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Abstract

Emissions of the three most important long-lived greenhouse gases (GHG) have increased
measurably over the past two centuries. Carbon dioxide (CO,), methane (CHy), and nitrous oxide
(N,O) concentrations in the atmosphere have increased by approximately 38%, 143%, and 18%,
respectively, since 1750. In the U.S., agriculture accounted for approximately 6% of total GHG
emissions (6,957 Tg CO; eq. [teragrams of carbon dioxide equivalent]) in 2008. Livestock,
grasslands, crop production, and energy use contributed a total of 462 Tg CO, eq. to the
atmosphere in 2008. This total includes an offset from agricultural soil carbon sequestration of
roughly 40 Tg CO; eq. The primary agricultural sources are N,O emissions from cropped and
grazed soils (214 Tg CO, eq.), CH4 emissions from enteric fermentation (141 Tg CO; eq.), CO,
emissions from energy use (72 Tg CO; eq.), and CH4 emissions from managed livestock waste
(45 Tg CO;, eq.). Forests in the United States contributed a net reduction in atmospheric GHG of
approximately 886 Tg CO, eq. in 2008, which offset total U.S. GHG emissions by approximately
13%. In aggregate, the U.S. agricultural sector (including GHG sources from crop and livestock
production, grasslands, energy use and GHG sinks for forests and urban trees) was estimated to
be a net sink of 424 Tg CO, eq. in 2008.

Keywords: climate change, greenhouse gas, land use, carbon stocks, carbon sequestration,
enteric fermentation, livestock waste, nitrous oxide, methane, rice cultivation, energy
consumption.
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June, 2011

Dear Reader:

I am pleased to present you with this report, The U.S. Agriculture and Forestry
Greenhouse Gas Inventory: 1990-2008, an update to USDA Technical Bulletin 1921 (2008),
which accounted for greenhouse gas emissions and sinks for the agricultural and forestry sectors
through 2005.

This report is consistent with the U.S. Environmental Protection Agency’s (EPA)
Inventory of U.S. Greenhouse Gas Emissions and Sinks (April, 2010) in its assessment methods.
However, EPA’s national-scale reporting here has been disaggregated to provide a State-by-State
presentation. We believe this format will serve as a useful resource to land managers, planners,
and others with an interest in greenhouse gas dynamics and their relationships to land use and
land use change.

Data collection and analysis, as well as coordination of this /nventory, could not have
been accomplished without the contributions of Stephen Del Grosso, Ronald Follett, and others
within USDA’s Agricultural Research Service. I also express my thanks to Linda Heath, James
Smith, and Rich Birdsey of the USDA Forest Service; James Duffield of USDA’s Office of
Energy Policy and New Uses; Jerry Hatfield of USDA’s Agricultural Research Service; Stephen
Ogle at the Natural Resources Ecology Laboratory of Colorado State University; and Tom Wirth
in EPA’s Office of Atmospheric Programs for their data, analysis, and review. Their thoughtful
and diligent efforts compose the foundation of this report, which we hope will serve as a useful
resource for a broad spectrum of land management-focused professionals and other interested
individuals.

Sincerely,

William Hohenstein
Director, USDA Climate Change Program Office
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Chapter 1: Introduction

1.1 Global Change and Global Greenhouse Gas Emissions in
Agriculture and Forestry

In 2008, total U.S. greenhouse gas emissions measured 6,957 teragrams of carbon dioxide
equivalents (Tg CO; eq.), rising nearly 14 percent from 1990 estimates (EPA 2010). Global
concentrations of the three most important long-lived greenhouse gases (GHGs) in the
atmosphere have increased measurably since the onset of the Industrial Revolution in 1750.
Carbon dioxide (CO;), methane (CHj), and nitrous oxide (N,O) concentrations in the atmosphere
have increased by approximately 36%, 148%, and 18% respectively (EPA 2010, Keeling &
Whorf 2005, Dlugokencky et al. 2005, Prinn et al. 2000). Agriculture and forestry practices may
either contribute to or remove GHGs from the atmosphere. Agriculture and forestry have
contributed to GHG levels in the atmosphere through cultivation and fertilization of soils,
production of ruminant livestock, management of livestock manure, land use conversions, and
fuel consumption. The primary GHG sources for agriculture are N,O emissions from cropped
and grazed soils, CH4 emissions from ruminant livestock production and rice cultivation, and
CHy4 and N,O emissions from managed livestock waste. The management of cropped, grazed,
and forestland has helped offset GHG emissions by promoting the biological uptake of CO,
through the incorporation of carbon into biomass, wood products, and soils, yielding a total U.S.
net emissions of 6,016 Tg CO; eq. (net CO; flux from Land Use, Land Use Change, and
Forestry, EPA 2010). This report serves to estimate U.S. GHG emissions for the agricultural and
forestry sectors, to quantify uncertainty in emission estimates, and to estimate the potential of
agriculture to mitigate U.S. GHG emissions.

Table 1-1 Agriculture and Forestry Greenhouse Gas ~ Observed increases in atmospheric

Emission Estimates and Uncertainty Intervals, 2008  GHG concentrations are primarily a
Lower  Upper  Lower  Upper  result of fossil fuel combustion for

Estimate Bound  Bound Bound Bound  power generation, transportation,

Source Tg COzeq." percent and construction. In the United
'E:';’C?S;SCK 203 185 230 9 *14 States, agriculture accounted for
P 154 84 215 -34 +71 6.1% of total GHG emissions in
Grassland? 33 5 132 -84 +298
Energy Use? 7 2098 (EPA 2910). Greenhouse gas
Forestry (792) ©@35)  (651) 18 +18 emissions estimates repprted here
Urban Trees (94) are in units of CO, equivalents. Box
Net Emissions (424) (587) (240) -38 +44 1-1 describes this reporting
Note: Parentheses indicate net sequestration. convention, which normalizes all

! Teragrams of carbon dioxide equivalent. .. .
% Includes sequestration in agricultural soils. GHG emissions to C02 equ1valents

? Confidence intervals were not available for this component. using Global Warrning Potentials
(GWP). Agriculture in the United States, including livestock, grasslands, crop production, and
energy use, contributed a total of 462 Tg CO, eq. to the atmosphere in 2008 (Table 1-1). This
total includes an offset, or sink, from agricultural (cropped and grazed lands) soil carbon
sequestration of roughly 40 Tg CO, eq (Table 1-2). Forests in the United States contributed a net
reduction in atmospheric GHGs of approximately 886 Tg CO, eq. in 2008, which offset total
U.S. GHG emissions by almost 13% (EPA 2010). After accounting for GHG sources and C
sequestration, agricultural and forested lands in the U.S. were estimated to be a net sink of 424
Tg CO; eq. (Table 1-1). The 95% confidence interval for this estimate ranges from a sink of 587
to 240 Tg
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BOX 1-1

The USDA greenhouse gas (GHG) Inventory report follows the international convention for
reporting GHG emissions, as described in the introduction of the U.S. GHG Inventory
(EPA, 2006). Emissions of GHGs are expressed in equivalent terms, normalized to carbon
dioxide using Global Warming Potentials (GWPs) published by the Intergovernmental
Panel on Climate Change (IPCC) Second Assessment Report (SAR). Global Warming
Potentials, which are based on physical and chemical properties of gases, represent the
relative effect of a given GHG on the climate, integrated over a given time period, relative
to carbon dioxide (CO,) (IPCC, 2001). The GWP values used in the U.S. GHG Inventory
and this report are recommended by the IPCC for national GHG inventory reporting (Table
B1-1). These values for methane (CH,4) and nitrous oxide (N,O) are referenced to CO; and
based on a 100-year time period (IPCC, 1996).

Table B1-1 (Reproduced from U.S. GHG Inventory 2003, Table 1-2)
Global Warming Potentials of Selected Greenhouse Gases

Gas Atmospheric lifetime (yrs) GWP*
CO2 50-200 1
CHs 12 21
N20 120 310

*For consistency with international reporting standards, the U.S. GHG Inventory
uses GWP values published in the IPCC Second Assessment Report (1996).
Global Warming Potential and estimated atmospheric lifetime values were revised
for some gases in the IPCC Third Assessment Report (2001).

In the USDA and U.S.GHG Inventories, units are expressed as teragrams carbon dioxide
equivalent (Tg CO; Eq.). One teragram equals one million metric tons. The formula for
converting gigagrams (1Gg = 10’ grams) of a GHG to teragrams (1Tg = 10'* grams) of
carbon dioxide equivalent (Tg CO; eq.) is provided in the U.S. GHG Inventory and is
repeated here for clarity:

TgCO, eq.= (Ggof gas) * (GWP) = ( L7 )

1,000Gg

In the land use sector, where carbon dioxide gas is sequestered and stored as carbon (C) in
biomass and soils, greenhouse gas removals are often expressed in units of million metric
tons of carbon equivalent (MMTCE). The formula below shows how to convert MMTCE
to Tg CO; eq., and is based on the molecular weights of carbon and carbon dioxide.

44
TgCO, eq.= MMTCE ~ (ﬁ)

CO; eq. (Table 1-1). Approximately one-third of agriculture’s GHG emissions in 2008 were due
to crop production. Most of the emissions from crop production were from non-rice soils, with
residue burning and rice cropping accounting for about 2% of overall agricultural emissions
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(Figure 1-1). Livestock production is responsible for most of the remaining agricultural
emissions, with about 28% from enteric fermentation, 12% from managed waste, and 13% from
grazed lands. The remaining 14% of total emissions result from agriculturally related energy

usage, which is listed under
the Energy heading by EPA
(2010), but is provided here
for comprehensiveness. It
should be noted that the
estimates in Figure 1-1 are
for emissions only and do not
account for C storage in
agricultural soils and forests.
Regarding sequestration,
forests are by far the leading
sink, followed by harvested
wood products, urban trees,
and agricultural soils (Figure
1-2).

Sources and sinks of
emissions are conveniently
partitioned (sinks are less

Figure 1-1
Agricultural Sources of Greenhouse Gas Emission in 2008

Energy Use (CO.),
72Tg CO, eq.,
14%

Rice Cultivation +
Burning (CH,),
9Tg CO, eq., 2%

Grazed Lands
(CH4+N,0), 65Tg
CO,eq., 13%

Managed

Livestock Waste

(CH{+N,0), 62 Tg
COseq., 12%

Tg CO; eq. is teragrams carbon dioxide equivalent.

than 0) in Figure 1-3. Overall emissions profiles of agricultural sources, including energy use but
excluding storage by soils and forestry, show that sources increased 8% between 1990 and 2008
(Table 1-2, Figure 1-3). The sink strength of the forest pool has increased 13% since 1990 (Table
1-2, Figure 1-3). However, the sink strength of agricultural soils has decreased by approximately

57% since 1990. In
aggregate, the net emissions
decreased slightly from 1990
to 2008 by about 2%.

Annual CO, emissions from
on-farm energy use in
agriculture are small relative
to total energy use across all
sectors in the United States.
In 2008, fuel and electricity
consumption associated with
crop and livestock operations
resulted in 72 Tg CO, (Table
1-1), which is about 1% of
overall energy-related CO,
emissions for 2008, equaling

Figure 1-2
Agricultural Sinks of Carbon Dioxide in 2008

Harvested
Wood (88) Tg
CO; eq., 10%

Urban Trees
©4HTg CO,
eq., 12%

Agricultural

Soils (8) Tg
5,5728 Tg C02 (EPA 2010) Mote: Parenthesis indicate a net CO;eq., 1%
. . sequestration.
EleCtI‘ICIty use l?d 'tO about Tg CO2 eq. is teragrams carbon dioxide equivalent.
38% of CO, emissions from
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energy use in agriculture; diesel fuel use led to about 38%, while gasoline, liquefied petroleum
gas, and natural gas contributed 11%, 7%, and 5%, respectively, to total CO, emissions from
energy use in agriculture.

Figure 1-3
Agriculture and Forestry Emissions and Offsets for 1990, 1995,
2000-2008
600 -
400 Sources GHG
crscms v (510
200 - Bliaged Waste (CH,,N.0)
(CHy)
5‘ D ] B razed Lands (N\OJ
: OEnderic Feonentaticn
S oo 8 Croplnd Soils
P Sirks CHG
400) ; i (CO.)
(400) DAgriculbrl Soils (o3
OUrban Trees (CO,)
600)
(600) DHarvested Wood (CO2)
(EDU) i BForests
(1000) -
(1200) -
1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008
HNote: Parenthesis indicate a net seques bation. Data not reparted for CO . sequestationb yusb an trees fiom2001-2004.
Tg CO, eq. is teragrams carbon dioxide equivalent. CH,is methane. N,O is nitrous oxide. GHG is greenhouse gases.

1.2 Sources and Mechanisms for Greenhouse Gas Emissions

Over half of global annual emissions of CH4 and roughly a third of global annual emissions of
N,O are believed to derive from human sources, mainly from agriculture (IPCC 2007).
Agricultural activities contribute to these emissions in a number of ways. While losses of N,O to
the atmosphere occur naturally, the application of nitrogen to amend soil fertility increases the
natural rate of emissions. The rate is amplified when more nitrogen is applied than can be used
by the plants, either due to volume or timing. In agricultural practices, nitrogen is added to soils
through the use of synthetic fertilizers, application of manure, cultivation of nitrogen-fixing
crops/forages (e.g., legumes), and retention of crop residues. Rice cultivation involves periodic
flooding of rice paddies, which promotes anaerobic decomposition of organic matter in soil from
rice residue and organic fertilizers by CH4-emitting soil microbes. Finally, burning of residues in
agricultural fields produces CH4 and N,O as byproducts.

Livestock grazing, production, and waste cause CH, and N,O emissions to the atmosphere.
Ruminant livestock such as cattle, sheep, and goats emit CHy4 as a byproduct of their digestive
processes (called “enteric fermentation”). Managed livestock waste can release CHy4 through the
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biological breakdown of organic compounds and N,O through nitrification and denitrification of
nitrogen contained in manure; the magnitude of emissions depends in large part on manure
management practices and to some degree on the energy content of livestock feed. Grazed lands
have enhanced N,O emissions from nitrogen additions through manure and urine and from
biological fixation of nitrogen by legumes, which are typically seeded in heavily grazed pastures.
Some pastures are also amended with nitrogen fertilizers, managed manure, and sewage sludge,
which also contribute to GHG emissions on those lands.

Table 1-2 Summary of Agriculture and Forestry Emissions and Offsets, 1990, 1995, 2000-2008

1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008

Source GHG Tg CO2 eq.
Livestock 1764 1930 1920 1926 1943 1893 1911 1956 1986 2043  203.0

Enteric CH4
Fermentation 1324 1437 1368 1360 1363 1345 1346 1367 1390 1412 1408
Managed Waste ~ CHa 293 339 386 40.1 412 384 402 422 423 459 450
Managed Waste ~ N2O 14.4 155 16.7 165 16.8 16.3 16.4 16.6 173 173 171
Grassland (2.1) 57  (22.5) 89 (45 306 316 334 321 311 332
Grassland CHq 29 3.0 27 28 27 27 28 29 3.0 3.0 29
Grassland N20 640 616 582 639 642  59.1 60.1 618 605 595 617
Grassland CO2  (60.0) (589) (834)  (57.7) (T14) (31.2) (31.2) (313) (313) (314) (314)
Crops 1248 1369 1367 1645 1561 1484 1527 1536 1485 1492 15338
Cropland Soils' ~ N20 1394 1437 1513 1597 1497 1473 1519 1532 1500 1507 1534
Cropland Soils2 €02 (226)  (156) (235 @3 (A7 (72 (83  (80) (89 (92  (83)
Rice Cultivation CHy 7.1 76 75 76 6.8 6.9 76 6.8 59 6.2 7.2
Residue Burning  CHs 0.8 0.7 0.9 0.9 0.8 0.9 1.0 0.9 0.9 1.0 1.0
Residue Buming  N2O 0.4 0.4 05 05 05 05 05 05 05 05 05
Energy Use’ e 739 739 739 739 729 719 709 699 705 70 716
Forestry (786.9) (759.9) (545.2)  (593.9) (737.4) (790.7) (805.5) (894.4) (902.3) (898.8) (885.8)
Forests CO2  (508.1) (5742) (3548)  (5005) (639.2) (695.9) (700.2) (7012) (7039) (703.9) (703.9)
HarvestedWood  CO2  (1318) (1184) (1129)  (934) (982)  (94.8) (1053) (1054) (108.6) (103.0)  (88.0)
Urban Trees* CO2  (571) (673) (775) nha nla nla nla (87.8)  (89.8)  (91.9)  (93.9)
All

Net Emissions GHGs (414.2) (350.3) (165.1)  (154.0) (318.7) (350.5) (359.1) (441.9) (452.6) (443.2) (424.2)

Note: Parentheses indicate a net sequestration. Tg CO, eq. is teragrams carbon dioxide equivalent; CH, is methane; N,O is nitrous oxide; CO, is carbon

dioxide.

"Includes emissions from managed manure during storage and transport before soil application.
?Agricultural soil C sequestration includes sequestration on land set aside under the Conservation Reserve Program (CRP), in addition to cultivated mineral

and organic soils.

*Data interpolated for all years except 2001, 2005 and 2008.
“Data not reported for years 2001-2004.

1.3 Strategies for Greenhouse Gas Mitigation

Agriculture and forest management can offset GHG emissions by increasing capacity for carbon
uptake and storage in biomass, wood products, and soils. This process is referred to as carbon
sequestration. The net flux of CO, between the land and the atmosphere is a balance between
carbon losses from land use conversion and land management practices, and carbon gains from

forest growth and sequestration in soils (IPCC 2001). Improved forest regeneration and

management practices such as density control, nutrient management, and genetic tree
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improvement promote tree growth and enhance carbon accumulation in biomass. In addition,
wood products harvested from forests can serve as long-term carbon storage pools. The adoption
of agroforestry practices like windbreaks and riparian forest buffers, which incorporate trees and
shrubs into ongoing farm operations, represents a potentially large GHG sink nationally. While
deforestation is a large global source of CO,, within the United States, net forestland area has
experienced a relatively small net loss of roughly 4.2 million hectares (Kimble et al. 2003).
Avoidance of large scale deforestation and adoption of the practices mentioned above have
resulted in the forestry sector being a net GHG sink in the United States.

Agricultural practices such as conservation tillage and grassland practices such as rotational
grazing can also reduce carbon losses and promote carbon sequestration in agricultural soils.
These practices offset CO, emissions caused by land use activities such as conventional tillage
and cultivation of organic soils. However, strategies intended to sequester carbon in soils can
also impact the fluxes of two important non-CO, GHGs, N,O and CH4. Consequently, the net
impact of different management strategies on all three biogenic GHGs must be considered when
comparing alternatives (Robertson et al. 2000, Del Grosso et al. 2005). Innovative practices to
reduce GHG emissions from livestock include modifying energy content of livestock feed,
supplementing feed with agents that reduce CH, emissions from digestive processes, and
managing manure in controlled systems that reduce or eliminate GHG emissions. For example,
anaerobic digesters are a promising technology, whereby CH4 emissions from livestock waste
are captured and used as an alternative energy source. Nitrous oxide emissions from soils can be
reduced by precision application of nitrogen fertilizers and use of nitrification inhibitors. These
and other practices, many of which have additional benefits beyond GHG emission reductions,
are discussed further in this report.

1.4 Purpose of this Report

The U.S. Agriculture and Forestry Greenhouse Gas Inventory: 1990-2008 was developed to
include emission estimates for years not included in the U.S. Agriculture and Forestry
Greenhouse Gas Inventories: 1990-2001 (USDA 2004) and 1990-2005 (USDA 2008) and to
revise estimates for previous years based on improved methodologies. This inventory provides a
comprehensive assessment of the contribution of U.S. agriculture (i.e., livestock and crop
production) and forestry to the national greenhouse gas emissions inventory. The document was
prepared to support and expand on information provided in the official Inventory of U.S. GHG
Emissions and Sinks (U.S. GHG Inventory), which is prepared annually by the U.S.
Environmental Protection Agency to meet U.S. commitments under the United Nations
Framework Convention on Climate Change (UNFCCC) (EPA 2010). This report, the U.S.
Agriculture and Forestry GHG Inventory (USDA GHG Inventory) supplements the U.S. GHG
Inventory, providing an in depth look at agriculture and forestry emissions and sinks of GHG and
presenting additional information on GHG emissions from fuel consumption on U.S. farms and
ranches. The methodologies and emissions reported here are consistent with the EPA (2010)
inventory. There are, however, important differences in reporting that should be noted and
understood by the reader. For clarity, two examples of these differences will be noted. First, for
the EPA inventory, source and sink categories are defined by the UNFCCC. Because of this, CO,
emissions from agricultural soils are included in the Land Use, Land Use Change, and Forestry
(LULUCEF) chapter instead of the Agriculture chapter. In this report, CO, emissions from grazed
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and cropped soils are included in the Livestock and Grazed Land Emissions and Cropland
Agriculture chapters, respectively. Second, how energy is distributed among economic sectors is
context dependent. This report includes emissions from on-farm energy use, but not the energy
emissions associated with the production and transport of farm inputs. The UNFCCC submission
(EPA, 2010) combines on-farm energy use with energy associated with farm inputs and reports it
in the chapter with energy use from other sectors. Finally, readers should be aware of total
versus net emissions. For example, in 2008 total emissions for the United States were 6,957 Tg
CO2 eq., but net emissions were 6,016 Tg CO2 eq. after accounting for carbon storage in forests,
harvested wood products, and agricultural soils.

The U.S. GHG Inventory provides national-level estimates of emissions of the primary long-
lived GHGs (carbon dioxide, methane, nitrous oxide, and fluorinated gases) across a broad range
of sectors (energy, industrial processes, solvent use, agriculture, land use change and forestry,
and waste). Due to the national-level scale of reporting in the U.S. GHG Inventory, that report
does not always provide regional or state GHG emissions data. However, in some cases county,
state, and regional emissions data are part of the inventory development process and can be used
for more disaggregated analyses.

This report customizes the data from the U.S. GHG Inventory in a manner that is useful to
agriculture and forestry producers and related industries, natural resource and agricultural
professionals, as well as technical assistance providers, researchers, and policymakers. The
information provided in this inventory will be useful in improving our understanding of the
magnitude of GHG emissions by county, state, region, and land use, and by crop, pasture, range,
livestock and forest management systems. The potential to mitigate emissions from cropped soils
is also quantified in this edition of the inventory. The analyses presented in this report are the
result of a collaborative process and direct contributions from EPA, USDA (Forest Service,
Natural Resources Conservation Service, Agricultural Research Service, Office of Energy Policy
and New Uses, and the Climate Change Program Office), and the Natural Resources Ecology
Laboratory (NREL) of Colorado State University.

USDA administers a portfolio of conservation programs that have multiple environmental
benefits, including reductions in GHG emissions and increases in carbon sequestration. This and
future USDA GHG Inventory reports will facilitate tracking of progress in promoting carbon
sequestration and reducing GHG emissions through agriculture and forest management. The
USDA GHG Inventory describes the role of agriculture and forestry in GHG emissions and
sinks, including quantitative estimates of GHG emissions reductions and carbon sequestration
through agriculture and forest management. Extensive and indepth emissions estimates are
presented for all agricultural and forestry GHG sources and sinks for which internationally
recognized methods are available. Where possible, emissions estimates are provided at county,
state and regional scales in addition to the national levels provided in the U.S. GHG Inventory.
Emissions are categorized by additional information such as land ownership and management
practices where possible. This report will help to:

e Quantify current levels of emissions and sinks at county, state, regional, and national
scales in agriculture and forestry,

e Identify activities that are driving GHG emissions and sinks and trends in these activities,
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e Quantify the uncertainty associated with GHG emission and sink estimates, and

® (Quantify the mitigation potential of land management practices intended to reduce GHG
emissions.

1.5 Overview of the Report Structure

The report provides detailed trends in agriculture and forestry GHG emissions and sinks, with
information by source and sink at county, state and regional levels. The report is structured
mainly from a land use perspective, addressing livestock operations, croplands, and forests
separately, but it also includes a chapter on energy use. The livestock chapter inventories GHG
emissions from livestock and livestock waste stored and managed in confined livestock
operations as well as pasture and range operations. The cropland agriculture chapter addresses
emissions from cropland soil amendments, rice production, and residue burning, as well as
carbon sequestration in agricultural soils. The forest chapter details carbon sequestration in forest
biomass and soils, urban trees, and wood products. Fluxes of methane and nitrous oxide in
forestry are not addressed since little information is currently available to develop estimates for
these sources for forests. Qualitatively, forest soils are net methane sinks in the United States and
soil N,O emissions are small because forests do not receive large N additions (<1% of N
fertilizer nationally is applied to forest soils, EPA, 2010). The energy chapter provides
information on carbon dioxide emissions from energy consumption on U.S. farms, covering
GHG emissions from fuel use in livestock and cropland agriculture. While the U.S. GHG
Inventory provides estimates of GHG emissions from energy consumption in the production of
fertilizer, this indirect source of agricultural GHG emissions is not covered in this report.

Chapters 2 through 5 present a summary of sources of GHG emissions and sinks in the land use
or category of emissions covered by each chapter. A summary of GHG emissions at the national
level is provided initially, followed by more detailed descriptions of emissions by each source at
national and sub-national scales where available. Methodologies used to estimate GHG
emissions and quantify uncertainty are summarized. Changes from the second edition of this
inventory are indicated. Text describing the methods and uncertainty for some chapters is
summarized from the U.S. GHG Inventory, with permission from the EPA.

1.6 Summary of Changes and Additions for the Third Edition of the
Inventory

Compared to previous years, more sophisticated methodologies were used in this report to
estimate GHG fluxes form all the major categories. When adjustments are made to existing
methodologies (e.g., using new data sources), recalculations are made for the entire time series of
estimates to ensure consistency. In addition to updating GHG flux estimates for 1990-2005
(based on current methodologies), estimates for 2006-2008 are also included.

Major changes impacting livestock emissions involved revising animal population estimates or
diet assumptions, refining the models used to calculate emissions, using updated activity data,
applying anima specific emissions factors, and accounting for sources previously neglected (see
Chapter 2 for details). Methane conversion rate, digestible energy values for cattle, and feedlot
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diets were updated. As a result of these changes, emissions from enteric fermentation increased
by approximately 18% on average compared to the previous inventory (USDA 2008). The
biggest change for emissions from managed livestock waste is that the inventory now includes
indirect N,O emissions associated with N losses from volatilization of N as ammonia (NHj3),
nitrogen oxides (NOx), and leaching and runoff, as recommended by IPCC (2006). These
indirect N,O emissions are added to the direct N,O emissions to present a more complete picture
of N,O emissions from manure management. As a result of this change in methodology, N,O
emission estimates from manure management systems have increased by approximately 60
percent compared to the previous inventory. In this edition, N additions to soils from grazing
animals are consistent with N excretion data. Nitrate leaching was assumed to be an insignificant
source of indirect N,O in grassland systems where the amount of precipitation plus irrigation did
not exceed the potential evapotranspiration, as recommended by IPCC (2006). These changes
resulted in an approximately 40 percent decrease in grazed soil N,O emissions. The biggest
change that impacted estimates of carbon dioxide fluxes for grazed lands involved using annual
survey data from the USDA National Resources Inventory (NRI). Availability of new data
extended the time series of activity data beyond 1997 to 2003. In previous inventories, activity
data were only available through 1997 at 5-year intervals, and subsequent years were treated as
the same land use practice occurring in 1997. NRI area data were reconciled with the forest area
estimates in the Forest Inventory and Analysis (FIA) dataset, and were incorporated into the
estimation of soil C stock changes. These changes resulted in an average annual increase in C
stocks of soils used for livestock grazing of approximately 40 Tg CO, eq. for the time series,
compared to the previous Inventory.

Although there were no major changes in methodologies for cropland emissions (Chapter 3)
compared to the previous edition (USDA 2008), a series of improvements were implemented.
Instead of assuming that nitrate leaching can occur anywhere, a criterion was used to designate
lands where nitrate is susceptible to be leached into waterways, as suggested by IPCC (2006).
Other changes include: using state-level N data for on-farm use of fertilizers to estimate synthetic
N fertilizer application on non-major crops, including uncertainty in model outputs of N
volatilization and N leaching/runoff in the calculation of uncertainty for indirect emissions, using
a default uncertainty of +£50 percent for Tier 1 uncertainties that were not addressed in the
previous inventory (e.g., crop yields and organic fertilizer amendments), improved estimates of
manure N available for land application, revising the model parameterization for sorghum, and
correcting uncertainty calculations. The main results of these changes are lower N,O emissions
and wider confidence intervals.

Estimates of forest carbon stock changes (Chapter 4) reflect a substantial number of incremental
changes in methods and data compared to the previous inventory. The accumulation of newer
inventory data for most states, including stocks for coastal (southern and eastern) Alaska and
western Texas, affect carbon stock totals and changes compared to previous inventories. Updated
land area analysis resulted in reduction of grassland area in the United States, because woodlands
previously designated as grassland are now considered forest land, thus increasing the estimation
of soil C stock changes in these areas. However, redefining forestland also led to the removal of
low cover, lower productivity woodlands areas from the surveys (Smith et al. 2009), which were
included in the previous USDA (2008) inventory. On average, these changes increased carbon
stock estimates by approximately 8 percent.
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Chapter 2: Livestock and Grazed Land Emissions

2.1 Summary of U.S. Greenhouse Gas Emissions from Livestock

A total of 234 Tg CO; eq. of greenhouse gases (GHGs) were emitted from livestock, managed
livestock waste, and grazed land in 2008 (Table 2-1, Figure 2-1). This represents about 55% of
total emissions from the agricultural sector (EPA 2010). Compared to the baseline year (1990),
emissions from this source were about 26% higher in 2008. The 95% confidence interval for
2008 was estimated to lie between 204 and 332 Tg CO; eq. (Table 2-1).

Table 2-1 Greenhouse Gas Emission Estimates and Uncertainty Intervals in 2008

Upper Upper
Estimate  Lower Bound Bound Lower Bound Bound
Source Tg CO:z eq. percent

CHs enteric fermentation 141 125 166 -1 +18
CHs managed waste + grazed land 48 39 57 -18 +20
N20 managed waste 14 12 18 -16 +24

N20 grazed land 62 39 156 -37 +153
CO:2 grazed land remaining grazed land (5) (7 (3) -53 +42
CO:2 land converted to grazed land (27) (29) (24) -8 +9
Total 234 204 332 -13 +42

Note: Parentheses indicate a net sequestration. Tg CO» eq. is teragrams carbon dioxide equivalent. CH, is methane. N,O is nitrous oxide.
CO, is carbon dioxide.

Enteric fermentation was responsible for over half (141 Tg CO, eq.) of all emissions associated
with livestock production, while grazed lands (62 Tg CO; eq.) and managed waste (48 Tg CO,
eq.) accounted for approximately 26% and 20% of the total emissions. All of the emissions from
enteric fermentation and about 77% of emissions from managed livestock waste were in the form
of methane (CHy). Of the emissions from grazed lands, 96% were in the form of nitrous oxide
(N2O) from soils (Table
2-2). Soils in grazed
lands do not often

Figure 2-1
Greenhouse Gas Emissions from Livestock in 2008
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