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Forest carbon stocks are closely tied to forest biomass, so factors that increase tree growth rates
will subsequently increase rates of carbon storage within forests (1, 2). For example, nitrogen
deposition from industrial and agricultural activities has increased soil nitrogen availability, allowing
trees to more effectively increase carbon capture and contributing to the capacity of existing forests
to sequester carbon (3). Additionally, higher atmospheric CO  levels, changes to patterns of
temperature and rainfall, and changing forest management strategies all contribute to higher rates of
carbon storage in existing forests (4-6). There is some uncertainty, however, surrounding the
capability of forests to continue to assimilate additional CO  with additional changes in the climate
(7). Forest management activities can be used to increase the amount of carbon that is sequestered
in forests, as well as the amount of carbon stored in wood products (8). The amount of additional
carbon that can be sequestered depends greatly upon the condition of the forest (e.g., forest type,
age, health) and the forest management practice in question, making it important to take into
account change to carbon stocks across the entire system to assess trade-offs between different
pools (fig. 7). The forest management practices described below generally reduce carbon losses
from forests or increase carbon gains in forests and wood products, although many practices have
the potential to do both.

Decrease Forest Carbon Loss
Decreasing the intensity of forest harvest is one way to decrease carbon losses to the atmosphere
(1, 2). Across diverse forest systems, the “no harvest” option commonly produces the highest forest
carbon stocks (9-11). Managed stands typically have lower levels of forest biomass than
unmanaged stands, even though the annual rate of sequestration may be higher in a younger forest.
In managed forests, reducing harvest intensity, lengthening harvest rotations, and increasing
stocking or retention levels will generally increase the amount of carbon stored within forest
ecosystem carbon pools in the absence of severe disturbance (1, 12-15). One study in the Pacific
Northwest modeled different levels of harvest in Douglas-fir/hemlock forest and found higher levels
of residual forest carbon under less-intense management regimes (16). Another study in the
Northeast United States looked at both even- and uneven-aged management practices in northern
hardwood forests and found that less-frequent harvests and greater levels of structural retention
(e.g., residual trees) resulted in increased forest carbon stocks (11), which is consistent with
observations in experimental studies (17, 13).
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Carbon losses can also be reduced by limiting emissions associated with management, which can
come from a number of sources. Forest harvest can cause disturbance to the ground, releasing
carbon from soils and the forest floor (18). This effect is generally transitory, but varies with the
degree of disturbance (18). Mechanical treatments to thin forest stands can cause disturbance that
leads to additional soil carbon losses through increased erosion (19, 20). Forest harvest also
creates emissions from the operation of machinery used to implement forest harvest; these
emissions vary widely based upon the size and type of machinery, as well as the specifics of
silvicultural treatments. Operations such as tree harvesting, planting, fertilization, and trucking
produce greenhouse gas emissions from the fossil fuel used to carry out these activities (21). For
example, one study that compared the carbon effects associated with different types of harvest
found that the type of skidding machinery (e.g., grapple skidder, cable skidder, etc.) used to haul
wood was more predictive of the net carbon flux of forest management activities than the primary
silvicultural treatment (22).

Forest management may also be able to reduce carbon losses associated with disturbances.
Wildfire in particular is an increasingly substantial source of CO  and other greenhouse gas
emissions from U.S. forests. Annual greenhouse gas emissions from wildfires in the conterminous
United States and Alaska ranged from 42 to 139 million metric tons of CO equivalent during the
period from 2010 to 2013 (23). Fuel reduction treatments can lower the risk of crown fires, which are
more likely to lead to intense fire conditions that cause substantial carbon losses (24, 25, 20). Fuel
reduction treatments lower the density of the forest stand, and, therefore, reduce forest carbon.
Some studies suggest that fuel reduction treatments create carbon benefits over time by increasing
the growth of the residual stand and reducing risk of catastrophic fire (1, 26, 27). The results of
studies to date, however, are divided as to whether this benefit can be realized. Prescribed fires also
result in the release of greenhouse gas emissions, which need to be accounted for when
considering the relationship between fire and carbon (28, 29). Additionally, carbon emissions from
prescribed fire, the machinery used to conduct treatments, or the production of wood for bioenergy
may reduce or negate the carbon benefit associated with fuel treatments, especially when
treatments are repeated (30-32). Further, there are uncertainties in predicting the actual occurrence
of wildfire and its impacts on forests due to an incomplete scientific understanding of ecological
response to fire, of fire behavior response to treatments, and inability to predict fire occurrence at
the stand level (1, 33).

Increase Forest Growth and Carbon Stocks
Many forest management actions may be used to increase the amount of carbon sequestered in
forests and in wood products (1, 2). Similar to the management activities described above that
reduce losses of carbon from forests, carbon gains can be made in forests by increasing the rate of
accumulation of new biomass, as well as by increasing the total amount of biomass. The ability of
different management practices to increase forest growth will vary greatly by region and by forest
type, and the increase in carbon will generally be proportional to increases in growth rates (2). For
example, plantations of southern pine can have increased yields through the combined use of
improved seedlings, control of competing vegetation, and use of fertilizers (2). Fertilization and
irrigation of southeastern tree species can increase biomass growth by more than 100 percent (34,
35), but the carbon accumulation from enhanced growth would need to be balanced with the high
levels of emissions associated with fertilizer production (24).

Forest managers who are working to enhance forest carbon sequestration by managing forests for
increased growth also need to consider the relationship between carbon stored in the forest and
carbon that is harvested to create wood products or energy, which are discussed in more detail in
the next section. Increasing carbon stocks within the forest may or may not be great enough to
balance the associated loss of carbon from harvested wood that may have been stored in long-lived
wood products or avoided fossil fuel emissions through bioenergy (1, 21). It is also important for
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forest managers to consider the interactions between an increase in biomass and increasing risk of
fires, insect damage, and disease, which can negatively impact multiple goods and services,
including carbon.
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Tools

COLE (Carbon OnLine Estimator)
COLE is a versatile and appropriate tool to use for a wide range of carbon estimation needs.
COLE draws from Forest Inventory and Analysis (FIA) data to provide basic carbon inventory
and growth-and-yield estimates for a particular forest, region, or state. 

ecoSmart Landscapes
This tool can help members of the public, cities and other organizations estimate the carbon
and energy impacts of trees. The online tools provide quantitative data on carbon dioxide
sequestration and building heating/cooling energy savings afforded by individual trees. Results
can be used to estimate the greenhouse gas benefits of existing trees, to forecast future
benefits, and to facilitate planning and management of carbon offset projects.

First Order Fire Effects Model (FOFEM)
FOFEM is a model that predicts first-order fire effects including tree mortality, fuel
consumption, emissions (smoke) production, and soil heating caused by prescribed burning or
wildfire.

Forest Inventory Data Online (FIDO) and EVALIDator
FIDO and EVALIDator applications both draw from US Forest Service FIA (Forest Inventory and
Analysis) data to produce estimates with associated sampling errors for user selected forest
attributes. Carbon estimates can be produced for several carbon pools, including total forest
carbon, above and belowground carbon in live trees, standing dead trees, and live seedlings
shrubs and bushes; litter; soil; and stumps, roots and woody debris.

Forest Planner
The Forest Planner enables landowners to visualize alternative forest management scenarios
for their properties. It compares user selected areas to forest stands from a national database
to estimate management outcomes including timber stocking and yields, harvest costs and
revenues, carbon storage, and fire and pest hazard ratings. The tool does NOT account for the
effects of projected climate change on future timber and carbon estimates.

Forest Vegetation Simulator (FVS)
Natural resource managers are increasingly interested in the effects of planned management
activities on carbon stocks. The Forest Vegetation Simulator (FVS) is a family of forest growth
simulation models that allow a user to explore how silvicultural treatments may affect growth
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and yield (and, therefore, carbon stocks). "Suppose" is the name for the graphical user
interface for FVS.

Fuel and Fire Tools (FFT)
Fuel and Fire Tools (FFT) is a software application that uses fuels data classified as fuelbeds to
let users perform a variety of calculations related to fire behavior and emissions. These include
predicting surface and crown fire behavior, fuel consumption, pollutant emissions (including
carbon emissions), and heat release. The FFT integrates several tools that were previously
stand-alone into a single user interface (including the FCCS).

Global Carbon Atlas
The Global Carbon Atlas gives audiences a number of ways to visualize carbon dioxide
emissions and flux data, and to compare between countries and regions over time (1960 –
2012). Its products are grouped into three main categories that are intended for users with
varied technical backgrounds. All products are based on current datasets and models
contributed by scientists and research institutions (seeContributors).

i-Tree
i-Tree consists of several different applications focused on quantifying the benefits of local
trees for neighborhoods and communities. Each application has a unique focus, however
several calculate the carbon sequestration and/or energy savings benefits of urban trees,
including i-Tree Ecoi-Tree Streetsi-Tree Vuei-Tree Design(beta).

NASA - CASA Global CQUEST - Carbon Query and Evaluation Support Tools 
This application from NASA provides datasets and a viewer for geographic data that support
large-scale carbon inventory. The datasets combine NASA remote sensing technology,
ecosystem process modeling, and field-based measurements to characterize impacts on the
carbon cycle.
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