 
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the stand regeneration date. Missing heights or crown ratios are estimated using 

established tree growth models.  The model can then backdate tree densities or check for 

designated keyword events (using the ―Check Event Monitor‖ component). 

The model commences growth cycles of both small and large trees, using a time increment 

specified by the user.  Small trees are grown using a height-based model and large trees are 

grown using a diameter-based model; as growing trees transition from small to large, a 

weighting procedure is used to ensure a smooth transition between the two models.  The 

model performs thinnings using criteria specified by the user (such as basal area or age); 

the thinning operations include almost every other silvicultural operation imaginable.  An 

FVS user can also specify keywords using the Event Monitor program component, which 

will check for specified conditions to initialize post-thinning operations.  The FVS estimates 

mortality based on a combination of individual tree variables and stand variables; the 

simulator also includes regeneration routines which may be natural or can depend on user 

specifications.  If the model includes insect and disease impacts, the simulator estimates 

and incorporates these effects.  After projecting these aspects of the stand for the growth 

cycle, FVS computes, summarizes, and records the stand attributes, including volume. 

Volume is computed using corporate equations from the National Volume Estimation 

Library.  The Fire and Fuels Extension also generates reports of carbon that include living 

and dead aboveground and belowground tree biomass.  FVS uses a carbon to dry mass ratio 

of 0.5 for standing trees to compute carbon stocks (Dixon 2002).     

Following this initial cycle, the program tests for more cycles to be performed.  FVS then 

repeats the sequence from the initial "Check Event Monitor" for each cycle until the 

specified number of cycles is completed.  Following this, any specified post-processors, such 
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as the Fire and Fuels or Economic extensions, are initialized.  After FVS completes the 

scheduled cycles, it prints final output file reports and generates files specified by the user 

for running post-processors.  The output files are then available for the user to view and 

interpret. 

Model Validation 
The Forest Vegetation Simulator contains internal protocols for model calibration, which 

are performed for each simulation (Dixon 2002).  When provided with increment 

measurements, the Simulator will compute scaling factors to reflect local deviations from 

the regional growth trends represented in the model (Dixon 2002).  The scale factors 

normally fall between a 0.5 and 2.0, which are applied to the internal growth model to 

provide the best available predictor of performance over the long term.  As the stand is 

projected over time, the basal increment scale factors are moved toward a value that is one-

half the difference between the initial scale factor and 1.0.  The effect of the transition is to 

gradually replace sample-based estimates of increment with model-based estimates (Dixon 

2002). 

 

Despite the internal calibration provided by the model, some deviations from on-site 

conditions and growth trajectories may still be inherent to the model.  Other researchers 

using FVS in the region in question have had varying experiences with the model.  For 

instance, an attempt to calibrate FVS for the Chattahoochee-Oconee National Forest 

planning effort found that their calibration provided only very small differences from the 

model default (Keyser and Stevens 2002).  Other authors working on Fort Bragg, N.C., 

found that the model was projected to over-estimate prior to their calibration attempts, 

although no documentation was provided about the magnitude (Shaw et al. 2006).   
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Our analysis did not perform an initial model validation, and did not perform model 

calibration using internal scaling factors.  Following the analysis, we compared per-acre 

volume and basal area figures from the baseline model output to to McClure and Knight’s 

(1984) empirical timber yields for the Southeast.  This comparison shows that the FVS 

model tends to over-estimate forest growth in both volume and basal area; however, the 

empirical timber yields used calculate basal area only from trees 5 inches or greater in 

diameter, meaning basal area estimates may be low from the empirical studies.   Empirical 

timber yields also lack site-specificity, and therefore may not account for differences in site 

index, initial stocking, or other local factors.  In addition, effects of climate change, such as 

carbon fertilization, may not be represented.  While model over-estimation is a serious 

shortcoming, the model is equally applied to both experimental and baseline scenarios.  

Thus, while individual scenarios may be inaccurate, measures of additionality should not be 

significantly affected.  
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Table 1  Comparison of baseline model outputs to empirical timber yields (McClure and Knight 1982).  Omitted years were 

unavailable for the respective forest type and year.     

  Volume/Acre (cubic feet) Basal Area/Acre (square feet) 

Forest Type Age FVS Model Empirical Yields FVS Model Empirical Yields 

Planted Loblolly Pine 

(Coastal Plain) 

20 2,326 2,276 84 98 

 40 4,447  -  138  -  

 60 6,183  -  179  -  

 80   -    -  

Natural Shortleaf Pine 20  -  2,025  -  79 

 40  -  2,868  -  108 

 60 4,140 3,461 117 127 

 80 5,144 4,957 141 158 

Natural Longleaf Pine 20 2,918 811 112 32 

 40 4,909 2,494 148 86 

 60 6,454 3,247 173 99 

 80 7,230 2,591 181 83 

Natural Oak-Pine (Piedmont) 20  -  2,105  -  58 

 40 1,458 2,566 52 91 

 60 2,456 2,714 78 94 

 80 3,290 3,637 98 118 

Oak-Hickory (Piedmont) 20  -  1,740  -  45 

 40 2,586 2,919 108 99 

 60 4,377 3,306 149 113 

 80 5,791 4,008 178 128 

Oak-Hickory (Mountain) 20  -  1,733  -  38 

 40  -  4,030  -  129 

 60 3,838 3,912 140 122 

 80 5,333 3,875 168 134 

 

 

Section 4: Data Sources and Preparation 
Data for this analysis was obtained from each individual National Forest Service Unit in 

North Carolina directly.  The initial reason for on-forest collection of each dataset varied 

between forests—i.e., some inventories were conducted by the Forests in preparation for 

timber sales, and others for use in FVS.  More important to the analysis was the format of 
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the data.  The Forest Vegetation Simulator requires individual tree records with species, 

DBH, and height.  Other methods of data collection require transformation either before or 

within the model, introducing error. 

 

Data provided by the Croatan National Forest were collected in 2004 and 2005.  The forest 

inventory data were originally taken for use in the Forest Vegetation Simulator.  The data 

represented 56 stands across the forest and consisted of over 2000 individual tree records.  

More recent inventory data were available; however, it was not collected in FVS format, 

and its collection method was less precise than individual tree records.  Because using it in 

the Simulator would have required further transformations, and would have created a large 

disparity in the size of each dataset, and the data was not used to maintain accuracy and 

parity between units.  The data were obtained from the Forest in February, 2010.  The data 

were manually entered into an Excel spreadsheet and manually checked. 

 

Data provided by the Uwharrie National Forest were collected in 2005, 2006, and 2007.  

The data were originally collected as part of timber sales.  Data represented 16 stands 

across the forest and contained about 1500 individual tree records.  Data were received by 

mail from Uwharrie personnel in April, 2010.  The data were manually entered into an 

Excel spreadsheet and manually checked.  In some cases, small regenerating trees did not 

have a DBH recorded, as they had not yet reached breast height.  In this case, a DBH of 0.1 

inches was substituted for each tree.  Because the FVS uses a height-based model for small 

trees, the substitute DBH was not used for calculations; however, its presence is a signal to 

the model not to delete the tree record because of missing information. 
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Data provided by the Pisgah and Nantahala National Forests were collected 2009 as part of 

timber sales.  The data represented 20 stands in the Pisgah National Forest, and over 1500 

individual tree records.  On consultation with Pisgah staff, data were assumed to be 

representative of forests in the Nantahala National Forest as well.  Data were received by 

mail from Pisgah personnel in May, 2010.  Data from the Pisgah NF arrived in .pdf format, 

and a .pdf converter program was used to convert data into an Excel database.  Data was 

then manually checked.  In the case of small trees missing DBH records, a standard DBH of 

0.1 inches was substituted as above. 

Section 5: Methods 
The forest inventory files mentioned above were imported into Access databases in Forest 

Vegetation Survey format, then collectively imported into the Forest Vegetation Simulator  

using a custom script in the Python programming language.  As mentioned previously, to 

ensure that additionality would hold, all current and projected future management 

practices (as identified through individual Forest Plans) were incorporated, in addition to 

general program keywords which were applied.  In general, each site received individual 

keywords based on Forest Plan-identified practices for thinning, regeneration, and criteria 

and practices for cutting.  Each stand was also subject to the same economic metrics as part 

of the Economic extension, and the same carbon metrics as part of the Fire and Fuels 

extension.  All program components were set to run for 100 years. 

 

From the Fire and Fuels Extension, the ―CarbRept‖ keyword was used, which represents a 

comprehensive carbon report of standing carbon throughout the life of the stand.  The 
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standing forest carbon reported by this program feature, which is separate from timber 

reports, was used for all carbon-related analyses.  This module reports total tree volume in 

cubic feet, which is converted to carbon in a ratio of 0.5 carbon to tree volume. 

   

From the Economic Analysis extension, all stands used the ECON keyword, which activates 

the extension and also provides for automatic calculation of net present value (NPV), soil 

expectation value (SEV) and other economic measures.  To represent typical discount rates 

used by the Forest Service, discount rate was set to 4% (Loomis 2002).  Other keywords 

activated were ―HrvRvn‖, which represents harvest revenue per unit-of-measure and is 

used in the calculation of NPV and SEV.  Revenues were specified for use with both 

commercial thinning and harvest revenues.  Prices for the ―HrvRvn‖ keyword were set 

individually for each forest and species, and were obtained from the Timber Mart-South 

First Quarter 2010 report.  Prices were reported using $/thousand board feet using the 

International log rule for chip logs and sawlogs.  Prices for pulpwood were reported in $/ton. 
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Table 2 Harvest Prices by Timber Class, Species, and Region.  Chip and Sawlog Prices Appear in 

$/thousand board feet per International Log Rule; Prices for Pulp appear in $/ton. 

Species Region Harvest Price (Pulp) Harvest Price 

(Chip'n'Saw) 

Harvest Price (Saw) 

LL Croatan 11.49 140 229 

 Uwharrie 11.49 140 229 

 Pisgah 9.66 140 187 

LP Croatan 11.49 140 229 

 Uwharrie 11.49 140 229 

 Pisgah 9.66 140 187 

HW Croatan 7.77  129 

 Uwharrie 7.77  129 

 Pisgah 7.05  97 

Oak Croatan 7.77  202 

 Uwharrie 7.77  202 

 Pisgah 7.05  192 

 

 

On the Croatan National Forest, initial keywords were used to set general site-based 

management criteria.  Total basal area was set to 45 sq. ft/ac, after which total basal area 

was set to 80 sq. ft/ac for site index over or equal to 100, and 60 sq. ft/ac for site index over 

or equal to 80.  For longleaf pine stands, if it was past the first cycle, age was greater than 

130, and percent annual increment was less than mean annual increment, the stand was 

scheduled to undergo a clearcut, followed by plantings of 350 trees per acre.  Thinnings 

from below to a set basal area were set at years 25, 45, and 65 after planting.  For loblolly 
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pine stands, if it was past the first cycle, age was greater than 80, and percent annual 

increment was less than mean annual increment, the stand would be clear cut, followed by 

plantings of 435 trees per acre.  For all forest types, thinnings from below by target basal 

area were set to occur at years 20, 40, and 60, to the total basal area targets above.  Total 

managed timber comprises about 52,000 acres of the 162,000 acre forest, which would be 

applied to later calculations. 

The Uwharrie National Forest divides management practices by forest type, separating 

loblolly and shortleaf pine from longleaf pine.  For stands of type 161 (loblolly), 162 

(shortleaf), 404 (shortleaf/oak) and 406 (loblolly/hardwood), if it is past the first cycle, the 

age of the stand is greater than or equal to 80, and percent annual increment is less than 

mean annual increment, a clearcut is scheduled followed by the planting of 435 loblolly pine 

seedlings.  Thinnings from below to a basal area of 80 are scheduled for years 20, 40, and 

60.  For stands of type 403 (longleaf/oak), if it is past the first cycle, the age of the stand is 

greater than or equal to 130, and percent annual increment is less than mean annual 

increment, a clearcutting is scheduled, followed by planting of 350 longleaf pine seedlings.  

Thinnings from below to a basal area of 80 are scheduled for years 25, 45, and 65.  About 

30,000 acres of Uwharrie lands out of 50,814 are used for timber production. 

The Pisgah and Nantahala National Forests do comparatively less timber management, 

with few management prescriptions and a smaller percentage of total acreage in use.  For 

all stands, if it was past the first cycle, initial stand volume was less than 10 ft3, and 

percent annual increment was less than mean annual increment, a thinning was scheduled 

to 25 trees per acre, followed by a natural establishment model.  For forest types 503 (white 

oak/red oak/hickory), 505 (Northern red oak), and 506 (yellow poplar/white oak/Northern 
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red oak), if basal area per acre exceeds 160, the stand is thinned to a basal area of 70 at a 

50% cutting efficiency.  Of the 1,000,000 acres in the Pisgah and Nantahala national 

forests, about 44,000 are managed for timber. 

Following the initial data run to establish a ―baseline‖ scenario, the initial stand data from 

each site was entered into the model again, using the same keywords from the Economic 

Analysis extension and the Fire and Fuels extension.  For these cases, to maximize carbon 

sequestration, additional keywords were applied to simulate different management criteria, 

intended maximize volume on each stand.  Iterative combinations of keywords were applied 

to each forest and results compared, both to the baseline scenario and each other, to find 

the most carbon-intensive result.  Seventeen iterations were completed, with the fifteenth 

iteration ultimately showing the largest carbon gains.  Management practices and 

keywords used differed significantly from the baseline. 
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Table 3 General Management Changes from Baseline to Experimental Scenario.  This table represents general management 

practices for both scenarios; more specific management practices are detailed in Section 5.   

  Baseline  Experimental 

Harvesting (Pines)  Age-based  (80 years/loblolly, 130 
years/longleaf) 

Age or percent SDI based  (80 
years/loblolly, 130 years/longleaf) 

Harvesting (Hardwoods)  Even-aged  Uneven-aged  

Thinning  Beginning in year 20-25, to  between 60 
and 80 sq. ft/ac  

Beginning in year 40-50, to 70 sq. 
ft./ac. or percent of SDI target  

Stocking  Low for longleaf; natural regeneration 
in hardwoods  

Planted in all forest types; longleaf 
stocking equals loblolly 

Forest Type Conversion  Planned on certain forest units and 
types; conversion to hardwoods, mixed 
forests, and longleaf pine 

Not planned for any forest types  

Initial Stocking  -  Additional stocking if initial TPA was 
very low  

 

On the Croatan National Forest, keywords begin by manually establishing both rotation 

age and the defining stand density index (SDI).  Rotation age was set to 80 years for loblolly 

pine and 130 for longleaf pine.  Overall maximum SDI was set to 300, with longleaf at 390 

and loblolly at 505.  All stands were set to thin from below to a basal area target at years 

30, 60, and 90, to a target basal area of 70 sq. ft/ac.  If the initial number of total trees per 

acre was less than 60, the model begins the ESTAB keyword and plants loblolly pine, at 350 

trees per acre.  If stand density index is greater than 85% of maximum SDI, then the model 

begins a clearcutting action, followed by a planting of 435 trees per acre in both loblolly and 

longleaf pine according to the original stand composition.   

On the Pisgah and Nantahala National Forests, overall maximum SDI was set to 380, with 

the following maximum SDI’s set for each forest type:  

503 (white oak/red oak/hickory)=415 
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505 (Northern red oak)=500 

506 (yellow-poplar/white oak/Northern red oak)=440 

515 (chestnut/black/scarlet oak)=420 

805 (hard maple/basswood)=485 

 

If total trees per acre is less than or equal to 60, then the model begins by planting 175 

white oak, 88 scarlet oak, 70 hickory species, and 50 sweetgum.  The model also calls for 

thinning from below to a basal area target of 70% of maximum SDI, in years 30, 60, and 90.  

 

On the Pisgah and Nantahala units, initial harvest year and subsequent harvests were 

redefined.  Initial harvest was defined by examining the output logs of a first-iteration run 

to find the model-determined first harvest year of each stand.  In cases where the model 

scheduled a harvest later than 2044, or not at all, the harvest was re-scheduled to occur in 

the initial year.  Initial harvest years were then manually defined.  Subsequent harvests 

were redefined using an uneven-aged, trees-per-acre based harvest model.  This model 

defined acceptable size ranges for and numbers of harvestable trees in a manner that 

increased acceptable tree size per cycle, while decreasing acceptable tree number.  For 

instance, in the first cycle, the model required the removal of 128 trees between sizes 0 and 

3 dbh in inches.  In the last cycle, the model required the removal of 3 trees between sizes 

29 and 99 dbh in inches.   

 

On the Uwharrie National Forest, keywords again began by defining overall stand 

parameters.  We defined maximum SDI at 300, and further defined maximum SDI for 

stands containing longleaf pine at 390 and stands containing loblolly and shortleaf pines at 
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505.  If total trees per acre was less than 60, the model again begins the ESTAB keyword 

and plants loblolly pine, at 350 trees per acre.  If BSDI is greater than 85% of maximum 

BSDI, then the model begins a clearcutting action, followed by a planting of 435 trees per 

acre in loblolly, shortleaf, and longleaf, as per the original stand composition.  Thinning 

from below to a target basal area of 70 sq. ft/ac is scheduled in years 30, 60, and 90. 

For stands of type 515, which are composed of oak and hickory species, uneven-aged 

management is established in the same manner as on the Pisgah and Nantahala National 

Forests, including harvest scheduling.  Supplemental plantings are also scheduled, using 

the same criterion of 60 trees per acre or less, and the same species.   

Section 6: Results 
Management changes on the Croatan National Forest were able to both significantly 

increase average per-acre carbon stocks, and maintain them at high levels for a sustained 

period of time (Figure 1 and 2).  Following current management practices, average carbon 

stocks on the forest are maintained at approximately 70 tons/ac until the year 2033, after 

which carbon stocks drop to approximately 50 tons/ac for the remainder of the management 

period.  However, with altered management practices, average carbon stocks on the forest 

steadily increased until the year 2053, after which stocks remain steady at approximately 

100  
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Figure 1: Tons of Carbon per-acre on the Croatan National Forest.  The baseline scenario reflects current and planned 

treatments on the forest.   

 

 

Figure 2 Tons of Carbon per-acre on the Croatan National Forest.  The experimental scenario reflects altered treatments, as 

described above.   
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tons/ac for the remainder of the management period.  The experimental scenario exceeds 

the baseline scenario in carbon stocks in every five-year cycle, and reaches stocks that 

nearly double that of the baseline for much of the latter half of the management period 

(Figure 3 and 4).    When separated into forest types, it becomes clear that the majority of 

these gains rest with  

 

Figure 3.  Tons of carbon on all managed acres of the Croatan National Forest.  The baseline scenario reflects current and 

planned treatments on the forest.  Represented forest types include longleaf pine (141), loblolly pine (161) and mixed pond 

pine (166).   
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Figure 4 Tons of carbon on all managed acres of the Croatan National Forest.  The experimental scenario reflects altered 

treatments on the forest.  Represented forest types include longleaf pine (141), loblolly pine (161) and mixed pond pine 

(166).   

the loblolly pine forest type, which exceeds the baseline scenario as early as five years into 

the simulation.  By the final years, average carbon stocks in the loblolly pine experimental 

scenario have more than doubled over the baseline.  

 

To represent per-forest carbon gains using this method, it was essential to represent not 

only the total managed acreage on the forest, but also the appropriate ratio of forest types.  

Thus, to do this, we multiplied the average per-acre carbon stocks of each forest type by the 

number of acres of this type currently being managed on the forest.  The Croatan currently 

manages 14,000 acres of longleaf pine, 34,000 acres of loblolly pine, and 7000 acres of pond 

pine.  Current management plans on the Croatan also call for conversion of about 2500 

acres of loblolly pine forest into longleaf pine over the course of the next 10 years.  This 

effect was accounted for by changing acreage to 16500 acres of longleaf pine and 31500 
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acres of loblolly pine in year 2013.  The additional acres of longleaf pine cause stocks for 

this forest types to be higher on the baseline scenario.  However, the high proportion of 

loblolly pine ensures that the experimental scenario continues to exceed the baseline 

scenario by a high degree.  Over the course of the 100-year scenario, the managed acres of 

the Croatan sequestered approximately 6,126,518 tons of additional carbon. 

 

Management changes on the Pisgah National Forest were also able to increase average per-

acre carbon stocks, and maintain them over the length of the simulation.  When following 

current management practices, average carbon stocks on the forest are maintained between 

50 and 60 tons/ac for the entire length of the simulation.  However, with altered 

management practices, average carbon stocks on the forest steadily increased until the year 

2044, after which stocks remain steady between 80 and 90 tons/ac for the remainder of the 

management period.  The experimental scenario exceeds the baseline scenario in carbon 

stocks in every five-year cycle, and after year 2024, exceeds the baseline by about 50%.  It 

should be noted that the difference in ―starting‖ points on these stands reflects that FVS 

reports after an initial modeling period of 5 years, meaning that the ―starting‖ carbon pools 

are actually the result of 5 years of stand growth.  This disparity was only seen on this 

Forest Service unit and was the result of initial re-planting of stands with low stocking.       
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Figure 5 Tons of Carbon per-acre on the Pisgah and Nantahala National Forests.  The baseline scenario reflects current and 

planned treatments on the forest.   

 

 

Figure 6 Tons of Carbon per-acre on the Pisgah and Nantahala National Forests.  The experimental scenario reflects altered 

treatments on the forest, as described above.   
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To represent total-forest carbon stocks on this forest unit, we employed a method identical 

to that used on the Croatan National Forest.  In this case, the 44,000 acres on the forests 

were broken up into 25% each of forest types 503, 506, and 515; 15% of forest type 505; and 

5% each of forest types 805 and 997.  No acreage changes were expected on this forest, so 

these proportions remained constant through both the baseline and experimental scenarios.  

The results of these scenarios show that the largest gains in carbon on this forest come from 

the increased stocking in forest types 503, 506, and 515.  These forest types experience the 

highest increase in carbon, and also constitute a large proportion of the managed acreage of 

this forest.  Overall, the Pisgah and Nantahala National Forests sequestered approximately 

4,778,976 tons of additional carbon over the 100-year length of the scenario.   

 

Figure 7  Tons of carbon on all managed acres of the Pisgah/Nantahala National Forests, baseline scenario. 
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Figure 8 Tons of carbon on all managed acres of the Pisgah/Nantahala National Forests, experimental scenario. 

 

Changes in management prescriptions on the Uwharrie National Forest resulted in the 

most dramatic changes of all on a per-acre basis.  Following current management practices, 

average carbon stocks on the forest increased steadily to a maximum in year 2065, at just 

over 60 tons/ac, after which carbon stocks drop precipitously to between 30 and 40 tons/ac.  

However, with altered management practices, average carbon stocks on the forest steadily 

increased through the entire length of the simulation, to a maximum of nearly 100 tons/ac 

in the final years.  The experimental scenario exceeds the baseline scenario in carbon stocks 

in every five-year cycle, and from year 2075 onward, more than doubles the amount of 

standing carbon on the forest.    When separated into forest types, it becomes clear that 

these gains come in the pine and mixed pine forest types.  These forest types continually 

add carbon stocks throughout the life of the simulation, while the same forest types on the 

baseline show both a lesser degree of carbon sequestration, and a drop in overall stocks as 
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time progresses. Conversely, the hardwood forest types in the baseline scenario exceed the 

average sequestration of those in the experimental scenario.   

 

Figure 9   Tons of Carbon per-acre on the Pisgah and Nantahala National Forests.  The baseline scenario reflects current and 

planned treatments on the forest.   
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Figure 10 Tons of Carbon per-acre on the Uwharrie National Forest.  The experimental scenario reflects altered treatments 

on the forest, as described above.   

 

Like the other units, the Uwharrie National Forest represents a mosaic of forest types, and 

representing them proportionally in the per-forest analysis is key to the accuracy of the 

simulation.  Thus, to do this, again we multiplied the average per-acre carbon stocks of each 

forest type by the number of acres of this type currently being managed on the forest.  The 

Uwharrie currently manages 7716 acres of loblolly pine, 3619 acres of shortleaf pine, 1854 

acres of longleaf pine, 3619 acres of mixed shortleaf pine and oak, 1926 acres of mixed 

loblolly pine and hardwood, and 13230 acres of mixed oak.  The initial sample obtained 

from the forest did not contain any stands of longleaf pine.  Therefore, this acreage was 

omitted from the analysis and the total acreage reduced in any relevant calculations. 

  

Current management plans on the forest also call for several types of forest conversion.  

These plans call for the conversion of 55% of loblolly pine acres, and 40% of shortleaf pine 
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acres, to be converted into longleaf pine following harvest.  Furthermore, the plan calls for 

the conversion of 50% of shortleaf and loblolly pine stands on sites suitable for hardwoods 

to be regenerated into shortleaf, and selectively thinned to encourage hardwood growth. 

Lastly, current plans call for the conversion of 50% of mixed pine/hardwood stands to be 

selectively thinned to encourage hardwood restoration.  To account for the latter effect, 50% 

of the acreage designated to mixed shortleaf/oak and mixed loblolly/hardwood was 

reassigned to hardwood stands in year 50 of the simulation.  However, because of the lack 

of reference longleaf pine stands in the initial dataset, we were unable to model the 

conversion of yellow pines into this forest type.  Additionally, information on site quality 

and characteristics was not included in the initial dataset.  Thus, we were unable to 

determine what percentage of shortleaf and pine stands should be converted into 

hardwoods.   

 

Despite the dramatic differences in per-acre carbon stocks between the two forests, the 

differences were less pronounced on a whole-forest basis.  This is likely the result of the 

acreage conversion to hardwoods on the baseline scenario, which is by far the most carbon-

rich forest type.  However, the increases in carbon stocks on the pine types in the 

experimental scenario still allow it to exceed the baseline in every year.  Over the course of 

the 100-year simulation, the Uwharrie sequestered approximately 908,269 tons of 

additional carbon.   
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Figure 11 Tons of carbon on all managed acres of the Uwharrie National Forest.  The baseline scenario reflects current and 

planned treatments on the forest.  Represented forest types include longleaf pine (141), shortleaf pine (162), mixed shortleaf 

pine/oak (404), mixed loblolly pine/hardwood (406), and mixed oak (515).   

 

 

Figure 12 Tons of carbon on all managed acres of the Uwharrie National Forest.  The experimental scenario reflects altered 

treatments on the forest, as described above.  Represented forest types include loblolly pine (161), shortleaf pine (162), 

mixed shortleaf pine/oak (404), mixed loblolly pine/hardwood (406), and mixed oak (515).   
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Section 7: Economic Measures and Cash Flows 
Financially, the economic result of changing management regimes is equally dramatic, 

though in a reverse direction.  On the Croatan National Forest, a per-acre examination of 

soil expectation value (SEV) shows that SEVs of revenues for the baseline scenario are 

higher by orders of magnitude, and that the baseline stands produce revenues up to 60 

years sooner than the experimental stands.  When examined by forest type, the results are 

even more pronounced.  The experimental scenario does not produce merchantable timber 

on any of its longleaf or pond pine stands throughout the entire 100-year scenario.  These 

results are reflected in the total-forest SEV results, which are constructed using identical 

methods to the total-forest carbon calculations.   
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Table 4 Average per-acre Soil Expectation Value (SEV) through time on the Croatan National Forest.  Baseline calculations 

reflect current and planned management activities on the forest.  Experimental calculations reflect altered management 

activities, as described above.     

Croatan National Forest: SEVs of Revenues ($ US/Ac) 

Year Average of  SEV: Baseline Average of  SEV: Experimental 

2004-2008 0 0 

2009-2013 0 0 

2014-2018 0 0 

2019-2023 121.9 0 

2024-2028 360.8 0 

2029-2033 1176.1 0 

2034-2038 2106.0 0 

2039-2043 2108.2 0 

2044-2048 2229.2 0 

2049-2053 2236.8 0 

2054-2058 2204.3 0 

2059-2063 2249.8 0 

2064-2068 2231.7 0 

2069-2073 2201.6 0 

2074-2078 2181.7 0 

2079-2083 2168 12.8 

2084-2088 2154.9 12.7 

2089-2093 2161.1 20.7 

2094-2098 2177.0 20.6 

2099-2103 2198.8 20.6 
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Figure 13 Total-forest Soil Expectation Value (SEV) values through time for the Croatan National Forest.  Baseline calculations 

reflect current and planned management activities on the forest.  Experimental calculations reflect altered management 

activities, as described above.     

   

The Pisgah and Nantahala National Forests show less dramatic differences in SEV, but 

like the Croatan, per-acre SEVs of revenues from the baseline scenario continue to exceed 

the experimental scenario in every period except the first.  This likely results from the fact 

that many harvests are scheduled in the initial year to remove stands that are extremely 

aged or understocked.  Forest types 515, 805, and 997 show gains in revenue from the 

experimental scenario on this forest.  However, these gains are exceeded by the losses from 

the remaining forest types, which constitute a much larger proportion of the forest acreage.  
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Table 5 Average per-acre Soil Expectation Value (SEV) through time on the Pisgah and Nantahala National Forests.  Baseline 

calculations reflect current and planned management activities on the forest.  Experimental calculations reflect altered 

management activities, as described above.     

Pisgah/Nantahala National Forests: SEVs of Revenue ($ US/Ac) 

Year Baseline Carbon 

2009 1685.9 2920.3 

2014 3460.6 1648 

2019 3219.2 1202.2 

2024 2704.7 1017.6 

2029 2361.8 1272 

2034 2133.6 1177.1 

2039 2005.8 1128.6 

2044 1891.6 1110.6 

2049 1806.9 1278.4 

2054 1742.9 1239.7 

2059 1693.4 1216.3 

2064 1680.7 1204.9 

2069 1672.6 1284.5 

2074 1647.7 1267.8 

2079 1627.8 1254.7 

2084 1611.9 1249.9 

2089 1606.6 1270.8 

2094 1596.1 1263.6 

2099 1587.5 1259.1 

2104 1585.2 1256.3 
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Figure 14 Total-forest Soil Expectation Value (SEV) values through time for the Pisgah and Nantahala National Forests.  

Baseline calculations reflect current and planned management activities on the forest.  Experimental calculations reflect 

altered management activities, as described above.     

 

Like the Croatan, a per-acre examination of SEV on the Uwharrie shows that SEVs of 

revenues for the baseline scenario are significantly higher than the experimental scenario.  

When examined by forest type, the results are even more pronounced.  The baseline 

scenario produces merchantable timber on all but its mixed-oak stands, beginning as early 

as 2040.  However, the experimental scenario only produces merchantable harvests on its 

mixed-oak stands.  This difference, however, somewhat lessens financial differences 

between the two scenarios, as mixed-oak comprises the majority of acreage on the forests; 

and, in the baseline scenario, it is by far the most productive acreage type.  The lack of 

harvesting on this acreage makes the baseline comparatively less valuable, though it still 

exceeds the experimental scenario.  
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Table 6 Average per-acre Soil Expectation Value (SEV) through time on the Uwharrie National Forest.  Baseline calculations 

reflect current and planned management activities on the forest.  Experimental calculations reflect altered management 

activities, as described above.     

Uwharrie National Forest: SEVs of Revenues ($US/Acre) 

Year Baseline Carbon 

2005-2009 0 0 

2010-2014 0 0 

2015-2019 0 0 

2020-2024 0 0 

2025-2029 0 13.1 

2030-2034 0 11.8 

2035-2039 0 11 

2040-2044 207.1 10.3 

2045-2049 301.1 17.5 

2050-2054 352.7 16.8 

2055-2059 342.6 16.3 

2060-2064 334.8 16 

2065-2069 328.7 24.5 

2070-2074 521.7 24.1 

2075-2079 851.6 23.8 

2080-2084 875.2 23.6 

2085-2089 869.1 27.3 

2090-2094 863.9 27.1 

2095-2099 859.6 26.9 

2100-2104 858.4 26.8 
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Figure 15 Total-forest Soil Expectation Value (SEV) values through time for the Uwharrie National Forest.  Baseline 

calculations reflect current and planned management activities on the forest.  Experimental calculations reflect altered 

management activities, as described above.     

 

Section 8: The Effect of Carbon Crediting 
To simulate the addition of the use of a carbon crediting program, we used the previously-

determined baselines and experimental scenarios to determine the amount of additional 

carbon stored on these forest units over the course of the simulation.  To create a per-acre 

measure of additionality, we subtracted the average per-acre forest carbon of the baseline 

scenario from the experimental scenario.  To create a per-forest measure of additionality, 

we used the per-forest type method outlined above to ensure that proportions of forest types 

were accounted for appropriately.  Following this, measures of additional carbon were 

converted into metric tons of CO2, the trading unit used by carbon crediting schemes as a 

single credit.  Following this, 20% of the credits generated by each forest were subtracted 

from the amount of credits used to determine the SEV of each program.  This is because 
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forestry-related carbon credits are required by most programs to set aside a portion of 

tradable credits to account for possible loss of forest carbon, such as from catastrophic 

storm or pest events.  20% is the standard deduction for CCX credits (CCX 2010) and a 

suggested deduction for the VCS carbon standard (VCS 2010). 

 

Carbon crediting programs in the United States can accrue a wide range of revenues for 

participants.  Thus, to accurately reflect the variability inherent in the market, we selected 

four carbon prices for use in the analysis.  We chose prices of $5, $7.30, and $15 (USD) per 

credit, which represents one tonne of CO2, to represent the high, low, and average prices 

garnered by forestry-related carbon credits in all over-the-counter carbon markets in 2010 

(Hamilton et al. 2010).  We also selected a price of $0.10 per credit to represent the current 

price of an exchange-style trading platform, the Chicago Climate Exchange (CCX 2010).  

The analysis used an equivalent discount rate to the timber cash flow analysis.     

 

When these programs are considered, the ability of forests under the experimental scenario 

to compete financially with the baseline is increased, sometimes substantially.  In the 

Croatan, at the $15/ton price, per-acre SEV for the experimental scenario exceeds the 

baseline in every following year.  Similarly, at the whole-forest level, $15/ton is the only 

price at which the experimental scenario is equivalent or higher than the baseline.  

However on the Pisgah and Nantahala, the relatively smaller differences between forests 

meant that prices of $5/ton, $7.30/ton, and $15/ton all caused the experimental scenario to 

have a higher SEV than the baseline scenario on both a per-acre and total forest basis.  On 

the Uwharrie, carbon crediting also exceeds the baseline SEV for every price point except 
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$0.10/ton.  On a per-forest level, SEV’s from carbon crediting exceed the baseline SEV at 

every price point except, $0.10/ton, which exceeds it only until year 2035.       

 

Figure 16 SEV of revenue for the Croatan National Forest, reflecting revenues from timber harvesting and sales of carbon 

offsets.  Prices represent one carbon credit (1 tonne CO2 or CO2 equivalent).  Available carbon offsets are determined on a 

per-acre basis.    
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Figure 17 SEV of revenue for the Croatan National Forest, reflecting revenues from timber harvesting and sales of carbon 

offsets.  Prices represent one carbon credit (1 tonne CO2 or CO2 equivalent).  Available carbon offsets are determined on a 

per-forest basis.    

 

 

Figure 18 SEV of revenue for the Pisgah and Nantahala National Forests, reflecting revenues from timber harvesting and sales 

of carbon offsets.  Prices represent one carbon credit (1 tonne CO2 or CO2 equivalent).  Available carbon offsets are 

determined on a per-acre basis.    
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Figure 19 SEV of revenue for the Pisgah and Nantahala National Forests, reflecting revenues from timber harvesting and sales 

of carbon offsets.  Prices represent one carbon credit (1 tonne CO2 or CO2 equivalent).  Available carbon offsets are 

determined on a per-forest basis.    
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Figure 20 SEV of revenue for the Uwharrie National Forest, reflecting revenues from timber harvesting and sales of carbon 

offsets.  Prices represent one carbon credit (1 tonne CO2 or CO2 equivalent).  Available carbon offsets are determined on a 

per-acre basis.    

 

 

Figure 21 SEV of revenue for the Uwharrie National Forest, reflecting revenues from timber harvesting and sales of carbon 

offsets.  Prices represent one carbon credit (1 tonne CO2 or CO2 equivalent).  Available carbon offsets are determined on a 

per-forest basis.    
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Section 9: Discussion 
The above results clearly show that an altered management regime on each of the forests 

involved can result in significantly more standing carbon stocks.  Furthermore, these 

changes result in carbon stocking that is sustained over time, compared to current 

management practices, which are less sustainable from a carbon perspective.  These 

differences result from several changes in management including harvesting, thinning, and 

stocking regimes.  In every case, the altered management regimes result in less 

merchantable timber and a corresponding loss of timber revenues.  Despite the dramatic 

gains in carbon stocking, or perhaps because of them, the resulting revenue SEVs for the 

forest are enormously decreased.  Depending on agency goals, this may be acceptable or 

unacceptable.   

These losses do not necessarily reflect loss of management activities on the forests.  Many 

of these forest types call for more frequent thinnings that remove less volume and require 

more careful, individual selection of removed trees; in some cases, such as uneven-aged 

management in hardwood stands, entries and removals are required every five years.  

Furthermore, entries and harvests based on stand density index, rather than age, require 

greater planning and experience than age-based harvesting regimes.  Thus, management 

activities may decrease in magnitude, but not in frequency, and will require a shifted focus 

in planning and execution.  These activities are likely to incur higher costs in both 

operation and personnel, which may offset additional revenues from carbon gains.  High 

carbon prices are likely to be necessary for these additional costs to be offset.  

 

Despite this, the management changes suggested are not radical compared to current 

activities on the Forests.  They prescribed treatments reflect only stands that are currently 
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managed for timber, and require no stands to be converted from other uses, such as 

recreation or wilderness.  For this reason, the proposed activities are likely to be easy to 

implement in Forest Plan revisions or environmental assessments, where conversion to 

managed timber is often difficult to justify.  These factors will also reduce time and 

manpower costs in implementation while helping to maintain the multiple-use mandate on 

the affected forests.   

 

Like previous studies, we find that management for carbon decreases stand SEVs without 

the influence of carbon payments.  While other studies find that rotation ages tend to 

increase under this set of management criteria, we do not.  This is likely a factor of the 

inclusion of SDI-based harvesting, where such harvesting would occur earlier than an age-

based regime; in addition, rotation ages are already very long on the Forests.  Thus, 

increasing rotation did not result in significant carbon gains.  

 

While most similar studies found that carbon payments increased SEVs, few studies 

showed comparisons to current timber harvesting regimes.  Furthermore, many studies use 

carbon prices that are extremely high compared to current voluntary and compliance 

markets, up to $100/ton in some cases (Alavalapati and Stainback 2002, Huang et al. 2004, 

Huang and Kronrad 2006).  Huang and Kronrad (2001), using differences in SEVs as their 

measure of necessary carbon payments, found a range of values from $0.84/ton to 

$22.41/ton at similar interest rates.  These values are closer to the market values we used, 

suggesting that these prices will be sufficient in some cases to overcome business-as-usual 

practices.  However, because differences in SEV are used, these prices are basically ―break-
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even‖ prices, and would require higher revenues for carbon management to exceed baseline 

timber management.  The prices found by Huang and Kronrad (2001) would still be among 

the highest offered on the current markets.   

 

This analysis only included loblolly pine.  Other analyses found that even the use of a $50 

price was unable to sufficiently raise SEVs in other cases (Alavalapati and Stainback 2002), 

although the authors’ goal was make SEVs for longleaf pine cultivation higher than slash 

pine cultivation.  While this parallel is not direct, it suggests that even very high carbon 

prices may not be sufficient to compete against other uses.  These issues are highly 

dependent on a number of factors, including discount rate, site index, and species of the 

forest in question.     

Thus, in our case, while loss of SEV from decrease in merchantable timber could be 

alleviated with the use of carbon trading, this is far from a certainty.  In some cases, such 

as the Croatan, extremely high carbon prices, such as are seen rarely in United States 

markets, are required for the forest in question to recover to previous levels.  In the others, 

lower prices, such as are regularly garnered by forestry offset credits, are able to make up 

or surpass the losses from timber sales.  The SEVs garnered by these forests when using 

carbon crediting show how this payment scheme can redirect optimal rotation away from 

Faustmann rotation.  These curves closely follow the standing carbon stocks generated by 

the model, showing that growth rate and carbon uptake have achieved greater importance 

than age or volume in determining rotation.    
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Furthermore, sale of carbon credits by a federal agency would almost certainly encounter 

procedural and sociopolitical hurdles.  Conceptually, it is not entirely different from timber 

or other commodity sales, a practice which is already used by the Forest Service.  However, 

using such a program would require, at the very least, full Forest Plan amendments, and is 

likely to require amendment to the Planning Rule, if not legislation on the national level.  

Such changes are subject to the procedural requirements of NEPA and the public scrutiny 

that may accompany such a program.  If legislation is required, the political hurdles 

inherent to crafting successful legislation, particularly controversial legislation, may be 

insurmountable.  Furthermore, losses of local employment, income, and value-added 

processing may not be offset by changes to carbon management unless much more active 

management is required.  Opposition from affected stakeholders may make such policies 

more difficult to craft at any level.     

The opportunities presented by this idea, however, are large, and present opportunities to 

contribute to a number of goals.  For example, Olander et al. (2010) suggest that public 

lands could be used to develop pilot programs or demonstrations for the development of 

carbon market protocols.  Public lands could facilitate project development and 

demonstration by either taking on some associated costs, or incorporating them into extant 

management activities.  In a related suggestion, public lands could act as a reserve or 

buffer for reversals in the private market, reducing difficult administrative issues such as 

changes due to land ownership transfer or responsibility for projects over long periods 

(Olander et al. 2010). 
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Similarly, and as suggested above, public lands could participate themselves in a voluntary 

or compliance GHG market.  Such activities could be coordinated through the forests 

themselves, or through private contractors (Olander et al. 2010).  Revenues from such a 

program have the attractive, though difficult to implement, possibility of revenue recycling, 

to either cut other distorting taxes or contribute to projects where funding may be lacking.  

Private sales of public lands have already made limited forays into public forums; for 

instance, Senator Wyden, chairman of the Energy and Natural Resources subcommittee on 

Public Lands and Forests, has stated he will push for inclusion of public lands into federal 

offset programs (Olander 2010).  However, USDA Forest Service Chief Tidwell has 

questioned their role in such programs (Olander 2010).  Such activities may also be 

significant competition to current contributors to voluntary markets, although they would 

constitute a small fraction of the credits sold on a compliance market (Olander 2010).  

 

Beside these economic aspects of this issue, precise carbon accounting on National Forests 

and other public lands serves other roles as well.  For instance, public lands are currently 

included in the UNFCCC-required annual reporting of GHG emissions and sinks (Olander 

2010).  Increases in sequestration on public lands could contribute significantly to goals set 

by another binding or non-binding agreement, such as the non-binding agreements pledged 

at the Copenhagen summit (Olander 2010).  However, this sequestration would not be 

eligible for use as offsets, as this would amount to double-counting.  Other possible uses 

exist; for example, contributing to GHG neutrality of the Federal Government (Olander 

2010). 
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While the above possibilities suggest response options the Forest Service could take, the 

analysis above suggests other concrete steps that could be taken as well.  Some carbon 

sequestration could be gained through relatively simple management steps with no further 

adverse effects to the forests.  For example, thinning in later years is relatively simple to 

implement and still results in carbon gains; other alternatives, such as uneven-aged 

management of hardwoods, are more costly but likely have positive biodiversity co-benefits.  

National Forests have the ability to select these individual treatments to increase carbon 

sequestration with little or no loss of other desired outcomes.   

 

Despite this, other included treatments, such as higher stocking of longleaf pine, may be 

detrimental or conflict with multiple-use goals.  Higher stocking of any forest type could 

lead to higher risk, and greater loss, in the case of disease, pest outbreaks, or catastrophic 

weather; and higher stocking of longleaf pine obviates a savannah ecosystem and some of 

the associated biodiversity gains.  Should these treatments conflict with other management 

goals, they can be discarded.  Incremental carbon gains will still remain, at a lower rate, 

from any treatments that continue to be included.   

Section 10: Limitations 
The approach and results found here should reflect actual conditions and prospects in 

North Carolina reasonably well.  We based simulations the actual current forest inventory 

and stand data, which we obtained from each National Forest.  The FVS simulator is one of 

the most widely accepted national growth and yield models, although a bit balky at times, 

and is used by the Forest Service often, but not universally.  We modeled several levels of 

prices for carbon values, which should bracket a range of product values.  These broader 

carbon prices also could serve as implicit proxies for sensitivity analyses of modest forest 
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growth and yield differences.  More extensive sensitivity analyses could be performed in 

future research.  

 

The baseline scenarios for the Uwharrie National Forest could not report some projected 

future management objectives concerning conversion from one forest type to another.  In 

some cases, such as conversion from yellow-pine types to oak, the projected timeline for 

conversion is long enough that it may not have significantly impacted the overall result.  In 

the other case, conversion to longleaf pine, our inability to include it proves more 

problematic.  Because stands representing this forest type were not included in the initial 

data set, we were unable to include it in any analyses.  Thus, total-forest estimates of 

standing carbon are inaccurate in that they do not include this acreage in their calculation.  

Furthermore, we cannot reflect the conversion of other forest types into this forest type, 

introducing further inaccuracy.  In this case, it is likely that the baseline overestimates 

carbon stocks on the forest, as longleaf pine is typically less productive than faster-growing 

yellow pine species. 

 

Similarly, in the Pisgah/Nantahala National Forests, redefinitions of stand density index 

may have changed estimations of on-forest carbon stocks by changing how mortality is 

estimated within the model.  For some forest types, SDI was redefined to be higher than in 

the baseline scenario, meaning that some gains in carbon stocking may have resulted on 

those forest types in excess of what resulted from changes in management.  These changes 

do not extend to the other forest units or types.      
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SEV estimates from within the model do not use identical time values for calculation 

because of the differing starting years.  This is a reflection of the different years in which 

data was initially collected.  Thus, SEVs from one cycle of five years may be calculated for 

different values of ―t‖.  The inaccuracies introduced by this discrepancy are likely to be 

small due to the minimal changes occurring on-forest in this short period of time.  

Furthermore, SEVs are likely to be somewhat undervalued because FVS calculates timber 

removals at the beginning of each year, while SEV is calculated at the end of the same year.  

However, all SEV reports are generated the same way, and thus are be undervalued 

equally. 

 

Greater precision could be applied to SEV calculations if costs were included.  Cost 

calculations were excluded from this analysis because of the difficulty of defining them.  

Because these units contract out their timber harvests, direct harvesting costs are 

negligible for the forests themselves.  For less direct costs, such as the costs of employee 

salaries, it is difficult to determine how they apply both over time and space.  Including 

both direct and indirect costs of forest administration and management would add further 

accuracy to SEV calculations.   
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Chapter 3: USFS Perceptions of Climate Change: Methods 

and Results 

Section 1: Objectives and Rationale 
As the evidence for climate change mounts, the likelihood of the U.S. government 

implementing climate change legislation also increases.  Forest carbon storage is likely to 

be part of such a carbon mitigation portfolio.  Even without specific Congressional action, 

an executive order could require the Forest Service, along with other resource-management 

agencies, to take more specific action toward climate mitigation or preparedness.  However, 

historical perspectives on the U.S. Forest Service show the agency was focused on 

commodity production until quite recently, and initially resisted adopting a new resource 

paradigm centered around ecosystem health and diversity (Brown and Harris 1992, Brown 

and Harris 2000).   Current studies of the Forest Service show that the preferences of 

employees and resource management outcomes have become more closely aligned (Brown et 

al. 2010).  Given the pervasive institutional barriers to change in all organizations,  

implementation of a Forest Service climate response program may encounter obstacles.  In 

addition,  Forest Service legislation may constrain more intensive or active management for 

carbon mitigation. 

1.1 Forest Service Culture and Policy 

In Robert Kaufman’s seminal work on the Forest Service, ―The Forest Ranger‖ (2006, 

reprinted from 1960), Kaufman portrayed a decentralized agency populated by district 

rangers who used great amounts of personal discretion while performing their duties.  Yet 

Kaufman’s rangers also showed striking unity in acting in the organization’s best interest.  

Soon after Kaufman published his work, however, the Forest Service was subjected to 

changes in natural resources legislation, social conditions, and an increase in public 
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participation.  All these served to complicate and open the world of the Forest Service 

(Tipple and Wellman 1991), leading to some changes from these original aspects of Forest 

Service internal culture and mandate. 

Initially, the Forest Service focused on timber production and fire suppression.  However, in 

recent years, the Forest Service has begun to emphasize ecological sustainability and a 

balanced multiple-use approach.  While some researchers found that the agency was 

―energized‖ by changing social values, research also showed the agency to be internally 

conflicted and sometimes frustrated.  New standards and rules, as well as conflicts such as 

the gridlock imposed by the courts in response to the northern spotted owl controversy, 

caused internal tension and uncertainty (Brown et al. 2010, Hoberg 2004). 

Today’s Forest Service is trying to recover from some of these shocks and stresses, but it is 

unclear whether it is succeeding.  Recent studies of the Forest Service show that the 

preferences of employees and resource management outcomes have become more closely 

aligned (Brown et al. 2010).  Employees today believe that the agency is increasingly 

innovative.  However, employee morale is low and employees speak of a stressful work 

environment.  Overall the learning capacity of the organization is low (Brown et al. 2010) 

and agency personnel resist change (Dialogos International 2007), although we might note 

that resistance to change is  typical of most organizations, as demonstrated extensively in 

the literature.  Agency personnel seem to be adjusting to changes within the agency’s 

direction and mission. But like any large-scale organizational change, challenges are likely 

to impact Forest Service program implementation, particularly in the case of new 

management objectives or problems, such as climate change. 
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1.2 Forest Service Policy, Rules, and Regulations 

When considering the implementation of new programs or projects, the Forest Service 

consults and abides by an established set of rules for forest planning.  According to the 

National Forest Management Act (NFMA) of 1976, every national forest or grassland 

managed by the Forest Service must have a land management plan (United States Forest 

Service 2009).  These plans are amended as necessary, and must be revised every 15 years.  

The process for developing and amending plans, as well as required content, is outlined in 

the planning regulations, commonly referred to as the planning rule (United States Forest 

Service 2009).  Currently, the Forest Service is acting under the 2000 planning regulations, 

which contain transition provisions allowing the use of the 1982 planning rule.  The 1982 

rule has been used in the development of all extant forest plans, and will likely continue to 

be used until a new rule is provided. 

According to the 1982 planning rule, all forest plans or major amendments must be 

accompanied by the National Environmental Policy Act (NEPA) documentation, as must all 

individual projects.  NEPA documentation could include a full environmental impact 

statement (EIS), an environmental assessment followed by a finding of no significant 

impact (EA/FONSI), or a categorical exclusion, wherein the project is found to fall into a 

class of categories previously found to have no significant effects.  The planning rule itself 

must also be developed in conjunction with an EIS or EA/FONSI.  The NEPA process, as 

well as the NFMA, requires public participation in these steps. 

Forest plans generally provide broad guidance for planning of projects, rather than strict 

provisions.  All projects must be consistent with the forest plan, and if a proposed project is 

not, the plan must be amended before it can proceed.  Thus, should the Forest Service wish 

to include climate mitigation or adaptation in its activities, forest plan amendments would 
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be necessary.  Currently, no specific provisions on climate change are made in the planning 

rule itself.  The Forest Service has issued guidelines on inclusion of climate change in both 

forest planning activities, and in NEPA documentation.  Forest Service documents suggest 

that climate change will be integrated into the new planning rule.  Thus, precedent exists 

for consideration of climate change in Forest Service planning activities.  However, 

inclusion of climate-specific projects may be problematic if such goals are not currently 

included in forest plans.  Implementing such projects would require creation of forest plan 

amendments, and all accompanying NEPA documentation, which represent a significant 

investment of time and manpower. 

1.3 Climate Change, Institutional Goals, and Implementation Theory 

In the case of a change or evolution in institutional goals, the rate and effectiveness of 

change is highly dependent on the attitudes and values of individual Forest Service 

employees.  Like most agencies, while policies are enacted at the macro-level, it is agency 

employees at the local level who enact them.  If the goals and values of these employees 

differ from those implicit to the policy, implementation is likely to be problematic (Matland 

1995).  In addition, if employees exhibit skepticism of climate science or reject it as 

inappropriate to Forest Service activities, conflict will arise if a national-level policy is 

attempted.  Policies that contain high levels of conflict, due to differing goals and values of 

involved actors, are also more difficult to implement (Matland 1995).  Conversely, if 

employees are supportive of climate mitigation and believe it has a place in Forest Service 

activities, implementation of climate goals is likely to proceed smoothly and effectively.  

Even barring this, if the policy limits the changes made to current activities, it may be more 

palatable (Matland 1995).   
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However, this possibility could easily change if an agency mandate and supportive climate 

exists.  Research suggests that, while Forest Service institutional culture was once change-

resistant, this attitude has been changing in recent years (Brown and Harris 1992).  Forest 

Service employees exhibit more environmental concern and less focus on production of 

resource-related commodities.  If this is the case, then the Forest Service may be well-

poised to integrate climate change mitigation or preparedness into its operations. 

Section 2: Study Goals and Objectives 
The goal of this survey was to determine the attitudes and opinions of the Forest Service’s 

employees in regard to climate science and climate mitigation measures.  Special attention 

was paid to how employees view these issues in the context of the Forest Service itself.  

Forest Service employees across the South were surveyed using an anonymous survey 

instrument.  The survey examined both knowledge of climate science and opinions about 

how climate science may best be applied to Forest Service goals, objectives, and practices.  

Forest Service employees were also asked to speculate how climate mitigation measures 

could be applied in Forest Service operations, from both a scientific and financial 

perspective.  Carbon offsetting was a part of the financial perspective employees were asked 

to evaluate.  Because Forest Service employees are barred from criticizing the current 

policies and administrations, no questions of such a nature were asked. 

2.1 The Climate Debate 

Scientific consensus is that climate change is occurring, and that its causes are 

anthropogenic in nature (Oreskes 2004).  No scientific body of national or international 

standing has maintained a dissenting opinion since 2007 (Brigham-Grette 2006, American 

Society of Petroleum Geologists 2007), although some bodies hold non-committal positions.  

According to the IPCC (2007), global surface temperature increased 0.74 C during the 20th 
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century.  Most of the observed warming was caused by increasing atmospheric greenhouse 

gas concentrations, which results from human activity such as deforestation and 

combustion of fossil fuels (U.S. National Academy of Sciences 2008).  Beyond these 

established ideas, other scientific predictions have been drawn, though with varying 

degrees of certainty.  In general, wide-scale predictions can be made with the most 

confidence, while regional or local effects can be asserted, but with less confidence. 

Although there is widespread consensus in the mainstream scientific community, some 

scientists express dissenting opinions.  Scientists have attributed climate change to natural 

causes (Baliunas and Soon 2002), solar variability (Veizer 2005), or changes in ocean 

currents (Gray 2000).  In many cases, assertions have been disputed or have not been 

published in a peer-reviewed journal.   Other assertions have been made by non-scientists, 

such as author Michael Crichton’s comments about Antarctic sea ice (Crichton 2005), which 

have been refuted.  In general, scientists who do not agree with the scientific consensus on 

climate change have constituted a small minority, and have not presented a unified 

alternative theory (Anderegg et al. 2010). 

While strong scientific consensus has been reached concerning climate change, significant 

public debate continues to occur.  For a wide variety of reasons, climate change portrayal in 

the United States media continues to suggest that climate science is unsettled or uncertain.  

Such reasons may stem from a wide variety of factors, such lack of understanding of the 

scientific process, political motives, or general skepticism.  Thus, some differences in 

opinion are expected among employees because of the significant public debate surrounding 

climate change, despite its resolution in scientific circles. 
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Section 3: Survey Instrument 
The survey instrument was initially developed by Anne Riddle and Dr. Frederick Cubbage 

of North Carolina State University, with input from EFETAC (Eastern Forest 

Environmental Threat Assessment Center), a unit of the US Forest Service, which is 

located on the Centennial Campus of N.C. State University.  Following initial development, 

advice on the survey’s final form was provided by the U.S. Forest Service regional planning 

unit in Atlanta, GA.  Advice on from the planning unit focused on appropriateness of 

questions, both from the perspective of USFS rules and regulations, and the likely 

knowledge of respondents (for instance, specific questions about funding line items were 

deemed too specialized for the majority of respondents).  The questionnaire consisted of five 

sections of closed and open-ended questions. 

The target population of this study was the employees of the U.S. Forest Service in the 

Southern Region in the year 2010.  The survey was posted online at the website 

SurveyMonkey, which was chosen for ease of use and flexibility of survey presentation. The 

link to the website was sent to the official work e-mail inbox of each Region 8 USFS 

employee, along with a short introductory notification with the survey’s purpose and the 

administrators’ contact information.  The e-mail was distributed internally by the U.S. 

Forest Service and originated in the planning unit in Atlanta, GA.  The use of the USFS 

planning unit to distribute the e-mail eliminated the possibility of undeliverable invitations 

and helped legitimize the survey (Manfreda and Vehovar 2008).  The link method was 

chosen to protect the anonymity of respondents, as no identifying information could be 

collected by the site, and to allow for timely distribution to a large portion of potential 

respondents.  The link allows only one response per IP address, thus disallowing 
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respondents from using the same computer twice and minimizing overcoverage errors.  Any 

USFS employee in the Southern region (Region 8) was eligible. 

Because the survey was distributed internally by the planning unit, it theoretically was 

able to reach every member of the target population.  Thus, the term ―survey sample‖ 

cannot be applied to actions researchers took, as the survey initially reached every member 

of the target population.  Rather, the sample was determined by which respondents chose to 

answer the survey.  Although this could conceivably be called a simple random sample, 

most likely there are non-random elements to self-selection by respondents (Manfreda and 

Vehovar 2008).  A more thorough discussion of this issue will follow in the discussion of 

results.  Overall, 445 employees responded, with significant non-response error in later 

questions due to respondent drop-out.  Because of the distribution method, it is difficult to 

gauge the exact number of employees included in the sample; however, based on Forest 

Service employment statistics, it is likely between 1000 to 2000 people.   

Respondents could access the survey anytime between the dates of April 20, 2010 and June 

14, 2010.  On June 3, 2010, we assessed the results by number of respondents from each 

state in Region 8.  On consultation with the USFS planning unit, to minimize nonresponse 

error, additional reminder emails were sent to employees in Tennessee, Virginia, Texas, 

and Florida, as initial results showed that responses from these locations were low 

compared to total target population in each state.   

The questionnaire collected information about climate change, with two general foci.  

Respondents were asked about their general knowledge of climate change science and their 

confidence in that knowledge. The survey also collected opinions of how climate change may 

affect the National Forests and the Forest Service in the future; this included both 
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management options to adapt the Forests to climate change and means by which the 

Forests can participate in climate change mitigation.  To comply with Forest Service rules, 

the survey did not ask respondents to comment on current policy or suggest future policy 

decisions.  As an arm of the Executive Branch, employees acting in an official capacity may 

not express opinions contrary to established Executive Branch policy. 

Section 4: Study 
Web-based questionnaires occur in a medium both with special concerns, and special 

opportunities, not present in paper-based surveys.  Thus, the survey instrument and its 

online presentation were both developed with these considerations in mind.  Because short 

surveys achieve the best response rates, and online respondents in particular have a 

tendency to scan rather than carefully read questions (Manfreda and Vehovar 2008), the 

survey itself and each question was kept as short as possible.  To mimic the conventional 

format of a paper questionnaire (Dillman 2007), the list of questions was divided into 

subsections, in the manner of pages of a paper survey.  To minimize break-offs, which could 

particularly occur if respondents felt as if they were violating USFS policy, no questions 

required an answer (de Leeuw 2008).  The survey used no additional graphics or complex 

design schemes, to minimize differences between internet speeds and hardware between 

users.  The survey generally led from most general questions to more specific questions, 

with the last being completely specific to the user. 

The primary focus of this study was to determine agency perceptions and knowledge of 

climate change, which can be used to determine potential agency effectiveness in climate 

policy implementation.  To operationalize these variables, questions 1-3 in the first section 

ask respondents to comment on how much scientific uncertainty exists concerning several 
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general aspects of climate change.  These were followed by two questions about the users’ 

personal uncertainty about climate change, and about climate science in general.  

Questions were worded as follows: 

1.1  How much scientific uncertainty do you think there is about the existence of 

climate change?  Rate on a scale of 1 to 10, with 1 being ―complete uncertainty/no 

established knowledge‖ and 10 being ―no uncertainty/provable fact‖. 

1.2  How much scientific uncertainty do you think there is about the causes of 

climate change?  Rate on a scale of 1 to 10, with 1 being ―complete uncertainty/no 

established knowledge‖ and 10 being ―no uncertainty/provable fact‖. 

1.3  How much scientific uncertainty do you think there is about mitigation 

strategies for climate change?  Rate on a scale of 1 to 10, with 1 being ―complete 

uncertainty/no established knowledge‖ and 10 being ―no uncertainty/provable fact‖. 

1.4  How confident are you about your level of knowledge and understanding about 

climate change?  a) not knowledgeable, b) somewhat knowledgeable, c) 

knowledgeable, d) very knowledgeable, e) extremely knowledgeable. 

1.5  How important is scientific uncertainty when we decide what to do about 

climate change?  a) not important, b) somewhat important, c) important, d) very 

important, e) extremely important. 

Questions 1-3 in the second section ask respondents to estimate the scientific uncertainty 

surrounding certain well-supported scientific facts.  These questions were intended to ask 

as ―testing‖ questions, to demonstrate how well respondent confidence matched the state of 

current climate change science.  All questions in this section used the 2007 IPCC reports as 
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the scientific authority.  It should be noted that question 2.3 is intended as a ―dummy‖ 

question: the IPCC report in fact states that the amount or frequency of severe weather 

events is likely to decrease, although they are projected to increase in intensity.  This 

question was included to determine how many respondents would detect this disparity.  

The questions were worded as follows, except for the relevant IPCC section reference, which 

was not included in the published survey: 

2.1  How confident are you that the Earth’s surface temperature has risen 0.5 

degrees C over the last century?  Rate your confidence level on a scale of 0% to 100% 

in 10% intervals.  (IPCC 2007, Summary for Policymakers, using lower 

measurement) 

2.2  How confident are you that doubling of CO2 over atmospheric levels will lead to 

an equilibrium global warming in the range of 1.5 to 4.5° C?  Rate your confidence 

level on a scale of 0% to 100% in 10% intervals.  (IPCC 2007, Sec. 2.3) 

2.3  How confident are you that the amount of severe weather, hurricanes, and 

tropical storms will increase due to climate change?  Rate your confidence level on a 

scale of 0% to 100% in 10% intervals.  (IPCC 2007, FAQ 10.1) 

The aim of these two sections together was to determine respondents’ comfort level with 

climate science and their confidence in their own knowledge, and how well this confidence 

was matched by actual understanding. 

The remaining sections focused more narrowly on Forest Service operations and potential 

future operations.  In the third section, respondents commented on general forest 

management practices that could either mitigate climate change, or could protect forests 
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from the potential negative effects of a changing climate.  The questions were worded as 

follows: 

3.1  What biological management techniques could be used on Forest Service 

properties to mitigate climate change through reduced carbon emissions? Choose all 

that apply.  a) wildfire management, b) soil carbon conservation, c) avoided land use 

change/reduced deforestation and degradation, d) conversion into long-lived wood 

products, e) reforestation of trees after harvest to sequester carbon, f) afforestation 

of currently non-forested land, g) carbon sequestration by management of existing 

forest stands, h) other (please specify). 

3.2   Forests are likely to be important worldwide sources of climate change 

prevention.  Which of the above biological management techniques, if implemented 

worldwide, could result in the most prevention of climate change?  Choose the 

THREE best techniques.  a) wildfire management, b) soil carbon conservation, c) 

avoided land use change/reduced deforestation and degradation, d) conversion into 

long-lived wood products, e) reforestation of trees after harvest to sequester carbon, 

f) afforestation of currently non-forested land, g) carbon sequestration by 

management of existing forest stands, h) other (please specify). 

3.3   What operational forest management or silvicultural practices on National 

Forests are apt to contribute most to achieving the highest priority management 

opportunities? 

In the fourth section, respondents ranked the importance of certain existing Forest Service 

activities, which are currently either aimed at climate change mitigation or other 
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management objectives, in mitigating climate change.  Respondents also commented on 

where the USFS might obtain funding for climate change activities, and the possibility of 

using carbon storage, including carbon economic tools, as a management option. Questions  

were worded as follows: 

4.1  Which biological management techniques might be most important for 

maintaining biological diversity and ecosystem function if climate changes? (Rank 

the following choices in order, with 1 being most important and 7 being least 

important.)  a) representing multiple forest types across multiple gradients in 

reserves, b) avoiding fragmentation and providing connectivity, c) designing reserves 

to be large in scale, d) providing buffer zones for adjustment of natural boundaries, 

e) maintaining diverse gene pools, f) protecting functional groups and keystone 

species, g) practicing low-intensity forestry and preventing forest conversion. 

4.2  If National Forest management practices were identified as mitigation 

opportunities to respond to climate change—either through changes in management 

or through carbon storage projects—how could they be implemented? (Rank the 

following choices in order, with 1 being most effective opportunities, 5 being least 

effective opportunities.)   a) as ongoing timber management practices, b) as 

ecosystem management forestry practices, c) as ecosystem restoration projects, d) as 

wildlife habitat improvements, e) as forest salvage efforts after weather or insect 

and disease events. 

4.3  In reference to the previous question, could any other management practices be 

used to respond to climate change, and if so, what are they?  Please respond below. 



 
 

96 
 

4.4  Do you think your forest has authority to conduct carbon storage projects?  a) 

yes, b) no, c) I don’t know. 

4.5  Could your forest receive payments for carbon offsets, similar to timber sales or 

other receipts?  a) yes, b) no, c) I don’t know, d) other (please specify). 

4.6  How could your forest pay for carbon storage activities?  a) through existing 

funding, b) through existing funding with increases, c) through special funding, d) 

other (please specify). 

4.7  What aspects of carbon crediting are you familiar with?  Choose any or all that 

apply.  a) types of eligible projects, b) who can participate, c) process for 

establishment or acceptance of projects, d) how credits are brought to market, 

bought, or sold, e) how projects are monitored or verified, f) carbon crediting 

legislation or policy, g) other (please specify). 

Overall, the aim of these two sections was to identify the management possibilities likely 

available to the Forest Service under current operational constraints, and which of these 

possibilities elicited the most confidence or enthusiasm. 

Section five asked respondents to identify procedural and mission-related requirements for 

undergoing climate projects.  Questions were worded as follows: 

5.1  Climate change is not explicitly mentioned in the Forest Service mission, but it 

may apply to certain portions of that mission.  If that were so, how would addressing 

climate change relate to these parts of the Forest Service mission?  (Please rank in 

order of most relevant to least relevant, with 1 as most relevant.)  a) sustaining the 

health of the nation’s forests and grasslands, b) sustaining the diversity of the 
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nation’s forests and grasslands, c) sustaining productivity of the nation’s forests and 

grasslands, d) meeting the needs of present generations, e) meeting the needs of 

future generations. 

5.2  If there are any specific ways in which climate change relates to any portion of 

the Forest Service mission, please list or explain them below. 

5.3  What procedural requirements (if any) are apt be required to perform climate 

adaptation or carbon storage projects? (Choose all that apply).  a) national forest 

management regulations, b) environmental impact statement, c) environmental 

assessment, d) ISO 1400 review and analysis, e) Forest Service manual directives, f) 

regional forest policies, g) regional forest policies, h) Supervisor’s Office guidelines, i) 

public consultation requirements, j) other (please specify). 

5.4  Overall, what are the opportunities and limitations for: a) developing 

appropriate forest management adaptations for climate change impacts on national 

forests?  b) developing viable forest carbon storage projects on national forests? 

5.5 Do you have any other comments about climate change mitigation or carbon 

sequestration projects on the national forests, or our survey? 

This section also asked respondents to comment on the overall opportunities and 

limitations for both management adaptations and carbon storage projects.  Lastly, the sixth 

section asked general questions about the employment title, and location by state, of the 

respondent, which were worded as follows: 

6.1  What position type do you hold?  a) district ranger, b) professional, c) technician, 

d) administrative/operational. 
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6.2  In what state or region do you work?  a) Arkansas/Oklahoma, b) Alabama, c) 

Florida, d) Georgia, e) Kentucky, f) Louisiana, g) Mississippi, h) North Carolina, i) 

Puerto Rico, j) South Carolina, k) Tennessee, l) Texas, m) Virginia. 

The aim of these two sections was to identify institutional requirements and possibilities 

for climate projects, and also to allow for survey analysis by various demographic groups 

among the Forest Service. 

On June 14, 2010, the numerical or ordinal data obtained from the surveys was downloaded 

from the SurveyMonkey site in Microsoft Excel format.  Some tabulations, in the form of 

response count and response percent per answer, was performed by the program software 

before downloading.  Total responses were also filtered by respondent position and location 

(Question 5.1 and Question 5.2), and exported into Microsoft Excel files for comparison. 

Open-ended survey responses were collected in the form of .pdf files, content-analyzed by 

one rater, and tabulated. 

Section 5 Results 

5.1 Section 1: Scientific Knowledge and Confidence 

Results from the first section showed that the majority of respondents, in every case, felt 

either complete uncertainty (response=1) or neutral (response=5) regarding climate science.  

In the first question, the majority of respondents felt neutrality, although significant 

numbers also show lack of confidence.  The results diverge more widely in the latter two 

questions, with the response of ―1‖ being most common each time.  In question 1.4, 

respondents also showed only medium to low levels of comfort with their own 

understanding of climate change—the ―somewhat knowledgeable‖ and ―knowledgeable‖ 
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account for over 74% of responses.  In question 1.5, over 87% of respondents ranked 

uncertainty at ―important‖ or higher when considering climate change response strategies. 

 

Figure 22  Question 1.1.  Scientific uncertainty in the existence of climate change. 

 

 

Figure 23  Question 2.2  Scientific uncertainty in the causes of climate change. 
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Figure 24  Question 1.3  Scientific uncertainty in mitigation strategies for climate change.   

 

Figure 25.  Question 1.4: Self-Rated Knowledge of Climate Change 
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Figure 26.  Question 1.5: Importance of Scientific Uncertainty in Climate Change Responses 

5.2 Section 2: Agreement with Established Science 

Results from the second section were intended to be ―quiz‖ questions: that is, the questions 

directly referred to climate science as established in the 2007 IPCC report, in an attempt to 

gauge whether respondents’ knowledge matched that established by the IPCC.  In that 

light, the majority of respondents answered in the established range on question 2.1.   On 

the second question, however, the majority of respondents answered that they were 0% 

certain on question 2.2, despite the support in the scientific record for the answer provided 

in the question.  On question 2.3, again the majority of respondents answered that they 

were 0% certain.  However, in this case, the answer was not supported by the scientific 

record. While it would appear as though respondents answered correctly, evidence from 

question 2.2, and from later in the survey, suggests that it may simply be a product of 

general skepticism of the subject.   

How important is scientific uncertainty when we 
decide what to do about climate change?  

(Choose one response below).
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Very important
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Figure 27. Question 2.1: Confidence in that Earth’s temperature has warmed 0.5C over the last century. 

 

 

Figure 28.  Question 2.2: Confidence that doubling of Earth's atmospheric CO2 concentrations will lead to an equilibrium 

temperature range of 1.5-4.5 C. 
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Figure 29.  Question 2.3: Confidence in Increases in Severe Weather, Hurricanes, and Tropical Storms 

5.3 Section 3: Climate Mitigation from Forests 

In the third section, responses dealt with general possibilities by the Forest Service, and 

the international community, for mitigation climate change through the forestry sector.  In 

regard to USFS management techniques, respondents were instructed to choose any or all 

management techniques that might apply.  On the Forests themselves, reforestation of 

trees after harvest was identified most often as a management technique, although the 

difference in responses was small.  This option was also most popular as a worldwide 

management technique, while avoided land-use change was identified second-most 

frequently by respondents.  When open-ended responses are considered, the majority of 

respondents in both questions expressed the opinion that climate mitigation should not be 

undertaken.  Respondents express a mix of opinions on this subject: the most popular are 

skepticism about anthropogenic climate change, that USFS action is unnecessary, or that it 

is impossible to make a significant difference.  In Question 3.3, which does not mention 

climate change, respondents were free to answer with regard to what they believe to be the 
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highest-priority management opportunities.  The majority of responses mentioned forest 

regeneration and reforestation, although most respondents did not clarify what they 

believed to be the highest priority management opportunities.  Climate mitigation was 

explicitly mentioned in only 12 responses. 

 

Figure 30: Question 3.1.  Biological management techniques on Forest Service properties to mitigate climate change.   
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Figure 31: Question 3.2  Biological management techniques usable worldwide to mitigate climate change. 
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5.4 Section 4: Forest Service Management Responses 

In the fourth section, respondents identified climate change management responses in 

general, and on the Forest Service in particular; they were also asked about carbon 

crediting as a possibility.  To maintain biodiversity and ecosystem function, respondents 

identified ― representing multiple forest types across multiple gradients in reserves‖ as 

their favored management technique, although responses were similar in most categories.  

Ecosystem management forestry practices were identified most often as a potential Forest 

Service management technique to act as mitigation opportunities.  In  open-ended 

responses, the concept most often identified was that no USFS response was necessary. 

The majority of respondents did not know if their forest had the authority to conduct carbon 

storage projects, or the ability to receive carbon payments.  In open-ended comments with 

regard to carbon payments, nearly equal numbers of responses stated that such projects 

should be done, or should not be done.   Many more responses identified obstacles to such 

projects, such as a need for Congressional legislation.  Respondents believed that, if carbon 

storage projects were to be implemented, special funding would be needed.  In open-ended 

comments, the majority of respondents stated that such projects should not be used.  In 

regard to carbon crediting in general, respondents were most familiar with the types of 

eligible projects, how projects are brought to market and traded, and carbon legislation and 

policy.  In  open-ended comments, the majority of respondents stated that they were 

unfamiliar with the program in general. 
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Which biological management techniques might be most important for maintaining biological diversity 

and ecosystem function if climate changes? (Rank the following choices in order, with 1 being most 

important and 7 being least important.) 

Answer Options 
Response 

Average 

Response 

Total 

Response 

Count 

Representing multiple forest types across multiple 

gradients in reserves 
3.29 920 280 

Avoiding fragmentation and providing connectivity 3.63 1,015 280 

Designing reserves to be large in scale 4.76 1,327 279 

Providing buffer zones for adjustment of natural 

boundaries 
4.67 1,298 278 

Maintaining diverse gene pools 3.52 986 280 

Protecting functional groups and keystone species 3.85 1,073 279 

Practicing low-intensity forestry and preventing 

forest conversion 
4.92 1,369 278 

 
   

 
   

Figure 32.  Question 4.1  Biological management techniques to maintain biodiversity and ecosystem functioning.  Note that 

lower average scores represent the most important techniques.   
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If National Forest management practices were identified as mitigation opportunities to respond to 

climate change—either through changes in management or through carbon storage projects—how 

could they be implemented? (Rank the following choices in order, with 1 being most effective 

opportunities, 5 being least effective opportunities.) 

Answer Options 
Response 

Average 

Response 

Total 

Response 

Count 

As ongoing timber management practices 2.85 807 283 

As ecosystem management forestry practices 2.24 629 281 

As ecosystem restoration projects 2.45 687 280 

As wildlife habitat improvements 3.70 1,033 279 

As forest salvage efforts after weather or insect and 

disease events 
3.60 1,008 280 

Figure 33.  Question 4.2.  Management practices to mitigate climate change.  Note that lower average responses represent 

more effective opportunities.   

 

 

Figure 34: Question 4.4.  Authority of National Forests to conduct carbon storage projects. 

Do you think your forest has authority to 
conduct carbon storage projects?

Yes

No

I don't know
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Figure 35: Question 4.5.  Ability of National Forests to receive payments from carbon offsets. 

 

What aspects of carbon crediting are you familiar with? 

Answer Options 
Response 

Percent 

Response 

Count 

Types of eligible projects 39.5% 60 

Who can participate 25.0% 38 

Process for establishment or acceptance of projects 13.2% 20 

How credits are brought to market, bought, or sold 48.7% 74 

How projects are monitored or verified 17.8% 27 

Carbon crediting legislation or policy 39.5% 60 

Other (please specify) 65 

Figure 36.  Question 4.6.  Familiarity with carbon crediting programs.   

 

 

Could your forest receive payments for 
carbon offsets, similar to timber sales or 

other receipts?

Yes

No

I don't know
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5.5 Section 5: Agency Implementation 

In the fifth section, respondents were asked about the practical implementation of carbon 

projects, and their relationship to the Forest Service mission.  Respondents believed that 

climate change mitigation corresponds most strongly to ―sustaining the health of the 

nation’s forests and grasslands‖.  However, in open-ended responses, most often, comments 

stated that the concept either did not relate at all, or showed skepticism of anthropogenic 

climate change.  Next most often, comments believed the concept related to the entirety of 

the mission.  Respondents in general believed that carbon projects would have to comply 

with national forest management regulations, although NEPA requirements 

(environmental impact statement or assessment) and other Forest Service regulations 

(manual directives or regional policies) were also believed to be important.  In open-ended 

comments, commenters believed that either legal or political requirements would have to be 

met, or that no additional requirements should be needed.  In the last question in section 5, 

respondents were asked to identify both limitations and opportunities for climate 

responses.  Many respondents believed that there were good opportunities for such actions, 

and that they could be integrated with current USFS activities.  However, many 

respondents also believed that access to internal resources, such as funding, time, and 

personnel, would limit such activities.  Respondents also often cited technical and scientific 

uncertainty, as well as internal policy and leadership, as potential limitations. 
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Climate change is not explicitly mentioned in the Forest Service mission, but it may apply to certain 

portions of that mission.  If that were so, how would addressing climate change relate to these parts 

of the Forest Service mission?  (Please rank in order of most relevant to least relevant, with 1 as most 

relevant.) 

Answer Options 
Response 

Average 

Response 

Total 

Response 

Count 

Sustaining the health of the Nation's forests and 

grasslands 
1.85 510 276 

Sustaining the diversity of the Nation's forests and 

grasslands 
2.85 785 275 

Sustaining productivity of the Nation's forests and 

grasslands 
3.24 887 274 

Meeting the needs of present generations 3.91 1,071 274 

Meeting the needs of future generations 3.16 867 274 

Figure 37 Question 5.1.  Relationship of climate change to Forest Service mission.   
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What procedural requirements (if any) are apt be required to perform climate 

adaptation or carbon storage projects? (Choose all that apply). 

Answer Options 
Response 

Percent 

Response 

Count 

National forest management regulations 75.4% 184 

Environmental impact statement 54.5% 133 

Environmental assessment 63.1% 154 

ISO 14000 review and analysis 15.6% 38 

Forest Service manual directives 51.6% 126 

Regional forest policies 54.5% 133 

Supervisor's Office guidelines 36.5% 89 

Public consultation requirements 43.4% 106 

Other (please specify) 40 

Figure 38 Question 5.2.  Procedural requirements to perform climate change-related projects in the Forest Service. 

Section 6: Responses by Demographic Type 
To gain additional insight into agency attitudes, we filtered survey responses by position 

type, as self-identified by respondents using four categories: technician, professional, 

district ranger, or administrative.  When analyzed through these categories, distinct 

differences arise in the beliefs of each group.  For example, in Question 1.1, professionals 

show strong certainty in the existence of climate change, whereas the remaining groups are 

less equivocal.  Technicians and district rangers show high ratings in both low and high 

confidence categories, suggesting divided opinions among these staff.  Administrative staff 

showed the highest ratings in the middle category.  Similar trends continue in Question 2.2, 

administrative staff continue to show unequivocal responses, technicians and district 

rangers show far higher uncertainty ratings, and professionals show responses that are 

nearly even across the board.  Similarly, when asked about Earth’s temperature increases, 
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all groups except professionals showed high ratings in both confident and unconfident 

categories.  When asked about equilibrium global temperatures (Question 2.2), only 

professionals maintained high ratings in a confident category.  Beyond this, however, most 

responses do not show significant or noticeable differences.  In addition, they are difficult to 

compare evenly, as differing numbers of respondents has caused certain categories 

(―Professional‖) to far outnumber others. 

Similar differences in response can be seen when the states or regions are compared to one 

another; however, in this case, as in the last, they do not exist uniformly throughout the 

responses.  For instance, many questions in the first two sections (climate science and 

uncertainty) show wide divergence between states.  Arkansas-Oklahoma, Florida, South 

Carolina and Virginia all showed a majority of responses with high confidence in the 

existence of climate change, while Georgia, Mississippi, and North Carolina showed 

confidence that was low, while the remaining states (Kentucky, Puerto Rico, Tennessee, 

Texas and Alabama, and Louisiana) showed a mixture of both high and low responses, or 

responses that rest in the center.  Similarly, in Question 2.1, which dealt with the rise in 

earth’s temperature, similarly divergent patterns are noticeable.  In this case, Alabama, 

North Carolina, Puerto Rico, Tennessee, and Virginia showed a mixture of responses or 

responses that fell in the center. Arkansas-Oklahoma, Florida, Georgia, Kentucky, 

Louisiana, South Carolina and Texas all showed high confidence, a large departure from 

the previous question.  Only Mississippi showed unequivocally low confidence.  The 

difference in these two similar questions may be explained by the nature of the term 

―climate change‖, which was used only in Question 1.1  Some respondents may have 

interpreted this to mean ―anthropogenic climate change‖, leading to a different response. 
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When applied to Question 1.2, confidence in the causes of climate change, these trends did 

not hold.  Alabama, North Carolina, Puerto Rico, Texas, and Virginia showed a mixture or 

division in responses.  Arkansas-Oklahoma, Georgia, Louisiana, Mississippi, South 

Carolina and Tennessee showed low confidence.  Only in Florida and Kentucky was 

confidence high.  Many states which showed a mixture of responses in the previous 

question demonstrate low confidence, while several that showed high confidence in climate 

change now show mixed responses.  These trends continue in the remaining questions in 

these sections, as some divergence disappears and responses increasingly show uncertainty. 

 

Figure 39.  Question 1.1 compared across three states representing typical high uncertainty, low uncertainty, and no-pattern 

responses. 
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Figure 40.  Question 1.1 Compared across four self-identified employment position types 

 

Section 7: Discussion 
Results from sections 1 and 2 indicate that significant amounts of uncertainty exist in 

Forest Service personnel with regard to anthropogenic climate change, although it is 

difficult to attribute these results to skepticism, lack of education on the topic, or some 

combination of the two.  The results of section 2 suggest the latter, as most respondents 

correctly answered the first and third questions, but not the second.  The third is the most 

―difficult‖ of the three, as it is in fact false, and most likely to be detected as false by an 

expert.  Because the answers were low for the second question, it seems likely that correct 

responses resulted from skepticism rather than knowledge of the correct answer. 

In addition to the rated questions, open-ended comments in other sections also show that a 

number of USFS personnel believe the current climate change to be related to non-

anthropogenic phenomenon, or believe it is not existent at all. One respondent stated to 
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question 3.1, ―Man made global warming is a myth - we don't need to do anything 

different.‖  Numeric responses showed more balance, but still significant disbelief in 

anthropogenic climate change. . 

Respondents’ self-evaluation of their own knowledge showed that their  confidence 

regarding climate change was neither high nor low, but fell in the middle and low-middle 

two categories.  These ratings suggest that, while agency personnel feel they have a certain 

amount of expertise, they do not feel completely confident with either the amount or 

content of their knowledge.  Responses to question 1.5 then go on to show that a large 

majority of respondents (over 85%) felt that uncertainty was highly important in deciding 

how to address climate change.  When viewed in comparison with responses earlier in the 

section—where responses indicated uncertainty in climate science—these answers suggest 

that the opinions of a majority of agency personnel would not be aligned with a climate 

adaptation or mitigation policy.  Open-ended comments support this view. 

Overall, responses in this section mirrored responses found in other surveys about climate 

change in the United States.  Respondents in the U.S. in other surveys are uncertain about 

the causes of climate change, misidentify its main causes, or conflate it with ozone 

depletion and other forms of air pollution (Bostrom 1994, Bord 1998, Brechin 2003, 

Lorenzoni 2006).  Read (1994) focused on laypeople with a specific high degree of education, 

and found that even they showed a lack of understanding of climate change’s causes.   

Most prior surveys do not ask in-depth questions about climate science because of their 

focus on laypersons, and cannot be compared to our results with confidence because of the 

differences in metrics and questions.  However, our respondents also show a lack of 
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confidence and understanding of climate science, suggesting that respondents’ opinions 

mirror those of the general public.   

Despite individual doubts, mitigation responses identified by Forest Service personnel in 

Section 3 were consistent with forest climate mitigation science.  USFS personnel heavily 

favored after-harvest reforestation as a mitigation strategy both on Forest Service-managed 

properties and worldwide.  This opinion was also expressed most often in open-ended 

responses to meet operational goals.  Most respondents did not explicitly identify which 

operational goals were the highest priority, but these responses suggest that these goals 

could be integrated with climate change mitigation practices.  In section 4, the fact that 

responses differed only slightly for question 4.1 suggests that a mixture of responses is 

likely to be used or needed to respond adequately.  

Responses regarding carbon crediting showed that the majority of respondents did not 

know much about carbon crediting, and how carbon crediting might relate to the National 

Forests.  In some respects, this is unsurprising, as no known carbon crediting project has 

ever been done on a National Forest.  Respondents were only familiar with the ―basics‖ of 

carbon crediting—what kind of projects are eligible, how they are traded, and the status of 

legislation in Congress.  The most open-ended responses showed no familiarity with the 

program at all.  Of the remaining responses, many showed strong opposition or doubts 

about the program in general, and not only to its use on USFS-managed lands.  Altogether, 

these results suggest that carbon crediting projects would be met with opposition, a dearth 

of personnel able to implement the program, or both. 

The results of this section, combined with results of section 1, suggest some institutional 

barriers and lack of knowledge among Forest Service employees to carbon crediting 
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programs.  Thus, it may prove beneficial for the Forest Service to focus some resources on 

employee education in basic climate change science.  Such a knowledge base will improve 

employee ability to incorporate climate change into its programs, serve as a platform for 

more advanced management practices or concepts, and reduce internal disagreement that 

may be caused by conflicting information.  Such an education program could also make up 

for lack of exposure in prior education or inaccurate information presented in the media.   

Our survey of agency employees suggests opportunities for and barriers to agency 

implementation of climate-related projects. The opportunities for more active management 

aligned well with agency expertise and interests, if NFMA and NEPA requirements would 

allow this response. At least one-half of the personnel, however, expressed doubts about 

anthropogenic climate change, which might color their implementation of programs even 

with top-down policies.  Respondents simply did not know much about carbon crediting, 

although this is a very new and unclear scientific/policy development.  This shortcoming 

could be redressed through education programs.   .   

Overall, question 5.3, being entirely open-ended, may show what concerns USFS personnel 

most about implementing climate-related projects.  In both cases—forest management 

adaptations, and carbon storage projects—respondents identified similar opportunities and 

limitations.  Respondents believed, in both cases, that opportunities exist, and could be 

integrated with current projects.  However, respondents also believed that severe 

limitations exist in agency resources, particularly funding and personnel, scientific know-

how, and current policy and leadership.  Many of these issues were mentioned in the same 

sentence or by the same respondent: ―opportunities are readily available; the issue is 

changing the Forest Service culture to recognize and embrace them‖.  Different respondents 
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sometimes mention the same concepts as opportunities and limitations: for example, public 

perception and internal interest appeared in both categories.  Some respondents showed 

hope that these opportunities could help solve other Forest Service issues: (in reference to 

carbon storage) ―Maybe this is a good way to fund other projects that are actually beneficial, 

such as restoration or wildlife habitat management‖.  Overall, responses suggest the 

opportunity for action exists, but that respondents believe it is unlikely to happen due to 

internal obstacles.  As one respondent stated, ―The national forests encompass 193 million 

acres, so the opportunities are greater than any other land management agency; the 

limitations will be financial and political.‖  Or, as another simply stated, ―Lots of 

opportunity, limitations are really only ourselves.  How bad does the Forest Service want 

this?‖ 

Section 8: Study Limitations 
Response error is a potential source of inaccuracy in the collected data.  Because the survey 

was a self-administered, respondents with strong opinions on the survey subject may have 

been self-selected to take the survey, while those without strong opinions may have opted 

out.  The additional contact of under-represented states, and the use of the regional 

planning office in initial contacts, was used to help minimize this error, although 

respondents still had the option to simply ignore requests.  This potential error may skew 

responses toward extremes that are not representative of total agency beliefs. 

Similarly, and more detectably, unit nonresponse error in the form of drop-off rates was 

significant.  To protect employees from discomfort they may feel regarding USFS policy, no 

question required an answer; however, this led to significant drop-off in responses as the 

survey progressed.  Thus, questions later in the survey may be less representative of total 
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agency beliefs.  In particular, unit nonresponse greatly decreased the utility of the 

demographic questions; because of the small number of respondents, responses analyzed 

using this information may not be representative of each state as a whole. 

 

Conclusion 
It is quite possible for the Forest Service to make significant gains in carbon sequestration, 

and significant contributions to climate change mitigation through this process.  Simple 

management changes, using the same techniques that are currently used for forest 

management, could be used to greatly increase the amount of carbon stored on North 

Carolina’s national forests without converting forest acreage from other uses.  Our results 

suggest that, over the entire 100 year simulation, over 11 MMTC of additional carbon 

would be sequestered by these three forests.  Depro et al. (2008) estimated that, when all 

Forest Service units were included, between 17 and 29 MMTC of additional carbon could be 

sequestered per year in a no-harvest scenario.  Considering the relatively small acreage of 

the Forest Service units in North Carolina, and that timber harvesting is still performed in 

our analysis, these results seem consistent.  However, the large differences in results 

between Forest Service units highlight the importance of site-specific accounting for carbon. 

The additional carbon made possible through these changes has the potential to be a 

significant source of revenue for the Forest Service, potentially surpassing current revenues 

from timber harvesting in some scenarios.  These findings conform with Huang and 

Kronrad (2001), who found a similar range of carbon prices necessary to surpass timber 

harvesting revenues.  They also reflect other findings (Alavalapati and Stainback 2002) 
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that show that, on certain forests, even very high carbon prices are unlikely to surpass 

timber revenues.  These factors are highly site specific and dependent on forest type, price 

of timber, site index, rotation, and a variety of other factors.     

Revenues garnered from a carbon crediting program program, and other co-benefits of such 

a program, could be welcome on the National Forests.  Carbon crediting revenues could 

serve as an additional revenue stream that may contribute to under-funded projects or be 

used for further forest improvement or adaptation programs.  Forest Service personnel 

have ample expertise in forest management and a historical interest in forest management 

(Brown and Harris 1992, Brown and Harris 2000), like the more-intensive management 

regimes suggested by our analysis. Seen in this light, carbon sequestration through forest 

management seems a natural choice for the Forest Service, one that could be implemented 

easily and would enjoy support from foresters. 

Naturally, the entire picture is more complex.  While the lands and resources managed by 

the Forest Service are the focus of the economic analyses presented here, they cannot be 

considered without the essential context of the agency that cares for them.  Like any 

organizational change, the agency’s personnel are reticent. Literature suggests that the 

Forest Service has embraced ecosystem management principles after some time (e.g., 

Brown et al. 2010), and adding a new policy directive such as climate change would be one 

more challenge.  Agency employees are probably wary of more directional changes, and 

many expressed reservations regarding anthropogenic climate change. Furthermore, carbon 

crediting is a very recent scientific/policy development, with no known implementation 

projects on Federal lands., so it is unsurprising that employees did not know much about it.      
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Given the complexity of climate change, the public debates about its merits, or our ability to 

reduce it even if does exist, developing a new carbon storage program on National Forests 

faces significant challenges.  Doubts of agency personnel, and the resistance of any 

organization to change, will dampen enthusiasm at least.  Furthermore, the short-run loss 

of timber harvests and revenues may be deemed an unacceptable outcome of instituting 

such a program, unless these are more than offset by carbon credit payments.  The public 

also may object to government-generated credits competing on the open market with 

privately-generated credits.     

Our research indicates that North Carolina’s National Forests can be used to effectively 

sequester carbon, well beyond what they do now, and that such activities could garner 

revenues equal to or greater than current timber sales.  However, considerable new agency 

directives and education would be required to institute this organizational change.   

National Forests have potential to sequester carbon as an effective part of a climate 

mitigation portfolio, but not without challenges.  Like most natural resource issues, how 

these challenges are met does not depend solely on the biotic potential inherent to North 

Carolina’s forests.  Instead, meeting the challenges on these forests depends on the values 

and goals of the public and the people administering them.  The timeliness and 

effectiveness of those efforts will be the ultimate determinant in whether the national 

forests are used to combat climate change.   
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