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Land-use change and forestry is the maier cafegary featuring carbon sequestration in the annual US
Greenhouse Gas Inventory, required 5y e Usiszd Nafions Framework Convention on Climate Change.
We describe the National Greenhouss Gas Iswesfary and present the sources of our data and methods
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and the most recent results. Foress ond farss® producis in the United States sequestered more than
—790 million metric tn of (0, squivaiess = 2008, on 253 million ha of forestland. This estimate
represents a net increase in carbon, mcluding =%2cis of growth, harvests, or other disturbances of forest
ecosystems, as well as carbon stored == Sarvesizd wood produdis. Both area and carbon density of these
forestlands have increased since 1990 %= et yeor estimates are required. Currently, 89% of net
annual sequesiration is in the forsst cosysem ond the balance is net carbon addition fo harvested
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he US government annuslly o=

l pares an inventory of gresmhoumse
gas (GHG) emissions znd snks

[EPA] 2010) to meet its commirmenss wo-
der the United Nations Framewors Con-
vention on Climate Change. This imvemos
which begins with year 1990 by *-"‘ﬁ'»:-.
includes all mgmﬁczmt sources and snks of
GHGs, including energy. indusrizl pro-
cesses, waste, solvent use, agriculms e
stock), and land-use changz 1 &
Official guidance for conducting thess ==

tional inventories has been

Change (IPCC1
Inventory Program |
2006, Penman et al. 2

guidance states that all managed lands
should be considered in the inventory, in
broad categories such as forestland, crop-
land. grassland, wetland, settlements, and
others. These categories are sometimes collec-
mvely referred to as AFOLU (agriculture, for-
=t and other land use).
This study focuses on the forest sector
forest ecosystems and products), including
urban trees. We present an overview of the
(CHG inventory approach, discuss our data
2nd methods, and present the estimates in-
cluded in the most recent US EPA inventory
US EPA 2010). There are addirional rea-
sons to identify land as afforestation or re-
forestation for reporting (Lund 2006), as
well as other land-use change; however, for
this inventory and study we report on forest-
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land as one category without regard to prior
land use. We expect forests on average in the
near term to continue to exhibit the largest
net sink of all land uses in the United States

(US EPA 2010).
Methods

Data and methodologies for national
GHG inventories follow reporting recom-
mendations of the IPCC Good Practice
Guidance for Land Use, Land-Use Change,
and Forestry (Penman et al. 2003) and 2006
IPCC Guidelines for National Greenhouse
Gas Inventories (IPCC 2006). In this study,
we focus on carbon emitted as CO,; how-
ever, some non-CO, GHGs are included,
reported in terms of CO, equivalents
(CO4eq). The various GHGs have different
global warming potentials, but CO,eq pro-
vides a standard of measurement against
which the impacts of the different gases can
be evaluated. We include the non-CO,
emissions of methane from landfills and
methane and nitrous oxide from fires. Al-
though non-CO, GHGs may be emitted
from forest soils, these are not included in
our estimates.

Background

The national GHG inventories are
built on the principles of transparency, con-
sistency, comparability, completeness, and
accuracy (Penman et al. 2003). Good prac-
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tice guidance is intended to help a country to
produce inventories that are accurate in
terms of neither overestimating nor under-
estimating as far as can be judged, and such
that uncertainties are reduced as far as prac-
ticable and continue to be reduced as new
information becomes available. Transpar-
ency means that the methodology is clearly
explained such that users can replicate and
assess the reported information. Consis-
tency refers to the fact that the inventory
follows the same methodology, assump-
tions, and similar data sets across time so
that changes are real, not just change due to
changes in methodology. Comparability al-
lows inventories from different countries to
be compared with interpretation of the com-
parisons focused on true differences and not
methodological differences. The principle of
completeness is met if all sources and sinks
are included and the entire land area is
considered.

The general approach for estimating
sinks and emissions for many sectors is to
obtain activity data and emission (removal)
factors for a specific activity and multiply
them together. Activity data, such as land-
use change statistics or volume harvested, are
a measure of a human activity that results in
emissions or sequestration for a known time
period. Emissions (or removal) factors are
coefficients that indicate the change in a
GHG per unit of activity data. Factors are
positive values for emissions to the atmo-
sphere and negative for removals of GHGs
from the atmosphere. Concisely,

total change in a GHG for an activity
= activity data
X emissions (or removal) factor.

An example is area of afforestation X CO,
sequestered per area (because of the growing
forest). Multiplying the activity data and
factors gives the total change for the speci-
fied activity. The process includes reporting
estimates and uncertainties, documenting
quality assurance and quality control, and
participating in proscribed rigorous reviews,
which helps build credibility in a nation’s
inventory. It allows for improvements as in-
ventory analysts become more experienced,
and better techniques or data can be sought
or developed.

Key category analysis is used in the
GHG inventories to focus on the major car-
bon categories and pools that exhibit notable
change. The analysis includes a preliminary
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consideration of defining land-use categories
and subcategories, focusing on those that are
the most influential sources or sinks. “Sink”
refers to the annual change in a carbon stock,
not the carbon residing in the stock. Ecosys-
tem pools such as biomass and soil are also
defined and considered for key changes. Us-
ing a key category approach guides the anal-
ysis to focus limited resources on the factors
that affect emissions and sinks the most.
Lands may, however, emit or sequester
notable amounts of GHGs without being
included in the inventory. The GHG inven-
tory focuses on anthropogenic influences
(i.e., human-caused influences) on GHGs.
Because of the difficulty assessing human-
caused changes from changes that would
have occurred without human influence,
IPCC guidance suggests that only lands di-
rectly under human influence be included in
the inventory, and define these as “managed
lands.” The specific definition used for this
study is given in the Methods section. Note
that the lands designated as managed for the
purposes of the GHG inventories may differ
from the typical use of the phrase “managed
lands” because managed lands here are used
as a proxy so that countries count only an-
thropogenic influences on GHG changes.

Estimating Forestland Carbon Using
Forest Inventory and Analysis
Surveys

Carbon stocks are estimated based on
forest survey data, and the change is calcu-
lated by subtracting consecutive surveys.
The US Forest Service Forest Inventory and
Analysis (FIA) conducts forest surveys that
produce the official forest statistics of the
United States (US Forest Service 2009a).
The FIA survey is an efficient framework for
estimating forest carbon at large spatial
scales, and the FIA data provide consistency
with existing forest statistics, which contrib-
utes to the comparability and consistency of
the GHG inventory. We adopt FIA’s defini-
tion of forestland, which generically is land
with at least 10% cover (or equivalent stock-
ing) by live trees of any size, at least 36.6 m
wide and 0.4 ha in size, and includes land
that formerly had such tree cover and will be
naturally or artificially regenerated. Tree-
covered lands in urban areas and in agricul-
tural production settings such as fruit or-
chards are not considered forestland (Smith
etal. 2009), which is why we include trees in
urban areas under the category of urban for-
est. FIA surveys all US forestlands, including

US territories, although annualized mea-
surements in interior Alaska have not begun.

For the purposes of GHG inventories,
land is considered managed if its condition has
been influenced by direct human intervention.

Direct intervention includes altering or
maintaining the condition of the land to
produce commercial or noncommercial
products or services; to serve as transporta-
tion corridors or locations for buildings,
landfills, or other developed areas for com-
mercial or noncommercial purposes; to ex-
tract resources or facilitate acquisition of re-
sources; or to provide social functions for
personal, community, or societal objec-
tives. Managed land also includes legal pro-
tection of lands (e.g., wilderness, preserves,
parks, etc.) for conservation purposes (i.c.,
meets societal objectives). (US EPA 2010,
p. 7-0)

Unmanaged lands are largely consid-
ered inaccessible due to remoteness or are
considered to have limited commercial value
or both. In the United States, all forestland
in the 48 conterminous states are considered
to be managed because much of the area is
accessible or because of the consideration of
social benefits and fire protection. Coastal
Alaskan forest carbon stock estimates are
also included in this inventory. The defini-
tion of managed and unmanaged land is cur-
rently being revisited, for use in the US EPA
GHG inventory to be published in the year
2011.

The majority of the carbon data used
here is available in the FIADB, which is
freely available for download from the Inter-
net (US Forest Service 2009b). Carbon esti-
mation models incorporate coefficients
based on forest inventory data to estimate
separate, nonoverlapping, carbon pools: live
trees (Heath et al. 2003, Jenkins et al. 2003,
Smith et al. 2003), understory vegetation
(Birdsey 1996), standing dead trees, down
deadwood, forest floor (Smith and Heath
2002), and soil organic carbon (Amichev
and Galbraith 2004). See US EPA (2010)
for a compilation of specific information on
the definitions of individual pools and the
carbon conversion factors. Further refine-
ments in data and carbon conversion factors
are expected as the FIA annual inventories
and sampling of down deadwood, forest
floor, and soil are implemented in all states
(US Forest Service 2009a).

We use an approach similar to Wood-
bury et al. (2007a), interpolating between
successive inventory-based estimates of car-
bon stocks (Smith et al. 2010). The esti-
mates are developed in two basic steps. First,
carbon density (metric tons per hectare) is






