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Agriculture and Forestry, by Blake Hudson *
I.

Introduction
As this book demonstrates, the drivers of climate change are varied and multi-faceted. A

wide array of sources contribute to greenhouse gas accumulation in the atmosphere. As is widely
acknowledged, emissions from industrial, transportation, energy, residential, and commercial
sectors are each significant sources of greenhouse gases (GHGs). Yet two additional sectors—
agriculture and forestry—play a pivotal, dual role in climate change. They are both significant
sources of GHGs and important GHG sinks that sequester emissions. Thus, agriculture and
forestry both contribute to climate change and help to regulate it.
Agricultural lands occupy roughly 40-50% of the Earth’s land surface, and include cropland,
managed grasslands, pasturelands, and permanent crops such as agro-forestry or bioenergy
crops.1 Over twelve billion acres of the Earth’s surface were used for agriculture in 2002, and
agricultural lands are projected to increase globally by over one billion acres by 2020 to meet the
demands of rising populations.2 Feeding the earth’s ever-growing population and driving a
significant part of the global economy does not come without an environmental cost, however.
Globally, agriculture accounts for about 10-12% of carbon emissions,3 while in the U.S. it
accounts for 20% of fossil fuel use4 and 7% of GHG emissions.5
Forestlands occupy about one-quarter of the earth’s ice-free land surface, and contain over
half of the world’s plant and animal species.6 Though forests have traditionally been considered
a predominantly local resource controlled and managed by individual property owners or local
governments, the national and global importance of local forests are becoming increasingly
apparent. On local scales, forests provide a broad array of goods and services: timber resources,
watershed protection and purification, water flow regulation and flood prevention, air quality
1
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benefits, biodiversity and habitat protection, nutrient recycling, genetic resources, rainfall
generation, disease regulation, ecosystem stability, recreational and cultural values, and
increased residential and commercial energy efficiency.7 On a global scale, forests sequester
significant amounts of greenhouse gas that would otherwise exacerbate climate change. Even so,
deforestation alone accounts for a full one-third of all carbon released into the atmosphere
between 1850 and 1998,8 second only to the energy sector. Over the last two decades, up to 20%
of global annual carbon emissions resulted from forest destruction and degradation, more than
the global transportation sector.9 Though the U.S. has long been a stable forest sink, that status is
in jeopardy as new threats may lead to significant deforestation over the next 50 years.
This chapter discusses both the GHG source and GHG sink potential of the agricultural and
forest sectors. It also describes the governance and management frameworks for each sector and
the GHG mitigation options available for each. The chapter concludes by highlighting future
challenges for U.S. agriculture and forestry related to GHGs and climate.
II.

Agriculture and Forestry as GHG Sources
Though the agricultural and forest sectors are distinct in a number of ways, their shared status

as global sources of GHGs means they are intricately intertwined. As was the case in previous
centuries in the developed world, today “the main driver of forest loss [in the developing world]
is the conversion of new land on which to grow commodity crops and graze livestock.”10 Yet
agriculture and forestry each uniquely contribute to GHG emissions in a variety of ways.
A. Agriculture
Three primary GHGs are associated with agriculture―carbon (CO2), methane (CH4), and
nitrous oxide (N2O). Though emitted in lesser quantities, methane and N2O emissions are,
respectively, 21 and 310 times more effective at trapping heat in the atmosphere than carbon.11
These numbers represent “global warming potential” relative to carbon.12
2
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Carbon emissions result primarily from microbial decay of crop residues, the sublimation of
soil organic matter into the atmosphere, and the burning of plant litter and soil organic matter.13
Crop land management, including tillage processes, have a significant impact on the quantity of
carbon emissions related to soil carbon, though the clearing of forests and filling of wetlands to
meet increased agricultural demand also contribute to carbon emissions related to agricultural
soils.14 Carbon emissions also arise from agricultural infrastructure—i.e. energy consumed
during agricultural processes, including agricultural machinery used in the preparation of
agricultural lands, the planting, cultivation, and harvesting of agricultural products, and the
carbon-intensive cultivation and processing of livestock feed, pesticides, and fertilizers.15
In addition, carbon emissions arise from factory processing and refrigeration of agricultural
products, and their transportation around the globe.16 Increased international trade of agricultural
products is projected to increase CO2 emissions, though this can be offset in varying degrees by
fuel efficiency gains in the transportation sector.17 Though the overall impact on GHG emissions
due to agricultural infrastructure is relatively low considering that agricultural fuel use is a small
part of total U.S. fuel consumption, improved operational efficiency and no-till farming methods
(which use less fuel) nevertheless can reduce fossil fuel-based agricultural emissions.18
Methane emissions result primarily from the decomposition of organic matter, livestock
manures, and “fermentative digestion” in livestock, with varying levels of methane associated
with particular diets. N2O emissions result from microbial transformation of nitrogen in both
soils and manures and from excess nitrogen presence through the application of ever-increasing
quantities of fertilizer. Agriculture accounted for a full 56% of global non-carbon GHGs in 2005
and is expected to remain the largest contributor of non-carbon GHGs in 2030, by which time
non-carbon GHG emissions are expected to have increased by another 45%.19 Roughly 50% of
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total anthropogenic methane and 85% of N2O are attributable to agriculture.20 Agricultural
methane emissions on the whole increased by 40% between 1970 and 2004,21 and methane
related to livestock production is expected to increase by up to 60% by 2030. 22 Similarly,
Agricultural N2O emissions increased by 50% between 1970 and 2004,23 and are projected to
increase by 35-60% by 2030 because of increases in fertilizer use and manure production.24
In the U.S., agriculture contributes roughly 70% of total N2O emissions and 25% of total
methane emissions.25 Despite the high non-carbon GHG emissions from U.S. agriculture, the
greatest GHG contribution from U.S. agriculture is loss of soil carbon, followed by enteric
fermentation and manure management.26 Though this may remain the case in the U.S. for some
time, the agricultural activity with perhaps the greatest climate impact globally could very well
become livestock production, as it will lead to ever increasing emissions of all types of GHGs
(carbon, methane, and N2O). Higher meat consumption in rapidly developing, populous
countries like China will place concomitant stressors on forests and wetlands, which will be
increasingly converted to agricultural lands. These conversions will both remove forests as a
GHG sink and increase emissions through the cultivation of evermore feedstocks, while also
increasing the methane and N2O emissions associated with livestock digestive processes and
their manure.27
B. Forestry
As noted, over recent decades deforestation and forest degradation have accounted for nearly
1/5 of global carbon emissions.28 The increased recognition of the role of forests in regulating the
global climate has placed global forest protection on the agenda of both international climate
negotiations and negotiations related to establishing a global sustainable forest management
regime.29 These negotiations have mostly focused on Reduced Emissions from Forest
Degradation and Destruction (REDD) programs, or what has become known as “REDD-plus.”
4
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REDD-plus seeks to curb forest destruction and degradation and enhance forest carbon stocks,
and also promotes “conservation [and] sustainable management of forests in developing
countries”30 through programs aimed at alleviating rural poverty, conserving biodiversity, and
sustaining ecosystem services.31
In the U.S., both the threats to forests, and their role in climate change mitigation are
becoming increasingly clear, with scholars noting that “[p]rojections under the base case or
business as usual scenario are that loss of [U.S.] forestland to other uses will be substantial,
causing significant net release of GHGs (e.g., carbon dioxide) currently stored in those forests
and also precluding much of their anticipated future GHG sequestration.”32 Between 1982 and
1997 over 22 million acres of U.S. forests were removed, with nearly 10 million acres going to
developed uses. The deforestation rate accelerated between 1992 and 1997, increasing to nearly
1 million acres of forests converted to urban development yearly. 33 Due to reforestation or
afforestation of other lands, however, forests on the whole have recently constituted no more
than 1% of total U.S. GHG emissions.34 Even so, economic drivers and population pressures in
some regions of the U.S. are expected to compel future deforestation, with 23 million acres of
forests projected to be developed or degraded over the next 50 years in the Southeast alone—an
amount equal to 13% of all southern forestland.35 As a result of these projections and concerns
for forests in other parts of the U.S., avoiding deforestation to achieve GHG mitigation and other
benefits is receiving increased attention.36
III.

Agriculture and Forestry as GHG Sinks
Both the agricultural and forest sectors have significant potential as GHG sinks. Agriculture

can sequester large amounts of carbon in soil and crops. Yet studies have shown that the GHG
sink performance of the agricultural sector is far below its technical potential due primarily to
high costs and other barriers to implementation of carbon sequestration projects.37 Forests are
5
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currently playing a major role as a carbon sink both globally and in the U.S., even though
deforestation continues worldwide. Not only does global forest destruction constitute a
substantial source of atmospheric carbon, but one-third of global carbon emissions are absorbed
by forests each year, making forests the most significant terrestrial carbon sink on the planet.38
As a result, forest preservation has a magnified ameliorative effect on greenhouse gas mitigation,
since forest preservation both avoids adding carbon to the atmosphere and prevents the loss of a
significant carbon sink.
In the U.S., lands containing agricultural and forest operations sequester almost 830
teragrams of CO2 equivalent (1 teragram equals approximately 1 million tons). Ninety percent
of this carbon is sequestered in forests. In 2005, the Environmental Protection Agency (EPA)
found that total forest and agricultural sinks offset 12% of carbon emissions from all other GHGemitting sectors in the U.S.39 Of course, the potential for U.S. agricultural and forest lands to
serve as sinks must be offset by the emissions these sectors themselves generate; the agricultural
sector in particular is a net source of GHGs. Thus, while agriculture accounts for approximately
7% of U.S. GHG emissions, carbon sequestered in agricultural soils offset only 1/10th of these
emissions.40 After subtracting GHG source data from GHG sink data, agriculture and forests in
the U.S. offset 6% of U.S. total GHG emissions in 2005.41
IV.

The Regulatory Framework
As discussed in Part V. below, a variety of measures could mitigate U.S. agricultural and

forestry GHG emissions and encourage utilization of these sectors as sinks. Such measures range
from prescriptive regulations to voluntary and incentive-based programs, to a combination of the
two in the form of cap-and-trade schemes that include agricultural and forest offsets. Regardless
of the mechanisms used, it is important to first understand the regulatory framework within
which U.S. agriculture and forestry currently are situated.
6
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A. Agriculture
Federal involvement in agriculture began in 1933 with the Agricultural Adjustment Act,42
which was “designed to save small farming in America and, to some, it signaled a return to the
Jeffersonian ideal of an agrarian democracy.”43 Since 1933, Congress has passed at least 56
statutes “aimed at agricultural prices and production”44 to preserve agricultural income, soil
conservation, and food supply. Congress has continued to pass farm bills roughly once every 5
years.45 The 1985 farm bill for the first time included numerous conservation programs,
discussed below in Part V., as a response to agricultural erosion and the expansion of agricultural
operations into marginal farmlands to meet “perceived” increase in demand.46 These programs
were thus aimed at preserving both financial and environmental aspects of agricultural lands.47
The 1990 farm bill further refined these programs, and added new ones particularly relevant
to climate change mitigation, like the Wetlands Reserve Program, through which the federal
government purchases conservation easements from, or enters into cost-share arrangements with,
landowners who preserve wetland resources.48 Congress also plays a role in crop emergency and
insurance provision to assist in the event of floods, droughts, and other natural disasters.49 A
number of state and federal programs provide financial assistance to farmers to overcome
barriers to entry into productive agricultural operations and assist with the adoption of
technological enhancements.50
State governments maintain a wide range of tools to govern agricultural activities,
particularly those related to their police power to regulate land use activities. The states most
often exercise this authority through “right-to-farm” statutes (used, for example, to overcome
nuisance claims brought by citizens living near farms) and agricultural zoning laws (to regulate
the when, where, and how of agricultural production within a municipal unit).51 States could also
regulate GHG emissions from agriculture, although “[s]tates have generally refrained from
7
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regulating emissions from any agricultural sources.”52 As a result, the “regulatory framework”
for agriculture in the context of climate change is largely non-regulatory, and consists primarily
of financial incentive programs rather than prescriptive regulation. Many prescriptive federal
statutes contain agricultural exemptions. Some statutes, like the Clean Water Act (CWA),53 do
not regulate agricultural activities that result in nonpoint source water pollution or the filling of
wetlands that would otherwise act as carbon sinks. Such activities are considered to fall within
the domain of land use regulation, which is traditionally reserved to state governments under the
Constitution,54 The states, in turn, are reticent to prescriptively regulate a variety of activities
related to agricultural greenhouse gas emissions. As a result, subsidy programs, tax policy, and
market driven instruments are the primary means of shaping agricultural policy in the context of
climate change mitigation at both the federal and state levels.
B. Forestry
The federal government maintains regulatory authority over the approximately 35% of
forestland that it owns, while state governments are currently responsible for regulating the
remaining 60% of forests owned by private individuals and 5% owned by subnational
governments.55 States have vigorously guarded against federal intrusions into subnational forest
management.56 The federal role is mostly limited to statutes that primarily regulate other
resources, like water pollution under the CWA and species conservation under the Endangered
Species Act (ESA).
Both federal and subnational forest policy options in the U.S. can be situated along a
spectrum, reflecting both the scope of forest values protected and the stringency of regulatory
standards. The scope of forest management standards can range from virtually non-existent (in
many states), to very basic (focusing primarily on timber extraction and fundamental
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silvicultural57 practices like clear cutting and riparian buffer zone protection), to those that seek
to protect the full range of values provided by forests, including biodiversity or carbon
sequestration and other climate mitigation values. Forest management standard stringency might
range from voluntary substantive58 or procedural59 guidelines, to incentive-based programs,60 to
prescriptive regulation.61
V.

Mitigation Measures62
Scholars have argued that “[i]t is increasingly clear that no strategy for mitigating global

climate change can be complete or successful without addressing the widespread emissions from
agriculture and forestry, also known as the land use sector. Yet so far, land-based, or ‘terrestrial,’
carbon has been largely ignored in climate mitigation initiatives, including at the highest
levels.”63 Among the reasons for this oversight is undoubtedly the lack of uniformly applicable
mitigation practices in these sectors. This in turn is the result of the complex web of agricultural
and forestry GHG sources; horizontal geographic distinctions and ecological conditions; and
both horizontal and vertical jurisdictional challenges that make designing and implementing
global mitigation measures difficult. Mitigation is further complicated because mitigation
measures aimed at one type of GHG can actually increase other types of GHGs.64 Furthermore,
mitigation measures that are effective in one location may be less effective or counterproductive
in others, and the effectiveness of mitigation measures can vary over time.65
The Intergovernmental Panel on Climate Change (IPCC) divides agricultural and forestry
mitigation options into three basic categories: 1) options that avoid CO2 emissions by preserving
existing pools or sinks of carbon in tree biomass and soils (e.g., forest or agricultural lands
preservation); 2) options that enhance the removal of atmospheric CO2 through sequestration
(e.g., creation and preservation of sinks through afforestation, adjustment of agricultural
management practices, etc.); and 3) options that directly reduce fossil fuel-related CO2, or
9
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methane and N2O emissions.66 So while mitigation of carbon emissions in agriculture and
forestry depends upon the net difference between carbon sequestration and carbon emissions
within the sector, N2O and methane mitigation depends solely on emissions reductions.67
Importantly, studies demonstrate that different mitigation options become more or less
attractive depending upon a wide range of potential prices for carbon, which of course are in turn
affected by regulatory or voluntary policies that influence carbon pricing.68 In other words, these
studies show that the price of carbon, whether high or low, and the design of regulatory or
voluntary policies aimed at making carbon credits of value to farmers and forest owners, has a
substantial effect on the degree to which agricultural policies will tip toward carbon sink and
away from carbon source. They also impact the amount of forest that is preserved or replanted.
These studies find that “carbon payments, [for example] in the form of CO2 pricing, have the
largest overall impacts on the forest and agricultural sectors.”69
As noted earlier, forests currently account for 90% of the carbon sink in the U.S.,
demonstrating that agriculture is not currently a significant GHG sink. Yet, scholars have noted
that actual levels of GHG mitigation in the agricultural sector are far below the technical
potential, and the “[g]ap between technical potential and realized GHG mitigation occurs due to
costs and other barriers to implementation.”70 If these barriers can be removed, through carbon
pricing, assistance with methane and N2O reduction technologies, or otherwise, then agriculture
can supplement forest sinks by constituting a far greater GHG sink, in the case of carbon, or a far
less significant source, in the case of methane and N2O.
Policies that can harness forests to sequester carbon range from payments to incentivize the
storing of forest carbon to regulatory restrictions on the replacement of forests for development
or agriculture.71 Similarly, agricultural mitigation policies may be incentive-based and aimed at
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the preservation of soil carbon or prevention of methane or N2O emissions, or regulatory
restrictions aimed at addressing each. A variety of GHG mitigation options for the agricultural
and forestry sectors are discussed below.
A. Land Conservation, Preservation, and Enhancement Regulations and Incentive
Programs72
Land conservation and preservation provide perhaps the most efficient mechanism for both
reducing sources of GHGs as well as creating sinks for them—if carbon sequestration or GHG
emissions prevention is the primary policy objective. Yet, this can be challenging because, as
scholars have noted, “protecting large areas of standing natural vegetation typically provides
fewer short-term financial or livelihood benefits for landowners and managers. It may even
reduce their incomes or livelihood security.”73 While regulation may certainly be an option to
achieve preservation objectives in areas where it can be successfully crafted and effectively
enforced, equally important—and perhaps more important given the difficulties in prescribing
limits on the use of land—are non-regulatory incentives that could induce landowners to
preserve lands.
In agriculture, the most effective mechanism for increasing carbon storage and reducing
emissions from N2O, methane, and carbon, not surprisingly, is to facilitate the reversion of
cropland to native vegetation. This can be done either through preservation of large plots of
decommissioned agricultural lands or in a localized fashion embedded within the agricultural
operation, such as by incorporating grassed waterways, field margins, or shelterbelts.74
Converting croplands back to wetlands can result in rapid carbon sequestration gains, as can
planting trees through agro-forestry,75 afforestation, or reforestation.76 Even a change of
vegetative species type can have an effect, as some grasses send carbon into deeper root
systems.77
11

DRAFT: PLEASE DO NOT COPY WITHOUT AUTHORS’ PERMISSION
Forestland protection comes in two primary forms. The first is conservation oriented
programs which keep forestland in the hands of foresters rather than convert it to some other
developed use. These forests may be subject to forestry activities, including extraction, which
can have a significant sink effect, as long as they are continually reforested or otherwise
managed under carbon-sensitive policies. Regardless, at the very least maintaining forest
operations ensures against a major loss of a carbon sink as would occur if forests were
developed, and which might be exacerbated by the potential fossil fuel use-intensive uses to
which the property may then be put. The second primary form of forestland protection is
preservation oriented—policies that simply preserve forests free of forestry operations.
One way in which either forest operations conservation or forest preservation can occur is
through afforestation, which is, according to the IPCC, the establishment of new forests on lands
that have historically not contained them.78 Total forest acreage in the U.S. has rebounded from
early losses to cover about 1/3 of the U.S. today.79 Given a historical baseline of 45% forest
coverage, 12% of U.S. land theoretically could be replanted via afforestation. Restoring the full
12% may be unrealistic, since much of the relevant land remains locked up in agricultural or
other land uses. Nonetheless, some of this land has been taken out of commission as agricultural
land, and thus might be suitable for replanting. Indeed, between 1982 and 1997, 14 million acres
of former agricultural lands were converted to forest. Notably, however, a significant acreage of
private forests was converted to agricultural or developed lands during the same time period.80 In
addition, there may be some lands not historically forested that could be planted in forest cover.
1. Federal
a. Federal Regulations
At the federal level, there is very little prescriptive regulation aimed specifically at land
preservation aside from policies that apply to federally owned lands, which make up nearly 1/3
12
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of the U.S. land base. In the forestry context, for example, national parks, wilderness areas 81 and
forests subject to the U.S. Forest Service’s roadless rule82 are de facto conservation/preservation
areas. Of course, such policies could change in the future, but they currently protect a vast
quantity of resources crucial to combating climate change—for example, nearly one-third of the
land administered by the U.S. Forest Service is designated as wilderness.83
At least two federal statutes do prescriptively regulate private land conservation, however.
The ESA indirectly serves to preserve land in at least some circumstances, as a result of its
mandate to protect at-risk species and their critical habitat. The statute with perhaps even greater
potential to conserve land is the CWA, with its section 404 permitting program which governs
the dredging and filling of wetlands. The 404 program, overseen by the U.S. Army Corps of
Engineers, can facilitate federal government conservation or preservation of carbon-loaded
wetlands, including the many forested wetlands along the nation’s coast and a variety of other
wetlands filled for agricultural operations. Yet this remains a potential only—the Corps of
Engineers approves the overwhelming majority of applications for wetland fill permits, despite
the potential of wetlands to sequester substantial quantities of carbon.84
According to the IUCN, coastal wetlands sequester fifty times more carbon in their soil per
unit of area than tropical forests and ten times more than temperate forests.85 Coastal wetlands
have great potential for carbon sequestration since their continual accretion and burial of
nutrient-rich sediments accumulates carbon over longer time periods and at higher rates than
other ecosystems.86 Even so, coastal wetlands are under tremendous strain, primarily related to
commercial and residential development activities in the coastal zone87 as well as agricultural,
industrial, and energy development along the coast.88
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A significant amount of U.S. coastal wetlands have already been developed,89 with total
wetland losses accelerating in recent years.90 The state of Louisiana is losing 6,600 acres of
coastal wetlands a year,91 and in only the last fifteen years Florida has lost 84,000 acres of
wetlands to urban development—a rate of 5,600 acres a year.92 Coastal watersheds in the Great
Lakes, Atlantic Ocean and Gulf of Mexico lost 59,000 acres each year from 1998 to 2004.93
The primary reason that the 404 program has not been utilized to address climate change is
that the administration of the CWA does not explicitly contemplate impacts on climate. Rather,
the program focuses on water quality impacts, allowing dredge and fill of wetlands when there is
no practicable alternative that is less damaging to aquatic resources or when the nation’s waters
would not be significantly degraded.94 Importantly, however, the program does require wetland
offsets that could become significant carbon sinks.95 Additionally, other adjustments in policy
would allow the 404 permit requirements to play a greater role in preserving wetlands. Currently
the 404 program exempts “normal” agricultural operations.96 Some scholars argue that
eliminating this exemption “could protect many jurisdictional wetlands that are currently allowed
to be plowed with impunity,” and that, “without the exemption for those wetlands that are
impacted, mitigation would be required to offset the functions impacted by the agricultural
activities, as is required for other types of activities that impact jurisdictional wetlands.”97
In the future, Congress may pass federal statutes aimed at private forest or agricultural lands
conservation or preservation, but it has yet to do so. Accordingly, the primary mechanisms by
which the federal government seeks to influence agricultural and forest conservation and
preservation are incentive programs and subsidies.
b. Federal Incentive Programs and Subsidies
A variety of existing federal programs could be used to incentivize agricultural or forest
conservation and preservation, discourage GHG emitting activities, or facilitate information
14
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dissemination to achieve mitigation goals. These programs might also be used to facilitate the
purchase or creation of conservation easements to preserve carbon sinks, or to make outright
property purchases. Of course, many of these programs are largely subsidized by federal tax
dollars, making their implementation vulnerable to budget cutbacks during times of fiscal
restraint.
One healthy program, the farm bill, has consistently expanded its budget, with the 2008
version topping out at $284 billion.98 Still, commentators have speculated that as a result of
challenging economic times, even the farm bill will suffer. The “number and scope of new
programs is likely to be far smaller” in the next farm bill, and “funding for any new programs
will likely have to be offset by reductions to existing programs.”99 In addition, countervailing
subsidies can undermine existing GHG mitigation programs. The U.S. is one of the greatest
subsidizers of agriculture in the world, paying billions each year in subsidies, many of which are
for GHG intensive commodity crop production100 and which give rise to a number of other
environmental harms.101
Despite inconsistent government support and economic constraints, some programs remain
effective at fostering agricultural or forest land protection; and some may be good models for
devising new incentive programs. Perhaps one of the most well-known such initiatives is the
Conservation Reserve Program (CRP), which typically pays farmers to retire land from
production for ten to fifteen years if the land is of particular environmental importance or is
environmentally vulnerable.102 In 2008, more than 34 million acres were enrolled in CRP, though
the 2008 Farm Bill capped the amount of acreage that could be enrolled to 32 million (around 7
million acres lower than the previous cap).103 The program has been described as “the largest
environmental program on private lands in the United States,” sequestering 48 million more
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metric tons of CO2 than under the business as usual scenario, according to the U.S. Department
of Agriculture (USDA).104 The 2008 Farm Bill “expanded [CRP] eligibility to include
management practices on private forest lands and other natural resource areas,” 105 and has
funded projects to, for example, plant up to 500,000 acres of bottomland hardwoods, some of the
most productive forestlands for sequestering carbon.106 Still, as Professor Angelo has observed,
“the amount of money devoted to…conservation programs pales in comparison to the money
expended on commodity subsidy programs . . . approximately 1.5 billion dollars per year is spent
on the [Conservation Reserve Program] as compared to the 20 billion dollars per year spent on
the commodity subsidy programs.”107
Another incentive-based initiative, the Wetlands Reserve Program,108 assists landowners in
restoring and maintaining wetlands through cost sharing or the creation of easements for
restoring wetlands on agricultural land.109 Landowners have three options. First, a perpetual
conservation easement granted to the USDA may allow them to receive payment for the full cost
of restoration, or second they may grant a thirty year easement to the USDA and receive threequarters of the restoration cost. Finally, a landowner may enter into a cost-sharing agreement
with the federal government to restore or enhance wetland functions. 110 Nearly $230 million has
been spent under the program to enroll more than 2 million acres of wetlands.111
In the forestry sector, the Forest Legacy Program112 enlists the Forest Service and state
forestry agencies in preventing the conversion of private forestlands to non-forest uses, primarily
through the purchase of conservation easements. The federal government may fund up to 75% of
project costs, while the remaining 25% comes from private, state or local sources. Landowners
also benefit from reduced taxes associated with the restrictions placed on land use.

16
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The U.S. Department of Agriculture offers a variety of other voluntary, incentive-based
programs to promote conservation or preservation of agricultural or forested lands. These include
the Environmental Quality Incentives Program,113 the Conservation Stewardship Program,114 the
Agricultural Management Assistance Program,115 the Healthy Forests Reserve Program,116 the
Conservation of Private Grazing Lands Program,117 the Farm and Ranch Lands Protection
Program,118 and the Grassland Reserve Program.119 The responsible government agencies might
use these measures more aggressively than they currently do, or conceivably might adjust them
administratively to focus more explicitly on GHG mitigation.120 For its part, Congress could also
adjust existing programs or develop other subsidy programs designed specifically to target GHG
emissions reductions and sequestration.
Finally, the U.S. Congress could provide disincentives for carbon intensive agricultural or
forestry activities, or coerce adoption of carbon sequestration policies. Indeed, Congress could
require administrative agencies to do so through existing subsidy policies. The federal
government could take an instructive cue from the European Union, which in 2003 began
requiring that certain environmental requirements must be met before agricultural interests could
receive subsidies.121
c. Federal Cap-and-Trade + Carbon Offsets: a Combined
Regulatory and Incentive-Based Approach
A potentially significant mechanism for encouraging forestland and agricultural conservation
and preservation is offset programs, either stand-alone or coupled with a regulatory cap-andtrade or carbon taxation system. These programs work by allowing industries to meet their
emissions cap or taxation requirements (or public relations goals) by offsetting emissions
through agricultural or forestry carbon sequestration projects. Though not gaining traction to
date, most iterations of proposed domestic climate legislation in the U.S. have provided for
17
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carbon offset projects driven by investment in, or credit purchases from, approved sequestration
projects—primarily those related to forests.122
These programs have potential in part because policies aimed at reducing emissions alone
from the agricultural and forest sectors may not be as attractive as those that both reduce
emissions and increase the productivity of operations.123 Increasing productivity may occur
through expanding and adjusting existing agricultural and forestry operations, causing more
carbon to be sequestered, or by establishing new GHG offset projects that allow industry to defer
costs associated with emissions reduction expenses.
As discussed in greater detail in Part V below, commentators have called for incorporating
farming and land use offset investments into cap-and-trade programs or for establishing
voluntary offset programs.124 In addition to forestry projects, the U.S. government has considered
agricultural offset or payment programs to encourage conservation tillage, reduction of nitrogen
fertilizer, change in manure management practices, and conversion of agricultural lands to
forests or grasslands.125
2. State and Local Initiatives
a. State and Local Regulations
State and local governments may use their land use regulatory authority to zone for the
conservation or preservation of agricultural or forest lands. An example is Washington County,
Maryland’s Forest Conservation Ordinance,126 implementing the Maryland Forest Conservation
Act.127 This Act requires all counties in Maryland with less than 200,000 acres of forest cover to
adopt ordinances to conserve forests.128 Washington County’s ordinance provides that
development of land expected to remove 40,000 square feet or more of forest must submit a
mitigation plan to the county planning commission.129 Funds generated by mitigation
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requirements are used for conservation easement purchases and forest planting in sensitive
environmental areas.130
State and local governments may also develop purchase or transfer of development rights
programs (PDR and TDR programs). These allow governments to directly purchase development
rights to maintain forest and agricultural lands, or they may prohibit development of lands in one
area and allow the transfer of those rights to areas elsewhere that may otherwise be subject to
zoning restrictions prohibiting the development sought.131 Similarly, state and local governments
may develop urban growth boundaries to protect agricultural and forest lands. Oregon, for
example, maintains a comprehensive growth boundary plan,132 and protects rural lands outside
the boundary including non-urban agricultural and forested lands.133
b. State Incentive Programs and Subsidies
State conservation and land management programs very similar to those at the federal level
exist in most states, and include programs aimed at cost-sharing, technical assistance, or tax
policy. Various states have specific programs aimed at GHG emissions mitigation or
sequestration.134 A number of states have designed agricultural district programs to preserve
agricultural land from “indiscriminate conversion to nonagricultural uses . . . .” 135 Property
owners voluntarily sign contracts agreeing to maintain their land in agricultural use for a set
period and receive a range of benefits in return, from differential tax assessments to deferred
assessments to protection from eminent domain, annexation, or anti-agricultural statutes.136
Other states have focused on ecosystem service programs. The Florida Ranchlands
Environmental Services Project,137 for example, provides ecosystem service payments to
ranchers to achieve water storage, phosphorus retention and wetland habitat enhancement
through mechanisms other than man-made public works projects.138
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c. State Cap-and-Trade + Carbon Offsets
Though a federal cap-and-trade program for carbon emissions has not materialized as of
2013, California has created just such a scheme, and it includes an offset program that covers the
agricultural and forestry sectors.139 The Global Warming Solutions Act of 2006,140 also known as
AB 32, seeks to cap and reduce GHG emissions to 1990 levels by the year 2020 and achieve an
80% reduction from 1990 levels by 2050.141 AB 32 provides a GHG offset program for certain
types of agricultural (livestock-related) and forestry (including urban forestry) projects. Entities
may use offset credits to meet up to 8% of its triennial compliance obligation under the
program.142
In addition to offset programs driven by GHG emissions regulation, there are a variety of
voluntary carbon offset markets where carbon credits may be purchased by businesses,
individuals or interest groups seeking to reduce their “carbon footprint,” perhaps for public
relations or other purposes or in anticipation of future climate regulation. Some of these
programs have focused directly on agricultural offsets.
By mid-2009, 10,000 farmers across nearly 35 states had allocated more than 10 million
acres to offset projects, though that number may have dropped as hopes of a federal carbon capand-trade program have waned.143 Even so, entities like the Pacific Northwest Direct Seed
Association144 have provided 30,000 tons of CO2 offset credits to Entergy, an energy company.
These credits were generated by farmers who agreed to use a “direct seed” agriculture method
for at least 10 years.145 Other programs include the National Farmers Union and the Iowa Farm
Bureau, the Illinois Conservation and Climate Initiative, the Indiana Environmental Credit
Corporation, and the Upper Columbia Resource Conservation and Development Council.146 The
scope of these and similar programs cover no-till crop management, conversion of cropland to
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grass, managed forests, grasslands, and rangelands, new tree plantings, anaerobic digesters and
methane projects, wind, solar, or other renewable energy use, and forest restoration.147
B. Changing Agricultural Methods148
Changes in agricultural methods through adjustments in crop cultivation and livestock
production could by some estimates offset one quarter of yearly global emissions from fossil fuel
use—especially if driven by the right economic incentives.149 In the U.S., studies estimate that
between 257 and 807 million tons of CO2 equivalent (up to 11% of U.S. 2007 emissions) can be
sequestered in the country’s agricultural soils each year.150 Importantly, “agricultural GHG
mitigation options are found to be cost competitive with non-agricultural options (e.g., energy,
transportation, forestry [GHG mitigation options]) in achieving long-term (i.e., 2100) climate
objectives.”151
Agricultural methods can be adjusted to mitigate GHG emissions in one of two ways. First, a
variety of improvements related to crop cultivation may facilitate GHG mitigation, both with
regard to carbon (through tillage, crop residue management, restoration of organic soils drained
for crop production, restoration of degraded lands, and changes in the type of agricultural
operation engaged in, such as conversion of cropland to grassland) as well as methane and N2O
(through nutrient use and fertilization methods).152 Second, adjustments in livestock operations
can mitigate GHGs, primarily related to grazing, manure management, methane capture for
biogas production, and improved diet through the use of specific feeds and feed additives.153
Intensity and timing of grazing can influence carbon accrual in soils,154 and rotational grazing of
livestock can both provide the soil carbon benefits of perennial crops and increase beef
production.155
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C. Forest Management Practices and Linkage of Forests with Other Sectors
As with agricultural operations, forestry practices can be adjusted where forest operations
remain in place. Afforestation, reforestation, stand density, forest road standards, riparian buffer
zone expansion,156 and annual allowable cut requirements may be utilized to increase carbon
sequestration in forest operations. In addition, harvesting long-term wood products, reducedimpact logging, forest certification scheme participation, reducing fertilizer usage, and agroforestry157 can reduce emissions and/or sequester carbon.158 Though fertilizer is a source of GHG
emissions, and controlled burning of forest lands can emit carbon during burning events, these
mechanisms may also be used in forests to enhance carbon sequestration and forest productivity
and contribute to forests being a greater GHG sink overall. Delaying rotation of forest stocks to
allow for more carbon sequestration can be of further benefit.159
D. Biofuels: Substituting Agricultural or Forestry Feedstock for Fossil Fuels
The use of grains, crop residue, cellulosic crops like switchgrass, sugarcane, or trees for
energy in lieu of fossil fuels releases CO2, but has the potential, in theory, to create a closed loop
system whereby carbon emitted from biofuels is continually “re-sequestered” during the process
of renewing these fuel sources.160 This is unlike the open-ended use of non-renewable fossil
fuels.161 Importantly, of course “the net benefit to atmospheric CO2 [ ] depends on energy used in
growing and processing the bioenergy feedstock.”162 Yet, concerns over impacts on other land
uses, including for food production, biodiversity protection, and other environmental uses, make
the overall effects of bioenergy uncertain.
A primary biofuel debate regards the relative benefit of using corn-based ethanol,
considering that it is carbon-intensive to cultivate and creates stress on the food sector. The use
of cellulosic ethanol from wood-based and other products, on the other hand, provides some
potentially significant advantages over corn-based ethanol in terms of relative GHG emissions.
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At least one study has found that the use of cellulosic ethanol results in a 65% reduction in GHG
emissions relative to the use of corn ethanol.163 A primary reason for this is that corn-based
ethanol production requires more energy, water, and fertilizer use due to more frequent
cultivation requirements. Cellulosic ethanol production, on the other hand, requires far less
frequent cultivation inputs164 (occurring a few times over 20 to 50 years for managed stands, less
frequently for unmanaged stands).165
Second, cellulosic ethanol production has the potential to use virtually no fossil fuel in the
conversion process, because waste biomass material can itself be used as a fuel to drive the
process, rather than fossil fuels. In addition, cellulosic ethanol feedstocks sequester more carbon
in the soil than do corn feedstocks, with switchgrass, for example, maintaining a root system that
penetrates over 10 feet into the soil and weighs as much as an entire year’s growth aboveground
(6-8 tons per acre).166 Perhaps most importantly, cellulosic ethanol does not place a corollary
strain on food products and their prices like corn-based ethanol.
In fact, as the pulp and paper and timber industries continue to move overseas, the
development of cellulosic ethanol markets would provide a market in which private forest
owners may participate, and could be an important incentive to encourage them to maintain
forest lands as carbon sinks, rather than to develop them for residential, commercial, or industrial
development. Of course, scholars have cautioned against perceiving cellulosic ethanol as a
“panacea,” noting that the “concerns associated with planting large areas of plants for cellulosic
biofuels depend in large part on what land uses they are replacing.”167 If cellulosic ethanol
production operations “replace fields currently occupied by industrial commodity crops, the
environmental and energy benefit could be significant. However, if the same acreage of
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industrial commodity crops continues to be grown and additional natural lands are converted to
grow cellulosic biofuel crops, there would likely be additional environmental harms . . . .”168
Though the potential promise of biofuels is substantial, technological progress has yet to
scale up biofuel use for industrial and commercial purposes and to meet the GHG mitigating
potential of biofuels. Even so, a variety of federal programs are aimed at encouraging private,
state, and local entities to perform research on and use forest biomass for energy, such as the
Forest Biomass for Energy program169 and the Community Wood Energy program.170 The 2008
farm bill created the Biomass Crop Assistance Program to “assist in the development of
renewable energy feedstocks, including cellulosic ethanol, and to provide incentives for
producers to harvest, store, and transport biomass.”171 Renewable fuel or portfolio standards that
require biofuel use may also be crafted at the national, state, and local levels.172 Chapter 16
discusses U.S. biofuels policy in detail.
E. Barriers to Mitigation173
Though agriculture and forestry provide vast GHG mitigation promise due to their unique
capacity to draw GHGs back in from the atmosphere, the sequestration opportunities they present
special political and temporal implications that complicate reliance on these sectors. Most of
these problems are related to saturation, additionality, leakage, and permanence, each of which
will here be discussed in turn.
Saturation is the maximum storage capacity of agricultural and forested lands. Soils or
terrestrial biomass subject to targeted carbon sequestration projects may fully saturate 15-60
years after project inception, though forests take longer to saturate, around 80 years.174 One way
to avoid saturation is to cultivate what would otherwise be a steady-state forest over time and
selectively harvest and reforest over time to maintain forest succession.175 This might be
particularly effective in maximizing carbon sequestration over specified time frames if the forest
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products removed are ultimately used in semi-permanent uses, such as construction. As scholars
note, “[e]ven if the forest is harvested, however, sequestration can be long lived if slow-growing
older trees are processed to lumber used in construction of houses that last for decades.”176
In addition, it can be difficult to ensure that forest or agricultural offsets are “additional” to
what would have otherwise been achieved.177 A related issue is the baseline used to judge
agricultural or forest mitigation gains, an often difficult task.
Reversability, or permanence, presents another challenge. A sudden change in management
may undermine gains, which may also result from natural or intentional disturbances like fires,
insect blights (pine beetles, etc.), disease, or invasive species, just to name a few examples.
Uncertainty regarding both science and the practical mechanisms by which agricultural and
forest GHGs are sequestered or limited presents additional hurdles. Much less is known about
GHG mitigation from agriculture and forestry than from industrial activities, especially with
regard to measurement, monitoring, and verification. Product life cycles present particular
difficulties for measurement and monitoring. Carbon-based products, for example, can end up as
short-term products like food or paper, or long term products like lumber construction. At the
end of their life cycle, the products’ carbon might be released very quickly (if burned for energy
or disposal) or very slowly (if landfilled).
In addition, while the amount of carbon stored above ground in forests is relatively easy to
measure, soil carbon is more difficult to assess. For example, measuring methane emissions from
enteric fermentation is difficult, while measuring methane used for energy production out of
manure management systems is relatively easy.178 The variability between seasons and locations
adds an additional layer of complexity.
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The final three mitigation barriers are leakage, transaction costs, and property rights
complications. Leakage results through displacement of emissions, whereby reduction of
production in one area may be offset by increases in another area. Transaction costs may be
substantial if administrative mechanisms are complex or poorly developed. Property rights can
give rise to a basic tragedy of the commons scenario: unless the owners of agricultural and forest
lands are compensated for the public environmental benefits that their land provides, they may
have no incentive to preserve those benefits.
VI.

Tipping Towards Source or Sink?: Future Issues for U.S. Agriculture and Forestry
Perhaps the greatest threat to the use of agriculture and forests as sinks to combat climate

change is simply the loss of agricultural and forested lands to more remunerative use for
development. Developed land in the U.S. increased by 25 million acres (34%) between 1982 and
1997, which “means that more than one-fourth of all of the land converted from rural to urban
and suburban uses since European settlement occurred in only 15 years.”179 The 34% increase in
land development corresponded with a population growth of only 15%; land consumption
occurred more than twice as fast as population growth.180 Furthermore, “the mismatch between
land development and population growth is widening. Between 1982 and 1992, land was
developed at 1.8 times the rate of population growth. Between 1992 and 1997, that multiple had
grown to 2.5.”181
This poses serious threats to the maintenance of lands as agricultural or forested landscapes.
Indeed, the carbon sink potential of private forests in the U.S. is projected to drop by nearly twothirds between 2010 and 2050.182 As a result, “absent any policy interventions or unforeseen
changes in natural, economic, or institutional phenomena, the forest sector’s role in partly
offsetting the country’s GHG emissions will diminish.”183
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A. Agriculture and a Growing Population’s Demand for GHG-intensive Food
The global population is expected to increase by nearly 20% by 2050, reaching nearly 9
billion, with a corresponding 70%-100% increase in agricultural demand due not only to
population growth, but also to energy demands and higher incomes in developing countries.184
It is true that technological advancements have facilitated an increase in the global average daily
availability of calories per capita, despite the fact that per-capita agricultural land acreage has
declined. Yet while growth in land productivity is expected to increase, it will do so at a
declining rate, and any increased productivity will require increased demand for energy and
GHG emissions-intensive irrigation and fertilizer use.185
Developing nations are expected to rely increasingly on more carbon-intensive food stocks,
like meat. Meat demand in the developing world rose at an increasing annual growth rate from
1967-1997, primarily due to demand from China, and is projected to increase again by 57%
between 2000 and 2020.186 Indeed, in China alone meat consumption doubled over the past
twenty years and is expected to double yet again over the next twenty.187 Methane and N2O
emissions will rise along with demand for meat and dairy products, and as nations continue to
move toward larger livestock production operations.188
Related to livestock production is the ever-increasing reliance of growing populations on
corn-based products. The production of corn has been criticized for creating a variety of climate
related harms. Corn is fed to virtually every type of livestock that is harvested, including cattle,
poultry, pork, and fish, and is an ingredient in virtually every processed food for sale for human
consumption. The United States is the leading producer of corn worldwide, growing nearly 40%
of the global total.189 Some of the more disturbing research has found that a majority of the
carbon in American citizen tissues is derived from corn, most of which humans cannot even
digest without carbon-intensive industrial processing.190
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Not only is such processing GHG intensive, but corn “is one of the most energy-intensive,
water-intensive, and pesticide and fertilizer intensive crops we grow.”191 In the U.S., “[i]t is only
by virtue of America’s market-distorting subsidy programs that farmers have a reason not only to
grow corn, but to grow it in such a high-yield fashion requiring large inputs of fossil fuels and
water which contribute to degradation of the environment.”192 Yet, global pressures for corn
products will only rise under current projections. Corn crops “have faced increasing demand in
the world market over the past ten years as they are sources of both human and animal food.”193
Indeed, it seems clear that in the face of rising populations, a portfolio of strategies will be
necessary to just keep agricultural GHG emissions at current levels, much less reduce them.
Increasing crop yields, putting a price on agricultural GHGs, and the numerous other mitigation
approaches discussed above will be crucial if agriculture is to tip toward being a part of the
climate change solution, rather than increasingly tipping toward being a major contributor to
GHG emissions and climate change.
B. Forests and a Growing Population’s Demand for Land: a Southeastern Case Study
By far, the largest categorical contribution in agriculture and forestry to carbon sequestration
in the U.S. is the preservation of forestland.194 Yet even this bright spot in U.S. GHG mitigation
is under threat. The U.S. Forest Service’s “Southern Forest Futures Project” summary report
(Futures Report) provides a case study of threats to U.S. forests as population, agricultural, and
land development pressures rise. The Futures Report forecasts that the southeastern U.S. may
lose up to 23 million acres (or 13%) of forests by 2060 due to urbanization, population growth,
invasive species, and climate change. For perspective, consider that this amount would be
roughly equivalent to clearing all of the forests within the entire state of Alabama.195 This
deforestation would be a huge blow not only environmentally, but economically, given the
importance of the forestry sector to the southeastern U.S.196
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The case of southeastern U.S. forests demonstrates that in the future deforestation will not be
a potential problem limited to the Amazon, Indonesia, or other developing regions. Though U.S.
forests have recovered from the historical lows of the early 1900s,197 a return to a deforestation
trajectory would be a significant setback for domestic forest resources and the local services they
provide as well as the utilization of forests globally to combat climate change. Indeed, the
Futures Report found that forest losses in the south would negatively impact carbon storage
capacity in the region, with the amount of carbon sequestered in southern forests and their soils
reaching a maximum in 2020,198 and then declining over the next four decades.199 This decline
“would be a challenge for carbon mitigation policies, presenting a dynamic baseline where a first
order policy objective would be to stabilize rather than expand forest carbon stocks.”200
In other words, even if the political will could be garnered to pass forest carbon climate
mitigation policies in the region, not only would southeastern forests be unable to sequester
additional amounts of carbon, but it also would be exceedingly difficult to prevent southeastern
forests from becoming an increasing source of atmospheric carbon. And all this is
notwithstanding the seeming lack of political will in the southeastern U.S. to pass even basic
forest management standards for timber extraction, much less for carbon sequestration.201
Ultimately, some increased measure of federal or state regulatory or incentive-based inputs into
private forest management will be needed to address increasing threats to these forests in the
coming years.
VII.

Conclusion

Both the agricultural and forestry sectors are potentially significant sources of global GHGs.
Yet unlike most other sectors of the economy, both of these sectors maintain vast and potentially
unmatched potential to be climate change mitigators, whether through sequestering carbon or
using methane emissions or biofuels as substitutes for fossil fuels. Consider the forest sector.
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Though the many ecosystem services provided by forests are well-known, many are related to
climate change mitigation. Forests provide a renewable source of building materials and paper
products and a means of regulating local ambient air temperatures in urban and rural areas during
the summer, which in turn lowers fossil-fuel driven electricity usage and produces energy cost
savings. Forests are also a source of renewable fuel in the form of cellulosic ethanol and
renewable and biodegradable plastics, to name only a few examples. Perhaps most importantly
forests are a global climate regulator and major carbon sink.
Yet as population and associated land development pressures increase—even pitting
agriculture against forests as more land is needed to feed increasing populations—solutions
aimed at conserving, preserving, and otherwise maximizing the GHG mitigation potential of
agriculture and forestry are a necessity. These solutions may be regulatory, with greater federal
or state guidance on agricultural and forest operations or sink preservation, or they may be
incentive-based. To combat climate change effectively, we will need to harness the power of
agriculture and forestry to feed the world, produce energy, and be a reservoir for GHGs emitted
from all other sectors of the economy.
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