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Summary

This Article, excerpted from Michael B. Gerrard
& John C. Dernbach, eds., Legal Pathways to Deep
Decarbonization in the United States (forthcoming
in 2018 from ELI), examines the agricultural strate-
gies, practices, and technologies available to increase
soil carbon sequestration and reduce greenhouse gas
emissions. It details pathways for amending exist-
ing federal and state legal regimes and enacting new
ones, and recommends improving public agricultural
research, development, and extension efforts; reform-
ing federal subsidy and conservation programs; and
revising trade policy, tax policy, regulatory strategies,
financing for carbon farming, grazing practices on
government land, and greenhouse gas pricing. It also
describes how the private and philanthropic sectors
can stimulate carbon farming; strategies for reducing
emissions that stem from farm inputs and that result
from food processing, distribution, consumption, and
waste; and the potential to encourage consumption of
climate-friendly foods through national dietary guide-
lines, procurement at all levels of government, and
private-sector initiatives such as certification schemes
and healthier menu options.
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I. Introduction

Agriculture is both a source and a sink for greenhouse
gases. Decisionmakers can take full advantage of agricul-
ture’s potential to slow climate change only by acknowl-
edging the sector’s dual role in decarbonizing the economy,
and seeking both to minimize agricultural greenhouse gas
emissions and to maximize carbon storage.

Two terms are commonly used to describe agricultural
methods that reduce net agricultural emissions. The first,
“climate-friendly,” refers to practices or strategies that
reduce greenhouse gas emissions or increase soil carbon
sequestration when compared to conventional methods.
While superior to standard practices, climate-friendly
practices are not necessarily optimal, both in terms of their
climate benefits or their overall benefit to society. In con-
trast, “carbon farming” describes a suite of climate-friendly
practices and strategies designed to result in optimal envi-
ronmental, societal, and climate outcomes.!

Decisionmakers should prioritize climate-friendly prac-
tices that reinforce carbon farming systems. Although
many Republican leaders, as well as rural voters, tend
to ignore or doubt climate science, the many benefits of
climate-friendly practices provide independent reasons for
their adoption. Although not the norm currently—and
not widely supported by agrochemical companies and
other traditional sources of information—-climate-friendly
practices almost always improve soil health and thus can
increase farm yield, enhance resilience to climate change,
and often increase profitability (especially over the longer
term). Thus, decisionmakers, regardless of their position on
climate change, should strongly support broader adoption
of these practices to assist farmers and ranchers and rural
communities, and to protect basic environmental needs
such as clean air and water.
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1. “Carbon farming” includes grazing and animal husbandry. Eric Toens-
MEIER, THE CARBON FARMING SoLUTION 6 (2016). “Regenerative agri-
culture” is another term for largely overlapping agricultural practices.
See generally RODALE INST., REGENERATIVE ORGANIC AGRICULTURE AND
CrimaTe CHANGE.
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This Article begins by examining the on-field strategies,
practices, and technologies available to increase soil carbon
sequestration and reduce agricultural emissions. It then
details public law pathways—amending existing federal
and state legal regimes and enacting new ones—for reduc-
ing net agricultural emissions. It recommends improving
public agricultural research, development, and extension
efforts; reforming federal subsidy and conservation pro-
grams; and revising trade policy, tax policy, regulatory
strategies, financing for carbon farming, grazing practices
on government land, and greenhouse gas pricing.

The Article also briefly describes non-public law
approaches, focusing on how the private and philan-
thropic sectors can stimulate carbon farming; strategies
for reducing upstream emissions—those that stem from
farm inputs—and downstream emissions—those that
result from food processing, distribution, consumption,
and waste; and, finally, the potential to encourage the
consumption of climate-friendly foods through national
dietary guidelines, procurement at all levels of government,
and private-sector initiatives such as certification schemes
and healthier menu options.

Il. Agriculture’s Role in
Deep Decarbonization

A.  Greenhouse Gas Emissions in the Food System

The food system encompasses the full life cycle of food.
In addition to agriculture, this includes activities that take
place off the farm—from the pre-planting conversion of
native grasslands and production of agricultural chemi-
cals to the post-harvest distribution, consumption, and
disposal of food.> The food system is responsible for an
estimated 19-29% of both national and global greenhouse
gas emissions.” Decisionmakers must approach the food
system as a whole to craft laws and policies that address the
system’s full complement of social, nutritional, and envi-
ronmental impacts.

Agriculture refers to the cultivation of crops and the rais-
ing of animals for the “4Fs™ food, feed, fuel, and fiber. It
accounts for 51% of the country’s total landmass and 61%
of the landmass of the contiguous 48 states, making it the
single largest type of land use in the United States.* Of the
country’s total 2.3 billion acres, approximately 408 million
acres are in use as cropland, 614 million acres as grassland
pasture and range, and 127 million acres as grazed forest-
land.” As a result of agriculture’s large footprint, relatively
small changes in agricultural practices, which may have a
modest impact per acre, can significantly affect this sector’s
contribution to climate change if they are widely imple-

2. Sonja Vermeulen et al., Climate Change and Food Systems, 37 ANN. Rev.
ENvV'T & RESOURCES 195, 198-202 (2012).

3. Id.at195.

4.  CynTHIA NICKERSON ET AL., ECON. RESEARCH SERv., U.S. DEPT. OF AG-
RIC., Major Usis oF LAND IN THE UNITED StaTES, 2007, at 4 (2011)
(EIB-89).

5. Id.
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mented. Small changes can also improve farmers’ and
ranchers’ ability to adapt to the changing climate.

A core concept of this Article is that carbon seques-
tration should be added to this list of the fundamental
aims of agriculture, as well as to the federal programs
and policies that support it. Achieving climate stability
is as critical a human need as the other functions of agri-
culture. By reducing greenhouse gas emissions while also
increasing soil carbon stores, agricultural operations can
make a substantial contribution to decarbonization in
the United States.

I.  Greenhouse Gas Emissions From Agriculture

The U.S. Environmental Protection Agency (EPA)
estimates that emissions from agriculture account for
approximately 9% of total U.S. greenhouse gas emissions
each year.® Unlike the energy and transportation sectors,
which emit primarily carbon dioxide as fossil fuels are
burned, crop and livestock greenhouse gas emissions con-
sist largely of nitrous oxide and methane. Nitrous oxide
is a particularly potent greenhouse gas—the average
radiative forcing of nitrous oxide is 265-298 times that
of carbon dioxide over 100 years.” Nitrous oxide emis-
sions will also be the primary cause of stratospheric ozone
destruction this century.® Like nitrous oxide, methane is
a powerful greenhouse gas; the average radiative forcing
of methane is about 28-34 times that of carbon dioxide
over 100 years.

In 2015, total agricultural emissions of nitrous oxide
and methane amounted to about 520 million metric tons
of carbon dioxide equivalent.” In other words, agriculture
released an amount of greenhouse gases roughly equiv-
alent to that produced by 111 million automobiles in a
typical year.!” Agriculture is responsible for about 80%
of U.S. nitrous oxide emissions and about 35% of U.S.
methane emissions, only slightly less than the methane
emissions of natural gas and petroleum extraction, pro-
cessing, and distribution."

The largest source of U.S. agricultural greenhouse gas
emissions is agricultural soil management—a series of
practices intended to improve crop yields, including fer-

6. U.S. EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks, https://
www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-
sinks (last visited Aug. 1, 2017).

7. INTERGOVERNMENTAL PANEL ON CriMaTE CHANGE (IPCC), CLIMATE
CHANGE 2013: THE PrysicaL SCIENCE Basis 714 (2014). Table 8-7 pres-
ents these and other “global warming potential” values.

8. Akkihebbal R. Ravishankara et al., Nitrous Oxide (N,0): The Dominant
Ozone-Depleting Substance Emitted in the 21st Century, 326 SCIENCE 123,
123-25 (2009).

9. U.S. EPA, InvenTORY OF U.S. GREENHOUSE GAs EMIssToNs AND SINKs:
1990-2015, at 5-1 (2017).

10.  Compare id. with U.S. EPA, GREENHOUSE Gas Emissions From a Typicar
PasSENGER VEHICLE (2014) (a typical passenger vehicle emits 4.7 metric
tons of carbon dioxide annually).

11. See U.S. EPA, Overview of Greenhouse Gases: Nitrous Oxide Emissions,
hetps://www.epa.gov/ghgemissions/overview-greenhouse-gases#nitrous-
oxide (last visited Aug. 1, 2017); U.S. EPA, Overview of Greenhouse Gases:
Methane  Emissions,  https:/[www.epa.gov/ghgemissions/overview-green-
house-gases#methane (last visited Aug. 1, 2017).


http://www.annualreviews.org/doi/abs/10.1146/annurev-environ-020411-130608
https://www.ers.usda.gov/webdocs/publications/eib89/11159_eib89_2_.pdf
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
http://science.sciencemag.org/content/326/5949/123
http://science.sciencemag.org/content/326/5949/123
https://www.epa.gov/sites/production/files/2017-02/documents/2017_chapter_5_agriculture.pdf
https://www.epa.gov/sites/production/files/2017-02/documents/2017_chapter_5_agriculture.pdf
https://www.epa.gov/sites/production/files/2016-02/documents/420f14040a.pdf
https://www.epa.gov/sites/production/files/2016-02/documents/420f14040a.pdf
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tilization, tillage, drainage, irrigation,
and fallowing of land."” Soil manage-
ment generates 48% of all U.S. agri-
cultural emissions and 93% of all U.S.
nitrous oxide emissions.” Seventy-four
percent of nitrous oxide emissions
from agricultural soil management
come from cropland and 26% come
from grazed grasslands."

The next largest source of agricul-
tural emissions is enteric fermenta-
tion, which results from the digestive
process of ruminants (largely cows and
sheep in the United States). Enteric
fermentation creates methane, which
animals subsequently release into the
atmosphere through belching and
exhalation.” Enteric fermentation is
responsible for 32% of all agricultural
emissions and 25% of methane emis-
sions in the United States.'®

Manure management activities are
the third major category of U.S. agri-
cultural emissions, releasing nitrous oxide and methane in
quantities that total 16% of total U.S. agricultural emis-
sions.” Intensive livestock facilities, colloquially known
as factory farms and called concentrated animal feeding
operations (CAFOs) by federal law, generate the substan-
tial majority of these emissions.

Methane emissions released from soils flooded for rice
cultivation and the field burning of crop residues make up
an additional 2% of total U.S. greenhouse gas emissions
from agriculture.”® In 2015, EPA included carbon dioxide
emissions from urea fertilization and liming in its estimate
of agricultural emissions for the first time.” Together,
these two sources are responsible for less than 2% of agri-
cultural emissions.*

The vast majority of agricultural emissions are related to
animal production. This is due, in part, to the large amount
of land used to grow animal feed: approximately one-half
of all harvested cropland is devoted to feed crop produc-
tion.” This cropland is often cultivated more intensely

12. EPA, supra note 9, at 5-21, 5-22.

13. Seeid. at 5-2.

14. See id. at 5-24 tbl. 5-15.

15. Andy Thorpe, Enteric Fermentation and Ruminant Eructation: The Role (and
Control?) of Methane in the Climate Change Debate, 93 CLimMaTE CHANGE
407, 411 (2009).

16. See EPA, supra note 9, at ES-15, 5-2.

17. See id. at 5-2 tbl. 5-1.

18. See id.

19. See id.

20. Sec id.

21. 'There were approximately 310 million acres of harvested cropland in 2007
according to the Census of Agriculture. NaT'L AGRIc. StaTIsTICS SERV., U.S.
Der’r oF AGRIC., 2007 CENsUS OF AGRICULTURE: U.S. NATIONAL LEVEL DATA
16 tbl. 8 (2009). The U.S. Department of Agriculture (USDA) estimates that
approximately 165 million of those acres were devoted to feed crops; however,
up to 10% of the feed was diverted to biofuels. NICKERSON ET AL., supra
note 4, at 20. This total does not include soybeans, which USDA considers a
“food crop,” despite the fact that soybean meal is typically used as animal feed.
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than cropland growing human food, with the result that
feed crop production can emit more nitrous oxide per acre
than the production of crops for human consumption.?
Moreover, feed crop cultivation produces more calories
per acre than human food crops, with the result that non-
human animals eat two-thirds of the calories derived from
crops grown in the United States. However, only a fraction
of those crop calories are delivered to humans because, for
example, the production of one pound of beef from feedlot
cattle requires 15-20 pounds of grain.”

Thus, despite the greater use of resources devoted to ani-
mal production,? humans receive only 30% of their calories
from animal products.” Because grazing and feed crop pro-
duction contribute almost two-thirds of nitrous oxide emis-
sions from agricultural soils,”® and because animals are the

TaN1 LEE ET AL., ECON. REsEarRcH SERv., USDA, MAjOR FACTORS AFFECTING
GLOBAL SOYBEAN AND ProDUCTS TRADE PrOJECTIONS (2016).

22. Conventionally grown feed crops, such as corn, soybean, and hay, generally
result in high nitrous oxide emissions. See EPA, supra note 9, at 5-23.

23. 'The feed conversion ratio expresses the number of pounds of grain neces-
sary to increase the “live weight” of a head of cattle by one pound. At in-
dustrial feedlots, a feed conversion ratio of 6:1 is common. Dan W. SHIKE,
Beer Cartie FeeD EFFicieNcy 3 (2013). Thirty to forty percent of the live
weight of a head of cattle is sold as beef, which means that 15-20 pounds
of grain is necessary to yield one pound of beef. See RoB HOLLAND ET AL.,
Unrv. oF Tenn. INsT. oF Agric., How Muca MEeat 1o ExpECT FROM A
Beer Carcass 9 (PB-1822).

24. See Emily Cassidy et al., Redefining Agricultural Yields: From Tonnes to People
Nourished Per Hectare, 8 ENvTL. Res. LETTERS 1, 4 (2013). This figure is
based on data from 1997-2003. Biofuel production has increased rapidly
since then, likely resulting in a lower proportion of crops devoted to either
feed or food.

25. USDA Econ. Research Serv., Seventy Percent of U.S. Calories Consumed in
2010 Were From Plant-Based Foods, https://www.ers.usda.gov/data-products/
chart-gallery/gallery/chart-detail/2chartld=81864 (last updated Jan. 6, 2017).

26. 'This includes grassland emissions, which account for 65.6 million metric tons
of carbon dioxide equivalent (MMT CO, eq.), as well as 48% of cropland
emissions—the approximate percentage of harvested cropland devoted to feed

crop production in 2007—which adds an additional 89 MMT CO, eq. Com-


https://www.agcensus.usda.gov/Publications/2007/Full_Report/Volume_1,_Chapter_1_US/st99_1_008_008.pdf
https://www.ers.usda.gov/amber-waves/2016/may/major-factors-affecting-global-soybean-and-products-trade-projections/
https://www.ers.usda.gov/amber-waves/2016/may/major-factors-affecting-global-soybean-and-products-trade-projections/
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=1027&context=driftlessconference
https://extension.tennessee.edu/publications/Documents/PB1822.pdf
https://extension.tennessee.edu/publications/Documents/PB1822.pdf
http://iopscience.iop.org/article/10.1088/1748-9326/8/3/034015/pdf
http://iopscience.iop.org/article/10.1088/1748-9326/8/3/034015/pdf

Copyright © 2017 Environmental Law Institute®, Washington, DC. Reprinted with permission from ELR®, http://www.eli.org, 1-800-433-5120.

47 ELR 10848

major source of agricultural methane emissions, meat and
dairy production account for almost 80% of agriculture’s
greenhouse gas emissions in the United States.”

2. Soil Carbon Sequestration by Agriculture

Agricultural activities not only emit greenhouse gases but
can change the amount of carbon stored in soils, thus effec-
tively releasing or absorbing carbon dioxide. Scientific stud-
ies have identified a number of agricultural practices that
could help to slow climate change by capturing carbon. For
example, in 2016, researchers concluded that the expansion
of existing U.S. Department of Agriculture (USDA) conser-
vation practices could lead to the sequestration of 277 mil-
lion metric tons of carbon dioxide equivalent annually by
2050.%® Capturing this volume of carbon in the soil would
cut net agricultural greenhouse gas emissions in half.

Similarly, agroforestry (incorporating trees and shrubs
into cropland and pastureland) and perennial agricul-
ture (plants that live year-round and do not need annual
replanting, thus disturbing the soil less) offer significant
climate benefits by locking carbon in the perennial bio-
mass of the plant roots and shoots and stimulating a more
biodiverse ecosystem that stores more carbon. According
to a 2012 study, the widespread adoption of agroforestry
practices in the United States could sequester 530 million
metric tons of carbon dioxide equivalent each year, thereby
transforming agriculture into a carbon sink.”

Like cropland, rangeland used for livestock grazing can
also sequester carbon. Overgrazing has damaged vegeta-
tion and degraded soil quality across the western United
States, resulting in the release of carbon that would other-
wise remain locked in organic matter.”® However, reducing
the intensity of use and adjusting the timing of grazing
to facilitate plant growth can repair these landscapes® and
restore their function as carbon sinks.*

pare EPA, supra note 9, at 5-2 tbl. 5-1 (showing annual emissions from agricul-
ture by source), with supra note 21 (explaining how the percentage of harvested
cropland devoted to feed crop production was calculated). Together, they are
responsible for 154.6 MMT CO, eq. annually, or 62% of all emissions from
agricultural soils. This total does not include the approximately 16.5 million
acres devoted to the production of biofuel feedstock. See supra note 21.

27. 'This includes emissions from enteric fermentation and manure management
and nitrous oxide emissions from agricultural soils devoted to feed crop pro-
duction or grazing. Together, they are responsible for 405.1 MMT CO, eq.
annually, or 78% of agricultural emissions. Compare EPA, supra note 9, at
5-2 tbl. 5-1 (showing annual emissions from agriculture by source), with
supra note 26 (calculating emissions from agricultural soils devoted to feed
crop production or grazing).

28. Adam Chambers et al., Soil Carbon Sequestration Potential of U.S. Croplands
and Grasslands: Implementing the 4 Per Thousand Initiative, 71 J. SoiL &
WarER CONSERVATION G8A, 70A (2016).

29. Ranjith P Udawatta & Shibu Jose, Agroforestry Strategies to Sequester Carbon
in Temperate North America, 86 AGROFORESTRY Sys. 225, 239 (2012).

30. See John Carter et al., Moderating Livestock Grazing Effects on Plant Produc-
tivity, Nitrogen, and Carbon Storage, 17 NaT. RESOURCES & ENVTL. IsSUES
191, 191-92 (2011).

31. Sherman Swanson et al., Practical Grazing Management to Maintain or Re-
store Riparian Functions and Values on Rangelands, 2 J. RANGELAND APpLICA-
TIONS 1, 10-14 (2015).

32. Davip Lewis ET AL., UN1v. oF CaL. Coopr. ExTENsION, CREEK CARBON:
MiT1GATING GREENHOUSE GAs EMIssioNs THROUGH RIPARIAN REVEGETA-
TION 22 (2015).
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As these examples demonstrate, methods to mitigate
agriculture’s net contribution to climate change already
exist. However, policies must recognize that biological
sequestration is reversible and limited. Climatic events,
such as droughts or wildfires, or human actions, such as
resumed tillage, increased grazing, or deforestation, can
quickly destroy biomass and disrupt soils, thereby releasing
stored carbon.” In addition, gains in soil carbon slow as soils
approach a new equilibrium under improved management
practices.** (Additional research is needed to clarify how
quickly this occurs, but location, prior soil quality, and land
management practices all appear to be important factors.”)

While sequestration alone cannot offset ever-increasing
greenhouse gas emissions, it remains a necessary strategy
for avoiding catastrophic climate change. Current levels of
atmospheric carbon are so dangerously high that we can-
not choose between reducing emissions and sequestering
carbon.** We must do both.

B.  Agricultural Practices for Reducing
Greenhouse Gas Emissions

To implement sound policy and pursue effective legal strat-
egies, decisionmakers and advocates must become famil-
iar with the climate-friendly agricultural practices that,
together, comprise carbon farming. Accordingly, this sec-
tion briefly reviews the tools and technology available to
reduce agricultural greenhouse gas emissions and sequester
carbon on cropland, grazing lands, and at animal feeding
operations (AFOs).

. Cropland

Responsible management of croplands should aim to reduce
greenhouse gas emissions while simultaneously increasing
carbon sequestration. The main sources of greenhouse gas
emissions from cropland are synthetic and organic fertil-
izers, which release nitrous oxide, and soils, which release
carbon dioxide.”” The Article first describes farming meth-
ods to reduce nitrous oxide emissions and three methods
to reduce net carbon dioxide emissions by increasing the
organic matter content of soil—reducing tillage, increasing
carbon inputs from crops, and adding soil amendments,
respectively. Such healthier soils can also require less fertil-
izer, decreasing nitrous oxide emissions.

33. Uta Stockmann et al., 7he Knowns, Known Unknown, and Unknowns of Se-
questration of Soil Organic Carbon, 146 AGRric., EcosysTems & ENv'T 80, 82
(2012).

34. Catherine Stewart et al., Soil Carbon Saturation: Concept, Evidence, and
Evaluation, 86 BIoGEOCHEMISTRY 19, 25-28 (2007); Stockmann et al., su-
pra note 33, at 94-95.

35. Stockmann et al., supra note 33, at 82.

36. See Marcia DeLonge, Soil Carbon Cant Fix Climate Change by Itself—But It
Needs to Be Part of the Solution, UN1ON CONCERNED SCIENTISTS, Sept. 26,
2016, htep://blog.ucsusa.org/marcia-delonge/soil-carbon-cant-fix-climate-
change-by-itself-but-it-needs-to-be-part-of-the-solution.

37. See AMy SwaN ET AL., COMET-PLANNER: CARBON AND GREENHOUSE GAS
EvaLuation rFoR NRCS CONSERVATION PRACTICE PLANNING 3, http://
comet-planner.nrel.colostate.edu/COMET-Planner_Report_Final.pdf.


http://www.jswconline.org/content/71/3/68A.short
http://www.jswconline.org/content/71/3/68A.short
https://link.springer.com/article/10.1007/s10457-012-9561-1
https://link.springer.com/article/10.1007/s10457-012-9561-1
http://digitalcommons.usu.edu/nrei/vol17/iss1/23/
http://digitalcommons.usu.edu/nrei/vol17/iss1/23/
https://naes.agnt.unr.edu/PMS/Pubs/61_2015_18.pdf
https://naes.agnt.unr.edu/PMS/Pubs/61_2015_18.pdf
http://ucanr.edu/sites/Grown_in_Marin/files/224684.pdf
http://ucanr.edu/sites/Grown_in_Marin/files/224684.pdf
http://ucanr.edu/sites/Grown_in_Marin/files/224684.pdf
http://www.css.cornell.edu/faculty/lehmann/pictures/publ/AgricEcosysEnviron%20164,%2080%E2%80%93%2099,%202013%20Stockmann.pdf
http://www.css.cornell.edu/faculty/lehmann/pictures/publ/AgricEcosysEnviron%20164,%2080%E2%80%93%2099,%202013%20Stockmann.pdf
https://www.researchgate.net/profile/J_Six/publication/225645193_Soil_carbon_saturation_Concept_evidence_and_evaluation/links/0fcfd5017e40102173000000/Soil-carbon-saturation-Concept-evidence-and-evaluation.pdf
https://www.researchgate.net/profile/J_Six/publication/225645193_Soil_carbon_saturation_Concept_evidence_and_evaluation/links/0fcfd5017e40102173000000/Soil-carbon-saturation-Concept-evidence-and-evaluation.pdf
http://blog.ucsusa.org/marcia-delonge/soil-carbon-cant-fix-climate-change-by-itself-but-it-needs-to-be-part-of-the-solution
http://blog.ucsusa.org/marcia-delonge/soil-carbon-cant-fix-climate-change-by-itself-but-it-needs-to-be-part-of-the-solution
http://comet-planner.nrel.colostate.edu/COMET-Planner_Report_Final.pdf
http://comet-planner.nrel.colostate.edu/COMET-Planner_Report_Final.pdf
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The Article next describes three agricultural practices
that offer a range of climate benefits—organic farming,
agroforestry, and perennial agriculture, respectively. It fur-
ther explains the importance of prioritizing the production
of crops that provide people with healthy food, instead of
those that primarily become processed food, animal feed,
and biofuels, and thus have a much greater climate impact.
Finally, it examines practices rice producers can adopt to
reduce methane emissions.

Q  Improve management practices for synthetic fertilizers.
Because plants utilize nitrogen from the soil and crops carry
it away from the field after harvest, fields must eventually
be replenished. This is typically accomplished through the
application of synthetic or organic nitrogen fertilizer. How-
ever, farmers routinely apply fertilizer at higher rates than
crops require for a variety of reasons—as a form of insur-
ance or risk avoidance, hope for a great year, over-focus on
yield over return, habit, and misinformation.”® On average,
only 50% of the nitrogen applied as fertilizer to annual
grains is removed at harvest.”

Similarly, a 2011 study found that farmers applied at
least 40% more nitrogen than the prior harvest removed
on nearly one-third of acres planted with key commodity
crops.“® Because excess fertilizer is now routinely applied,
farmers can apply fertilizer less frequently—and, when
necessary, apply less fertilizer per acre—without reducing
yield. When they do this, they will also reduce the amount
by which the supply of nitrogen in the soil exceeds the
demand for nitrogen by crops, thus limiting the availability
of excess nitrogen that is lost to the environment, including
as nitrous oxide.”!

In general, best practices for fertilization include reduc-
ing the rate of application so that nitrogen supply is closer
to the level demanded by crops, improving the timing
of application so that nitrogen is available when crops
can best utilize it, and varying the placement of nitrogen
within fields to account for spatial variability in utilization
by crops. These practices are routinely grouped by fertilizer
companies, industrial farmers, and many extension pro-
grams as the “4Rs™ apply the right fertilizer product, at the
right rate, using the right method, and at the right time.*?

Even if the rate of fertilizer application matches crop
needs, improper timing and placement can increase green-
house gas emissions. One of the most important practices
would be to apply fertilizer no earlier than the planting

38. Farmers often apply excess fertilizer “in the hopes that ‘this year will be the
one in ten’ when extra N will pay off.” G. Philip Robertson & Peter M.
Vitousek, Nitrogen in Agriculture: Balancing the Cost of an Essential Resource,
34 ANN. Rev. ENV'T & RESOURCES 97, 117 (2009).

39. G. Philip Robertson, Nitrogen Use Efficiency in Row-Crop Agriculture: Crop
Nitrogen Use and Soil Nitrogen Loss, in ECoLOGY IN AGRICULTURE 351 (Lou-
ise E. Jackson ed., Academic Press 1997).

40. Marc RiBAUDO ET AL., ECON. REsEaRCH SERv., USDA, NITROGEN IN AG-
RICULTURAL SYSTEMS: IMPLICATIONS FOR CONSERVATION Poricy 11 (2011)
(ERR-127).

41. Robertson & Vitousek, supra note 38, at 104.

42. SeeTerry L. Roberts, Right Product, Right Rate, Right Time, and Right Place
. .. the Foundation of Best Management Practices for Fertilizer, in FERTILIZER
BesT MANAGEMENT PRACTICES 29-32 (2007).
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season.®> Nonetheless, due to ease of application, soil and
water conditions, the lower cost of fertilizer in the fall,
availability of machinery, and other reasons, farmers now
fertilize a significant portion of the nation’s cropland each
fall, even though those fertilized fields will not be seeded
until the following spring.** Fertilizer left unutilized in the
soil over winter is vulnerable to environmental loss, includ-
ing as nitrous oxide.”

Some experts argue that farmers can increase efficiency
by practicing “split application”—that is, applying small
amounts of fertilizer early in the planting season and,
again, when nitrogen demand is highest, typically after
plants emerge from the ground.* Studies have found that
split application may reduce emissions by a significant
amount.” Slow-release fertilizer formulations can also
improve efficiency.*®

Nitrogen availability can vary within fields, as factors
like prior yields (and thus nitrogen removal at harvest)
affect its distribution. Precision agriculture allows farmers
to optimize placement via global positioning system (GPS)
and other forms of technology that use spatial and temporal
data about fields.”” Precise harvesting machines can track
the yield in each small section of each row; improved satel-
lite imagery can accurately estimate plant nitrogen and soil
moisture levels in each area; and soil and plant samples can
determine soil type and needs and plant needs. These data
then inform how and when fields are fertilized, as well as
irrigated, sprayed with pesticides, and harvested, leading to
productivity gains and reduced pollution. Unfortunately,
because precision agriculture requires a significant invest-
ment in technology, this management system is likely—
at least for now—prohibitively expensive for most farms
smaller than 500 acres.”

Farmers can also improve nitrogen placement by apply-
ing fertilizer in irrigation water via subsurface drip irriga-
tion (SDI) systems, which deliver nitrogen more precisely
and in proximity to plant roots, increasing plant uptake
and limiting excess nitrogen in the soil”! SDI is also less
likely to fill soil pore space with water, avoiding the anaero-
bic conditions that are especially conducive to the genera-
tion of nitrous oxide.”

43. RIBAUDO ET AL., supra note 40, at 6.

44. According to a USDA study, farmers applied fertilizer unnecessarily early on
nearly one-quarter of acres planted with key commodity crops. RiBaubo et
AL., supra note 40.

45. Id.at75.

46. Bijesh Maharjan et al., Ferilizer and Irrigation Management Effects on Ni-
trous Oxide Emissions and Nitrate Leaching, 106 AGRoNoMY ]. 703, 712
(2014).

47. David L. Burton et al., Effect of Split Application of Fertilizer Nitrogen on
N,O Emissions From Potatoes, 88 CanaDIaN ]. Sorw. Scr. 229, 233 tbl. 3
(2008).

48. Maharjan et al., supra note 46, at 711.

49. Rattan Lal, Preface to SoiL-Speciric FARMING: PRECISION AGRICULTURE vii
(Rattan Lal & B.A. Stewart eds., CRC Press 2015).

50. MicHAEL McLeop ET AL, COST-EFFECTIVENESS OF GREENHOUSE GAS
MITIGATION MEASURES FOR AGRICULTURE: A LITERATURE REVIEW 26
(OECD Food, Agric. & Fisheries Papers No. 89, 2015).

51. Diego Abalos et al., Management of Irrigation Frequency and Nitrogen Fer-
tilization Mitigate GHG and NO Emissions From Drip-Fertigated Crops, 490
Scr. ToraL Exv't 880, 880 (2014).

52. Id.


http://www.annualreviews.org/doi/pdf/10.1146/annurev.environ.032108.105046
http://lter.kbs.msu.edu/docs/robertson/robertson+1997+n+use+eco+in+agric.pdf
http://lter.kbs.msu.edu/docs/robertson/robertson+1997+n+use+eco+in+agric.pdf
https://www.ers.usda.gov/publications/pub-details/?pubid=44919
https://www.ers.usda.gov/publications/pub-details/?pubid=44919
https://www.ipni.net/ipniweb/portal/4r.nsf/0/A48058320B3F0BF785257DF100726184/$FILE/Roberts_2007_4Rs.pdf
https://www.ipni.net/ipniweb/portal/4r.nsf/0/A48058320B3F0BF785257DF100726184/$FILE/Roberts_2007_4Rs.pdf
https://dl.sciencesocieties.org/publications/aj/abstracts/106/2/703?access=0&view=pdf
https://dl.sciencesocieties.org/publications/aj/abstracts/106/2/703?access=0&view=pdf
http://www.oecd-ilibrary.org/docserver/download/5jrvvkq900vj-en.pdf?expires=1492118135&id=id&accname=guest&checksum=D36D6D89CB9DB973660B42CCD5083D2F
http://www.oecd-ilibrary.org/docserver/download/5jrvvkq900vj-en.pdf?expires=1492118135&id=id&accname=guest&checksum=D36D6D89CB9DB973660B42CCD5083D2F
https://www.ncbi.nlm.nih.gov/pubmed/24908647
https://www.ncbi.nlm.nih.gov/pubmed/24908647
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Some studies have suggested that nitrification inhibi-
tors, chemicals that delay the conversion of ammonium
to nitrate, may reduce nitrous oxide emissions by allow-
ing plants to absorb a larger share of nitrogen.”> However,
reductions may be modest compared to split application.>*
Moreover, nitrification inhibitors are antimicrobial pes-
ticides that kill or inhibit the soil microbes involved in
nitrification. The broader impact of these inhibitors on soil
microbial communities, and ultimately soil health and fer-
tility, requires further study.” Growers can also reduce net
emissions by replacing synthetic nutrients with manure or
other organic soil amendments, discussed further below.

Q  Reduce or eliminate tillage. To prepare for planting,
farmers routinely till their land by plowing or otherwise
breaking up the soil and eliminating unwanted material.
This process accelerates the breakdown of organic matter
in the soil, increasing emissions of carbon dioxide. Thus,
farmers and others are examining ways to prepare soil
for planting with no, or reduced, tillage. No-till agricul-
ture, which completely eliminates tillage, uses herbicides
or other methods to control weeds instead of tillage, and
leaves the soil physically undisturbed, protecting organic
matter from soil microbes that could otherwise accelerate
the carbon cycle by returning soil carbon to the atmo-
sphere as carbon dioxide.”® Reduced tillage practices that
integrate some amount of plant residue into soils may also
reduce nitrous oxide emissions and further increase car-
bon sequestration.”’

In 2012, farmers reported practicing no-till on 96
million acres and reduced tillage on another 77 million
acres.”® In contrast, conventional tillage was practiced on
106 million acres—only 38% of the 279 million acres
suitable for tilling according to the 2012 Census of Agri-
culture.”® While no-till’s impact on crop yields varies
according to a number of factors, including soil condi-
tions, management techniques, weather, and crop type,
a 2016 meta-analysis found that no-till generally results
in similar yields to conventional tillage after a transition
period of five or more years.® Even with yield reductions
during the transition phase, however, no-till may remain

53. Maharjan et al., supra note 46, at 712.

54. Id.

55.  Nitrosomonas bacteria are primarily responsible for the conversion of am-
monium to nitrite, which is subsequently converted to nitrate. Darrell W.
Nelson & Don Huber, Nitrification Inhibitors for Corn Production, lowa St.
U. EXTENSION, at 1 (1992) (NCH-55). While Nitrosomonas are the targets
of nitrification inhibitors, the impact of nitrification inhibitors on other soil
microorganisms needs to be characterized as well.

56. For an overview of this process, see DANIEL KANE, CARBON SEQUESTRATION
POTENTIAL ON AGRICULTURAL LANDS: A REVIEW OF CURRENT SCIENCE AND
AvAILABLE PRACTICES 5-11 (2015).

57. Cheryl Palm et al., Conservation Agriculture and Ecosystem Services: An Over-
view, 187 AGRric., EcosysTems & Env't 87, 90 (2014).

58. Nar’L Acric. Startistics SERv., USDA, 2012 CENSUS OF AGRICULTURE,
HigHLiGHTS: CONSERVATION 1.

59. Id.

60. Unlike other crops, however, corn yields on no-till farms typically do not
improve over time, resulting in lower yields than corn produced with con-
ventional tillage. Cameron M. Pittelkow et al., When Does No-Till Work? A
Global Meta-Analysis, 183 FieLp Crops Res. 156, 159 (2015).
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more profitable for farmers than conventional tillage due
to its potential to reduce expenditures on labor, fuel, and,
in some cases, fertilizer.®"

Conservation tillage, which includes no-till farming
and some methods of reduced tillage, is among the most
widely studied agricultural practices with respect to cli-
mate change. The evidence suggests that no-till agriculture
can increase soil carbon stocks in many regions, although
its effect varies considerably by soil type and location.®
A 2013 meta-analysis also found that no-till significantly
decreases nitrous oxide emissions after five years, especially
in dry climates.®

Researchers have expressed concerns about the fact that
no-till farming as practiced by commercial farmers often
differs considerably from how it is implemented on research
fields.®* The available data suggest that many farmers who
consider their methods “no-till” actually till their fields
periodically.®® This has important consequences, because
even a single tillage event can lead to the loss of carbon
built up through years of no-tillage.®® One expert estimates
that less than one-third of no-till farms in the United States
are truly no-till, and that the number of these continuous
no-till farms is likely decreasing.’

Organic no-till systems are also being investigated and
could offer significantly higher levels of carbon seques-
tration.®® Short-term studies of organic no-till systems
indicate that they likely sequester more carbon than con-
ventional no-till farming.*’

Q  Increase carbon inputs from plants through cover crops
and crop rotations. Farmers can also foster soil carbon by
increasing carbon inputs from plants. Cover crops are
plants grown to enhance soil conditions rather than to
produce an agricultural product. They are generally grown
during the late fall and winter when common commod-
ity crops such as corn, wheat, and soy are not in season.
In addition to increasing soil organic carbon by increasing

61. Claire O’Connor, Farmers Reap Benefits as No-Till Adoption Rises, Nar.
Resources Der. Councit, Nov. 15, 2013, heeps://www.nrdc.org/experts/
claire-oconnor/farmers-reap-benefits-no-till-adoption-rises.

62. Keith Paustian, Carbon Sequestration in Agricultural Systems, in ENCYCLOPE-
DIA OF AGRICULTURE AND Foob Systems 140, 146 (Neal K. Van Alfen ed.,
Academic Press 2014).

63. Chris van Kessel, Climate, Duration, and N Placement Determine N,O Emis-
sions in Reduced Tillage Systems: A Meta Analysis, 19 GLoBAL CHANGE BroL-
0GY 33, 33 (2013).

64. Bram Govaerts et al., Conservation Agriculture and Soil Carbon Sequestration:
Between Myth and Farmer Reality, 28 CriticaL Rev. Prant Scr. 97, 111
(2009).

65. An extensive survey conducted from 1994-1999 found that no-till farms in
Illinois and Indiana tilled their fields every 2.5 years on average, while no-
till farms in Minnesota were tilled every 1.4 years on average. Peter R. Hill,
Use of Continuous No-Till and Rotational Tillage Systems in the Central and
Northern Corn Belt, 56 J. So1L & WATER CONSERVATION 286, 289 (2001).

66. Richard Conant et al., Impacts of Periodic Tillage on Soil C Stocks: A Synthesis,
95 SorL & TiLLaGe REs. 1, 4 (2007).

67. Brad Reagan, Plowing Through the Confusing Data on No-Till Farming,
WALL St. ., Oct. 15, 2012, https://www.wsj.com/articles/SB10000872396
390443855804577602931348705646.

68. Rodale Inst., Our Work: Organic No-Till Overview, http://rodaleinstitute.
org/our-work/organic-no-till/ (last visited Aug. 1, 2017).

69. Patrick Carr et al., Impacts of Organic Zero Tillage Systems on Crops, Weeds,
and Soil Quality, 5 SUuSTAINABILITY 3172, 3184 (2013).
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http://sustainableagriculture.net/wp-content/uploads/2015/12/Soil_C_review_Kane_Dec_4-final-v4.pdf
http://sustainableagriculture.net/wp-content/uploads/2015/12/Soil_C_review_Kane_Dec_4-final-v4.pdf
http://sustainableagriculture.net/wp-content/uploads/2015/12/Soil_C_review_Kane_Dec_4-final-v4.pdf
https://www.agcensus.usda.gov/Publications/2012/Online_Resources/Highlights/Conservation/Highlights_Conservation.pdf
http://agris.fao.org/agris-search/search.do?recordID=US201301637503
http://agris.fao.org/agris-search/search.do?recordID=US201301637503
http://www.sciencedirect.com/science/article/pii/S0167198707000050
https://www.wsj.com/articles/SB10000872396390443855804577602931348705646
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http://pakacademicsearch.com/pdf-files/agr/740/3172-3201%20Volume%205,%20Issue%207%20(July%202013).pdf
http://pakacademicsearch.com/pdf-files/agr/740/3172-3201%20Volume%205,%20Issue%207%20(July%202013).pdf
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carbon inputs, cover crops have also been shown to sig-
nificantly reduce nitrate loss, thereby indirectly reducing
nitrous oxide emissions.”” Cover cropping with legumes
also increases biological nitrogen fixation, reducing the
need for nitrogen fertilizers.”

Conservation crop rotations refer to planting systems
designed to decrease the frequency at which fields are left
uncultivated (fallow) and to rotate between a diverse set of
crops, thereby increasing carbon inputs.”> Crop rotations
that include perennial plants, such as alfalfa or grass hay,
can be especially effective at sequestering carbon.”” While
most crops are rotated on a seasonal basis, producers with
perennial crops in their rotation may not return to annual
crops for one to three years.”*

Although neither of these methods offers large climate
benefits when practiced in isolation, they both have the
potential to play an important role in reducing net agri-
cultural emissions when integrated into climate-friendly
systems. Diversified crop rotations, for example, are even
more effective at increasing soil carbon when combined
with cover cropping,” although likely sequestration rates
have not been established.”® Cover cropping has also been
shown to sequester carbon more quickly when used in con-
junction with no-till agriculture, and it likely has a syner-
gistic effect with other environmentally friendly practices
as well.””

Q  Add soil amendments. Soil application of amendments
such as manure or other organic fertilizers can lower emis-
sions by decreasing manure waste, reducing emissions from
the production of synthetic fertilizers,”® and increasing soil
carbon stocks.” While livestock manure remains the dom-
inant source of organic fertilizer for agriculture, the United
States has large amounts of compostable solid waste and
solid residues from sewage treatment plants, called biosol-

70. Andrea Basche et al., Do Cover Crops Increase or Decrease Nitrous Oxide
Emissions? A Meta-Analysis, 69 J. So1L & WATER CONSERVATION 471, 479-
80 (2014).

71. See Seth M. Dabney et al., Using Winter Cover Crops to Improve Soil and
Water Quality, 32 Comm. SoIL Scr. & PLANT ANarysts 1221, 1224, 1228
(2001).

72. Increasing crop diversity influences soil carbon and nitrogen concentra-
tions, microbial communities, and soil ecosystem functions, often resulting
in higher soil carbon levels. Marshall D. McDaniel et al., Does Agricultural
Crop Diversity Enbance Soil Microbial Biomass and Organic Matter Dynam-
ics? A Meta-Analysis, 24 ECOLOGICAL APPLICATIONS 560, 560 (2014).

73. AvrisoN J. EAGLE ET AL., NicHOLAS INST. FOR ENvTL. PoLiCY SOLUTIONS,
Duke Univ., GREENHOUSE GAS MITIGATION POTENTIAL OF AGRICULTURAL
LAND MANAGEMENT IN THE UNITED STATES: A SYNTHESIS OF THE LITERA-
TURE 15 (2012). Perennial grasses grown for livestock may not be appropri-
ate for water-scarce regions.

74. Id.

75. See McDaniel et al., supra note 72, at 560.

76. Telephone Interview with Amy Swan, Research Associate, Colorado State
University, and Mark Easter, Senior Research Associate, Colorado State
University (May 20, 2016).

77. See Humberto Blanco-Canqui, Cover Crops and Ecosystem Services: Insights
From Studies in Temperate Soils, 107 AGroNOMY J. 2449, 2450 (2015).

78. See infra Section V.A.1., for a discussion of upstream emissions from syn-
thetic fertilizers.

79. See, e.g., Maysoon M. Mikha & Charles W. Rice, 7illage and Manure
Effects on Soil and Aggregate-Associated Carbon and Nitrogen, 68 SoIL ScI.
Soc’y Am. J. 809, 809, 815 (2004) (discussing manure’s impact on soil
carbon content).
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ids, which also can be, and now often already are, used as
soil amendments.®

Additionally, a type of charcoal called biochar may be
able to store even more carbon than traditional organic
amendments.! Biochar is produced by pyrolysis—the
thermal decomposition of organic material at high tem-
peratures in the absence of oxygen. This process results in
a carbon-rich char that is more stable than uncharred plant
material, although local environmental conditions, such as
climate and soil type, play an important role in determin-
ing how long it persists in soils.®* Biochar primarily reduces
emissions by stabilizing and adding to carbon stores in the
soil®; however, it may also reduce nitrous oxide emissions
and fertilizer requirements.®

Q  Employ organic farming and other more climate-friendly
Jfarming systems. There are several agricultural systems,
including organic agriculture, permaculture, agroecology,
and regenerative agriculture, that are built upon the fun-
damental premise that soil health and natural ecological
systems, such as the nutrient cycle between livestock and
crops, are paramount to long-term productivity. This sub-
section focuses on organic agriculture, since it is well-stud-
ied and there are already USDA national organic standards
in place,* making it easier to classify. However, certi-
fied organic operations are not necessarily more climate-
friendly than noncertified operations implementing these
other models; all can have significant climate benefits.
Organic farming generally seeks to enhance production
by supporting natural soil fertility and biological activ-
ity and prohibits the use of synthetic pesticides or fertil-
izers.®® USDA, which sets standards for organic products
in the United States, defines it as a form of agriculture
that uses methods designed to “support the cycling of on-
farm resources, promote ecological balance, and conserve
biodiversity.”® It encourages many of the practices men-
tioned here, such as cover cropping, crop rotation, and
the incorporation of diverse elements on cropland includ-
ing forestry and livestock. Its primary climate benefits are

80. One-half of all biosolids produced in the United States are applied to agri-
cultural land, although this accounts for the nutrient needs of less than 1%
of the country’s farmland. U.S. EPA, Frequent Questions About Biosolids,
hteps://www.epa.gov/biosolids/frequent-questions-about-biosolids (last up-
dated June 14, 2017).

81. Emissions from the production of biochar must be taken into account,
however. Certain production methods negate some or all of its sequestra-
tion benefits. Dominic Woolf et al., Sustainable Biochar to Mitigate Global
Climate Change, NaTURE CoMM., Aug. 10, 2010, at 1, 3.

82. Samuel Abiven et al., Biochar by Design, 7 NATURE 326, 326 (2014).

83. Woolf et al., supra note 81, at 2.

84. Lukas Van Zwieten et al., The Effects on Nitrous Oxide and Methane Emis-
sions From Soil, in BIOCHAR FOR ENVIRONMENTAL MANAGEMENT: SCIENCE,
TeECHNOLOGY, AND IMPLEMENTATION 490-91 (Johannes Lehmann & Ste-
phen Joseph eds., Routledge 2d ed. 2015); Saran P. Sohi et al., A Review of
Biochar and Its Use and Function in Soil, in 105 ADVANCES IN AGRONOMY
47,70-72 (Donald L. Sparks ed., Academic Press 2010).

85. See, e.g., 7 C.ER. §205.203 (2016) (establishing the soil fertility and crop
nutrient management standard).

86. Certified organic products in the United States, for example, must be
“produced and handled without the use of synthetic chemicals.” 7 U.S.C.
§6504.

87. USDA, INTRODUCTION TO ORGANIC PRACTICES (2015).


http://www.jswconline.org/content/69/6/471.full.pdf+html
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https://www.nature.com/articles/ncomms1053
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http://www.sciencedirect.com/science/article/pii/S0065211310050029
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reduced nitrous oxide emissions, lower energy require-
ments, and increased soil carbon sequestration.®® Some
studies suggest that organic farming can obtain equivalent
yields to conventional farming,® or come close in certain
contexts,” while others suggest that the lower per-acre
yields would reduce the climate benefits of the system by
requiring more cropland.”

Q  Expand agroforestry. Agroforestry is a collective name
for agricultural systems that integrate management of
woody perennials and agricultural crops or animals on the
same piece of land.”” By adding trees to agricultural lands,
agroforestry increases both annual sequestration rates and
the overall amount of carbon that a piece of land can store.
As a result, agroforestry’s per-acre sequestration potential is
far higher than that found in annual crop systems.” Over
time, agroforestry can also reduce indirect emissions of
nitrous oxide by reducing nitrogen runoff.*

In the United States, agroforestry typically involves
the use of trees and shrubs to act as windbreaks, buffers,
and hedges on otherwise conventionally managed crop-
land; however, it also includes alley cropping, the side-by-
side planting of annual crops with trees in adjacent rows.
USDA estimated that alley cropping generally sequesters
about one to two metric tons of carbon dioxide equiva-
lent annually per acre through additional biomass.”> This
is roughly the equivalent of taking one car off the road

88. Tiziano Gomiero et al., Environmental Impact of Different Agricultural Man-
agement Practices: Conventional vs. Organic Agriculture, 30 CRiTICAL REV.
Prant Scr. 95, 101-04, 109-11 (2011) (summarizing research indicating
that organic farming increases soil carbon levels and reduces energy require-
ments); Sore Petersen et al., Nitrous Oxide Emissions From Organic and
Conventional Crops in Five European Countries, 112 AGRIC., ECOSYSTEMS
& Env'r 200, 203 (2006) (finding that nitrous oxide emissions from con-
ventional crop rotations were higher than those in organic crop rotations in
four out of five countries).

89. Ropaik INst., THE FARMING SysTEMs Triar: CELEBRATING 30 YEARs 4,
9-10 (2012).

90. Verena Seufert et al., Comparing the Yields of Organic and Conventional
Agriculture, 485 NaTURE 229, 231 (2012) (demonstrating that organic
agriculture nearly matches conventional yields in certain environments);
Lauren Ponisio et al., Diuersiﬁmtian Practices Reduce Organic to Conven-
tional Yield Gap, 282 Proc. RovaL Soc’y B 1, 4 (2014) (finding that
diversified organic systems were much closer to conventional yields than
organic monocultures).

91. See Gomiero et al., supra note 88, at 111.

92. Food & Agric. Org. of the U.N., Agroforestry, http://www.fao.org/forestry/
agroforestry/80338/en/ (last updated Oct. 23, 2015).

93. 'The United States Mid-Century Strategy for Deep Decarbonization recog-
nized agroforestry as a promising strategy for change mitigation and adapta-
tion. See THE WHITE HOUSE, UNITED STATES MID-CENTURY STRATEGY FOR
Deep DECARBONIZATION 78-79 (2016), available at http://unfccc.int/files/
focus/long-term_strategies/application/pdf/mid_century_strategy_report-
final_red.pdf.

94. EPA estimates that indirect emissions of nitrous oxide accounted for 18%
of nitrous oxide emissions from agricultural soils in 2015. EPA, supra note
9, at 5-24 to 5-25 tbls. 5-17 & 5-18. Over time, agroforestry practices like
riparian tree buffers can prevent the loss of nitrate and thereby prevent its
downstream conversion to nitrous oxide. Ranjith P. Udawatta et al., Agro-
forestry Practices, Runoff, and Nutrient Loss: A Paired Watershed Comparison,
31 J. Envre. Quarrty 1214, 1224-25 (2002).

95. SWAN ET AL., supra note 37, at 29, using PK. Ramachandran Nair & Vi-
mala Nair, Carbon Storage in North American Agroforestry Systems, in THE
PorenTIAL OF U.S. FOREST SoILs TO SEQUESTER CARBON AND MITIGATE
THE GREENHOUSE ErrecT (John M. Kimble et al. eds., Lewis Publishers
2003).
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for every three to six acres thus managed; if done on just
one-quarter of U.S. cropland, it would be the equivalent of
taking 26 million cars off the road.

Although not a form of agroforestry, a system of row
crop production integrated with strategically placed native
perennial grasses, called prairie strips, was developed by
scientists at Iowa State University and modeled on agro-
forestry practices. The project, Science-Based Trials of
Rowcrops Integrated With Prairie Strips (STRIPS), is
designed to create a scalable, resilient, and environmentally
responsible system of agriculture in the Midwest.”® Further
research is needed to accurately measure its impact on net
emissions, but scientists estimate that prairie strips seques-
ter approximately one metric ton of carbon dioxide equiva-
lent per acre, about three times the sequestration rate of
no-till farming.”

Q  Shift from annual crops to perennial crops. As with
agroforestry, perennial crops offer a way to substantially
improve upon the carbon storage potential of annual crops.
They eliminate the need for tillage, generally reduce irriga-
tion and fertilizer needs, and sequester additional carbon
through their considerable biomass and deep root systems.
In the United States, there are several common perennial
crops grown, mostly in monocultures, including grapes,
apples, blueberries, stone fruits, citrus, and almonds and
other nuts.

There are also perennial crops that are able to produce
ample quantities of feedstock for biofuels, such as switch-
grass, that could take the place of the annual crops now
grown for this purpose.”® In part due to different fertil-
izer and water needs of switchgrass and corn, the life-cycle
carbon intensity of switchgrass biofuel is less than that
of gasoline, while that of corn ethanol is greater.”” Other
perennials can be a source of edible oils that are now largely
produced by annual crops such as rape or soy. While there
are now no perennial grains ready for commercial use, the
Land Institute, a nonprofit research organization dedicated
to developing perennial staple crops, has been making
promising progress.'”” Returning to more pasture-based

96. MEGHANN JARCHOW & MaTT LIEBMAN, lowa STATE UNIv. EXTENSION, IN-
CORPORATING PRAIRIES INTO MULTIFUNCTIONAL LANDSCAPES 14-15 (2011)
(PMR 1007).

97. Id.at 20-21.

98. Approximately 40% of the corn grown in the United States is now devoted
to ethanol production. See Peter Riley, Interaction Between Ethanol, Crop,
and Livestock Markets, in U.S. ETHANOL: AN ExamINaTION OF PoLicy, Pro-
DUCTION, USE, DISTRIBUTION, AND MARKET INTERACTIONS 27 (James A.
Duffield et al. eds., USDA 2015). Soybean processing can produce soy oil
for biofuels and protein for animal feed at the same time, so little to no soy is
grown exclusively as a biofuel; however, approximately 30% of the soybean
oil produced in 2013 was used for biodiesel. Jeremy Martin, Biodiesel Update:
Now With More Soy, UNION CONCERNED SCIENTISTS, Jan. 2, 2014, http://
blog.ucsusa.org/jeremy-martin/biodiesel-update-now-with-more-soy-360.

99. See Emiry Cassipy, ENvrL. WoRrRkING GROUP, BETTER BIOFUELS AHEAD:
Tue Roap To Low-CarBoN FueLs 5 (2015); John DeCicco et al., Carbon
Balance Effects of U.S. Biofuel Production and Use, 138 CLimaTic CHANGE
667, 677 (2016).

100. See, e.g., Pheonah Nabukalu & Thomas Cox, Response to Selection in the
Initial Stages of a Perennial Sorghum Breeding Program, 209 EurayTica 103,
108-10 (2016); Tue Lanp INnst., LaND RerorT No. 113 (2015).


https://www.researchgate.net/profile/Kristiina_Regina/publication/223655586_Nitrous_oxide_emissions_from_organic_and_conventional_crop_rotations_in_five_European_countries/links/54c78f800cf238bb7d0ac286.pdf
https://www.researchgate.net/profile/Kristiina_Regina/publication/223655586_Nitrous_oxide_emissions_from_organic_and_conventional_crop_rotations_in_five_European_countries/links/54c78f800cf238bb7d0ac286.pdf
http://66.147.244.123/~rodalein/wp-content/uploads/2012/12/FSTbookletFINAL.pdf
http://www.nature.com/nature/journal/v485/n7397/full/nature11069.html
http://www.nature.com/nature/journal/v485/n7397/full/nature11069.html
http://www.fao.org/forestry/agroforestry/80338/en/
http://www.fao.org/forestry/agroforestry/80338/en/
https://obamawhitehouse.archives.gov/sites/default/files/docs/mid_century_strategy_report-final.pdf
http://unfccc.int/files/focus/long-term_strategies/application/pdf/mid_century_strategy_report-final_red.pdf
http://unfccc.int/files/focus/long-term_strategies/application/pdf/mid_century_strategy_report-final_red.pdf
http://unfccc.int/files/focus/long-term_strategies/application/pdf/mid_century_strategy_report-final_red.pdf
http://www.centerforagroforestry.org/research/rbcomparison.pdf
http://www.centerforagroforestry.org/research/rbcomparison.pdf
http://www.crcnetbase.com/doi/abs/10.1201/9781420032277.ch20
https://www.nrem.iastate.edu/research/STRIPs/files/publication/2011-02-incorporating-prairies-multifunctional-landscapes.pdf
https://www.nrem.iastate.edu/research/STRIPs/files/publication/2011-02-incorporating-prairies-multifunctional-landscapes.pdf
http://blog.ucsusa.org/jeremy-martin/biodiesel-update-now-with-more-soy-360
http://blog.ucsusa.org/jeremy-martin/biodiesel-update-now-with-more-soy-360
http://www.ewg.org/research/better-biofuels-ahead
http://www.ewg.org/research/better-biofuels-ahead
http://link.springer.com/article/10.1007/s10584-016-1764-4
http://link.springer.com/article/10.1007/s10584-016-1764-4
http://link.springer.com/article/10.1007/s10681-016-1639-9
http://link.springer.com/article/10.1007/s10681-016-1639-9
https://landinstitute.org/wp-content/uploads/2016/09/Land-Report-113.pdf
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systems of raising livestock also effectively switches the
feed from an annual to a perennial crop.

Q  Shift to more ecologically efficient crop use. Analyses of
agricultural productivity generally focus on inputs, includ-
ing labor, and crop yield. While these factors are impor-
tant, they fail to provide an accurate account of whether a
crop is a truly efficient use of land and energy from the per-
spective of fulfilling human needs. A crop with high yields
and low labor requirements may be inefhicient if it is inte-
grated into an energy-intensive value chain, such as grain
destined for a feedlot, or if it does not provide consumers
with a nutritious end product, such as corn processed into
high-fructose corn syrup.

Shifting production from crops intended to feed ani-
mals with a high conversion rate (of pounds feed to pounds
meat), feedstock for biofuels with high life-cycle carbon
emissions, or processed foods to crops intended for human
consumption as whole foods, would therefore improve the
efficiency of crop use. This efficiency could allow for the
production of an adequate food supply on fewer acres than
would be required otherwise. This in turn would reduce
direct emissions associated with the cultivation of the
excess acreage, as well as allow the restoration of grassland
and forestland that can function as carbon sinks.

A 2013 study estimated that 67% of the calories and
80% of the protein in crops produced in the United States
are diverted to animal feed.!” This represents an inher-
ently inefficient use of potential food. For example, it typi-
cally takes six pounds of grain to increase the live weight
of a beef cow by one pound,'® and only 30-40% of the
animal’s live weight is consumable as beef.!® This means
that 15-20 pounds of grain are required to produce one
pound of beef.* In the United States, approximately 70
million acres of cropland are used to produce corn and
soybean for animal feed.'” The same calories and protein
currently provided by animal products could be produced
with a much smaller land footprint if crops were consumed
directly rather than fed to animals.

The study further found that up to an additional 6%
of both calories and protein of U.S. crops were diverted
to biofuel production.®® Neither the calories nor the pro-
tein were available for human consumption. Notably, this

101. Cassidy et al., supra note 24.

102. Dan Shike, Assistant Professor, University of Illinois, Presentation: Beef
Cattle Feed Efficiency, Address at the Driftless Region Beef Conference
(Jan. 31, 2013).

103. HOLLAND ET AL., supra note 23, at 3.

104. A range of 15-20 pounds of grain to one pound of beef was derived by
dividing the number of pounds of grain to one pound of live weight gain by
the lower and upper bounds on the yield (6/0.4 = 15, 6/0.3 = 20).

105. Estimates of acres cultivated for corn and soybean used for animal feed were
derived by multiplying total corn and soybean acreage in marketing year
(MY) 2014/2015 (90.6 and 83.3 million acres planted, respectively) by the
proportion of the corn supply used for animal feed (0.34) or the propor-
tion of the soybean supply crushed (0.46), and multiplying this product
by the proportion of the corn and soybean supply due to production in
that year (0.92 and 0.97, respectively). For corn data, see USDA, FEED
GraINs: YEARBOOK TaBLEs (last updated June 14, 2017), and for soybean,
see USDA, O1L Croprs YEARBOOK (last updated Mar. 29, 2017).

106. Cassidy et al., supra note 24.
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estimate predated enactment of the Renewable Fuel Stan-
dard (RES) that spurred demand for biofuels in the United
States, and the percentage of potential food lost to biofuel
production is almost certainly much higher today.!” A
switch from the dominant biofuel—corn ethanol—to bio-
fuels derived from perennial crops grown on lands that are
less suitable to food crops would help to reduce competi-
tion for human food and relieve additional acreage from
food production.'*®

In addition, the U.S. diet now relies heavily on pro-
cessed and “ultra-processed” foods'”’; an estimated 75%
of the average person’s calories comes from such food."?
Heavily processed foods largely rely on corn, wheat, and
soy as well as some animal products, leading to a “com-
modity-based diet” in wealthy countries."! These diets
are deficient in nutrients and other beneficial compounds
found in whole or minimally processed foods."* The pro-
duction of an adequate supply of nutritious foods without
a corresponding reduction in production of commodities
used in processed foods will place additional pressure on
the land base. Shifting away from such high reliance on
heavily processed foods could further reduce inefficiencies
in the food system and result in substantial health as well
as climate benefits.'?

Q  Optimize flood irrigation and drainage in rice cultiva-
tion. Rice cultivation results in methane emissions due
to flood irrigation of rice fields, which creates anaerobic
conditions in which methane-producing bacteria thrive."*
Rice farmers can reduce methane emissions by reducing
the continuous flooding during the growing season by
alternate wetting and drying. Periodic drainage temporar-
ily restores aerobic conditions, which rapidly diminishes

107. Davip DEGENNARO, NAT'L WiLDLIFE FED'N, FUELING DESTRUCTION: THE
UNINTENDED CONSEQUENCES OF THE RENEWABLE FUEL STANDARD ON
LanD, WATER, AND WILDLIFE 5-6 (2016). The Emily Cassidy et al. analysis,
see supra notes 24, 101, and 106, was based on data from 1997-2003.

108. See Cassipy, supra note 99, at 6.

109. The term was popularized by Carlos Monteiro, who argues, “The issue is
not foods, nor nutrients, so much as processing.” Carlos Monteiro, Com-
mentary, Increasing Consumption of Ultra-Processed Foods and Likely Impact
on Human Health: Evidence From Brazil, 12 Pus. HeaLra NUTRITION 729,
729 (2009). In a subsequent study, Monteiro and his collaborators divided
food products into three groups: unprocessed or minimally processed, pro-
cessed, and ultra-processed. Carlos Monteiro et al., Increasing Consumption
of Ultra-Processed Foods and Likely Impact on Human Health: Evidence From
Brazil, 14 Pus. Hearra NuTrrtion 5, 7 (2010). Ultra-processed foods are
produced using industrial processes “designed to create durable, accessible,
convenient, attractive ready-to-eat or ready-to-heat products.” /d.

110. Jennifer Poti et al., Is the Degree of Food Processing and Convenience Linked
With the Nutritional Quality of Foods Purchased by US Households, 101 Am.
J. CrinicaL NutrrTioN 1251, 1251 (2015).

111. David Ludwig, Commentary, Technology, Diet, and the Burden of Chronic
Disease, 305 JAMA 1352, 1352 (2011).

112. Id.

113. See Carlos Monteiro et al., Dietary Guidelines to Nourish Humanity and
the Planet in the Twenty-First Century. A Blueprint From Brazil, 18 Pus.
Heacre NurritioN 2311, 2317 (2015) (describing how dietary guide-
lines can enhance both human health and the environment by reducing
the consumption of processed foods); Dariush Mozzaffarian & David Lud-
wig, Commentary, Dietary Guidelines in the 21st Century—A Time for Food,
304 JAMA 681, 681-82 (2010) (emphasizing the importance of whole and
minimally processed foods for human health).

114. EPA, supra note 9, at 5-16.
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https://www.ers.usda.gov/data-products/oil-crops-yearbook
http://www.nwf.org/~/media/PDFs/Education-Advocacy/Fueling-Destruction_Final.ashx
http://www.nwf.org/~/media/PDFs/Education-Advocacy/Fueling-Destruction_Final.ashx
http://www.nwf.org/~/media/PDFs/Education-Advocacy/Fueling-Destruction_Final.ashx
http://www.wphna.org/htdocs/downloadsdec2012/2011_PHN_Monteiro_et_al.pdf
http://www.wphna.org/htdocs/downloadsdec2012/2011_PHN_Monteiro_et_al.pdf
http://www.wphna.org/htdocs/downloadsdec2012/2011_PHN_Monteiro_et_al.pdf
http://www.wphna.org/htdocs/downloadsdec2012/2011_PHN_Monteiro_et_al.pdf
http://www.wphna.org/htdocs/downloadsdec2012/2011_PHN_Monteiro_et_al.pdf
http://ajcn.nutrition.org/content/early/2015/05/06/ajcn.114.100925.abstract
http://ajcn.nutrition.org/content/early/2015/05/06/ajcn.114.100925.abstract
http://jamanetwork.com/journals/jama/article-abstract/896031
http://jamanetwork.com/journals/jama/article-abstract/896031
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwjm2IC65aLTAhVM22MKHQRuA5UQFggrMAE&url=http%3A%2F%2Fecos-redenutri.bvs.br%2Ftiki-download_file.php%3FfileId%3D1000&usg=AFQjCNG_Ldl3PsOBBVfmDlisC7caD2b4DA&sig2=Xg1grMreZJ_Tn3
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwjm2IC65aLTAhVM22MKHQRuA5UQFggrMAE&url=http%3A%2F%2Fecos-redenutri.bvs.br%2Ftiki-download_file.php%3FfileId%3D1000&usg=AFQjCNG_Ldl3PsOBBVfmDlisC7caD2b4DA&sig2=Xg1grMreZJ_Tn3
http://jamanetwork.com/journals/jama/article-abstract/186365
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the amount of methane-producing bacteria and stimulates
other bacteria that metabolize methane for energy.' The
Intergovernmental Panel on Climate Change (IPCC) esti-
mated that, on average, draining once per season reduces
emissions by 40%, while draining multiple times reduces
emissions by 48%.""¢ In 2016, California approved a proto-
col for rice farmers to quantify reductions at the farm level
as the basis for generating credits under the state’s cap-
and-trade program, which may incentivize the adoption of
mitigation practices in the rice industry."”

2. Grazing Land

Grazing lands cover almost one-third of the contiguous
United States."® More than 80% of this land is rangeland,
uncultivated land with minimal inputs, while the remain-
der is cultivated and more intensively managed grazing
land, or pasture."”” Pasture has greater potential for carbon
sequestration as a result of its higher biomass unit produc-
tion, but it requires irrigation or high precipitation levels,
making it impractical in much of the arid West.

Q  Improve grazing management. A variety of manage-
ment practices can increase carbon sequestration on graz-
ing lands. Several factors influence the types of practices
appropriate for any given location, including climate, pre-
cipitation, topography, local plant communities, soil type,
and ranch size. However, rotation and stocking rates are
important regardless of the grazing ecosystem. Manage-
ment systems that rotate livestock through a series of pas-
tures, if implemented well, may improve soil conditions
and grassland productivity, thereby increasing soil organic
carbon.””® At the same time, continuous systems, which
allow unrestricted grazing, are more likely to lead to poor
soil quality and carbon loss."”!

115. Tapan K. Adhya et al., Wetting and Drying: Reducing Greenhouse Gas Emis-
sions and Saving Water From Rice Production 6 (World Resources Institute
Working Paper, Installment 8 of Creating a Sustainable Food Future, 2014).

116. IPCC, 4 2006 IPCC GUIDELINES FOR NATIONAL GREENHOUSE GAS INVEN-
TORIES: AGRICULTURE, FORESTRY, AND OTHER LAND USE 5.44-5.53 (2006).

117. See Cal. Envtl. Prot. Agency Air Res. Bd., Potential New Compliance Offser
Protocol Rice Cultivation Projects, https:/[www.arb.ca.gov/cc/capandtrade/
protocols/riceprotocol.htm (last reviewed Dec. 2, 2014). Microsoft just
purchased some such offsets. USDA Natural Res. Conservation Serv., Na-
ture’s Stewards: U.S. Rice Farmers Embrace Sustainable Agriculture and Earn
First-Ever Carbon Credits for Rice Production, http://nrcs.maps.arcgis.com/
apps/Cascade/index.html?appid=c00a7710dbe04790823c4133777¢49c0
(last visited Aug. 1, 2017).

118. Of the 1,937.7 million acres of nonfederal land in the contiguous United
States, 130.9 million are pastureland, 417.9 are rangeland, and 56.1 are
grazed forestland. NICKERSON ET AL., supra note 4, at 7. USDA's data for the
48 contiguous states do not include federal lands, however, which account
for a significant proportion of national grazing lands. /. at 6.

119. EAGLE ET AL., supra note 73, at 36.

120. Richard Conant et al., Land Use Effects on Soil Carbon Fractions in the South-
eastern United States. I. Management-Intensive Versus Extensive Grazing, 38
Brorogy & FertiLity Soris 386, 391 (2003); Chad Hellwinckel & Jennifer
Phillips, Land Use Carbon Implications of a Reduction in Ethanol Production
and an Increase in Well-Managed Pastures, 3 CARBON MamT. 27, 28 (2012).
Cf- David D. Briske et al., Rotational Grazing on Rangelands: Reconciliation
of Perception and Experimental Evidence, 61 RANGELAND EcoLoGy & MGMmT.
3, 11 (2008) (arguing that rotational grazing offers few, if any, benefits over
other systems of grazing according to experimental evidence).

121. See, e.g., Carter et al., supra note 30, at 202.
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The USDA Natural Resources Conservation Service
(NRCS) calls rotational systems that rotate livestock
in order to foster optimal plant and animal health “pre-
scribed grazing.” There are different types of prescribed
grazing systems, such as management-intensive grazing
and less intensive forms of rotational and planned grazing.
While not widely adopted, there are numerous such opera-
tions that appear to be successful in restoring rangelands,
increasing soil carbon, and enhancing other ecological
benefits while producing livestock.'”* These can be viewed
as models for other farms, education programs, and gov-
ernment incentives.

The ability of individual systems to sequester carbon
has been vigorously debated,'”® varies by region and land
use history,'** and hits an upper limit when soils become
saturated.'”” Environmental factors beyond the control
of ranchers, such as drought conditions, can also over-
shadow and overwhelm the impact of even the most
effective management practices, particularly in arid
rangelands.'”® Nonetheless, prescribed grazing has been
shown to offer significant carbon sequestration potential
in some ecosystems.

Q  Optimize feed, breed, and herd health. Grazing practices
have been the subject of significant attention and debate;
however, ranchers can also take important steps to reduce
net emissions through improved feed, breed, and animal
health management. By carefully managing their herds’
feed and forage options, operators may be able to decrease
enteric emissions.'”” Operators can also reduce emissions
by maintaining herd health and choosing or developing
breeds best adapted to the local environment.'*® The capac-
ity of different breeds to thrive in local conditions, such as
weather and native plant communities, affects how quickly
they mature. Breeds optimized for local conditions will
therefore reach slaughter weight more quickly, reducing
their impact on emissions.

122. E.g.,, Brown’s Ranch, htep://brownsranch.us/ (last visited Aug. 1, 2017);
Pinhook Farm, http://pinhookfarm.blogspot.com/ (last visited Aug. 1,
2017). See generally Regeneration International, http://regenerationinterna-
tional.org/ (last visited Aug. 1, 2017); Savory International, http://www.
savory.global/ (last visited Aug. 1, 2017).

123. See, e.g., John Carter et al., Holistic Management: Misinformation on the Sci-
ence of Grazed Ecosystems, 2014 INT'L ]. BioDIVERSITY 1, 5-7 (2014).

124. Megan McSherry & Mark Ritchie, Effects of Grazing on Grassland Soil Car-
bon: A Global Review, 19 GLoBAL CHANGE BirorLoagy 1347, 1347 (2013).

125. Stewart et al., supra note 34, at 25-28; Stockmann et al., supra note 33, at
94-95.

126. Kayje Booker et al., What Can Ecological Science 1ell Us About Opportunities
for Carbon Sequestration on Arid Rangelands in the United States?, 23 GLOBAL
EnvrL. CHANGE 240, 240-44 (2013).

127. DouGc GURIAN-SHERMAN, UNION OF CONCERNED SCIENTISTS, RAISING
THE STEAKS: GLOBAL WARMING AND PASTURE-RAISED BEEF PRODUCTION IN
THE UNITED STATES 13-19 (2011) (summarizing practices to reduce meth-
ane emissions through improved feed and forage); Karen A. Beauchemin et
al., Mitigation of Greenhouse Gas Emissions From Beef Production in Western
Canada—FEvaluation Using Farm-Based Life Cycle Assessment, 166/167 An1-
MAL FEeD Scr. & TecH. 663, 674-75 (2011).

128. GLOBAL RESEARCH ALLIANCE ON AGRIC. GREENHOUSE GASES ET AL., RE-
DUCING GREENHOUSE Gas Emissions FrRoM Livestock: Best PRACTICE
AND EMERGING OpTIONS 12-14, 20-23 (Karin Andeweg & Andy Reisinger
eds., 2015).
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Q  Add soil amendments. New research has demonstrated
that organic soil amendments like compost may be able
to boost carbon sequestration on grazing land. Over the
course of three years, researchers found that a single appli-
cation of composted organic matter to rangeland increased
net carbon storage by 25-70%,'*? while also increasing the
production of grass for feed and thereby making range-
lands more productive.'*

Q  Expand silvopasture. Silvopasture refers to the practice of
planting woody perennials on grazing lands. As with agro-
forestry on cropland, silvopasture offers significant green-
house gas mitigation potential. Adding trees to pasture and
rangelands adds a substantial new source of carbon storage,
while also increasing livestock productivity (due to addi-
tional shade and reduced heat stress loss) and, in some cases,
adding an additional source of income for producers.

Silvopasture systems have the potential to sequester
more carbon than either forests or grasslands, since they
can integrate perennial grasses and trees, each of which
offers distinct sequestration avenues, as described above."!
A 2012 literature review estimated that silvopasture systems
would sequester an average of 2.5 metric tons of carbon
dioxide equivalent per acre annually in the United States
through both additional biomass and increased soil carbon
storage.'*> USDA’s estimated range for sequestration rates
for silvopasture systems, while substantially lower, still
markedly outperforms conventional grazing.'”®

3. Animal Feeding Operations

AFOs are lots or facilities in which confined animals are
fed, raised, and maintained.”®® Unlike farms that allow
livestock to graze or be integrated into crop production,
AFOs are focused on one task: maximizing the production
of meat, dairy, or eggs. EPA classifies AFOs as CAFOs if
they exceed a certain size threshold or, in some circum-
stances, if they discharge waste into surface waters.'®
There are roughly 450,000 AFOs"° in the United
States, including 20,000 CAFOs."” CAFOs alone hold

129. Rebecca Ryals & Whendee Silver, Effects of Organic Matter Amendments on
Net Primary Productivity and Greenhouse Gas Emissions in Annual Grasslands,
23 EcoroGicaL AppLICATIONS 46, 56 (2013). This total does not include
the carbon directly added to the soil from the compost. /4. at 46.

130. /d. at 51.

131. Udawatta & Jose, supra note 29, at 227.

132. Id. at 230.

133. SWAN ET AL., supra note 37, at 33.

134. U.S. EPA, National Pollutant Discharge Elimination System (NPDES)—Ani-
mal Feeding Operations (AFOs), https://www.epa.gov/npdes/animal-feed-
ing-operations-afos (last updated Jan. 17, 2017).

135. 40 C.ER. §122.23(b)-(c) (2016). “Large CAFOs” are defined as CAFOs
by EPA solely due to the number of animals they hold, “Medium CAFOs”
are operations that exceed a smaller size threshold, but discharge waste into
surface water, and “Small CAFOs” are facilities that do not meet any size
threshold, but have been designated as “significant contributor[s] of pollut-
ants to waters” by regulatory authorities. /4.

136. USDA NRCS, Animal Feeding Operations, https:/[www.nres.usda.gov/wps/
portal/nrcs/main/national/plantsanimals/livestock/afo/ (last visited Aug. 1,
2017).

137. U.S. EPA, NarioNaL PoLLUTANT D1scHARGE EriMiNaTION SYsTEM, 2015
CAFO PerMITTING STATUS REPORT (2015).
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the majority of the country’s food-producing animals.*®
While AFOs are credited with lowering consumer costs
for animal products, they have considerable externalities.
They can harm animal welfare, increase antibiotic resis-
tance due to the routine use of antibiotics,”?” emit air and
water pollution,'® depress property values,”*! hurt small-
scale farms and businesses,'** and diminish quality of life
in rural communities.'*?

There are AFO systems for production of all types of
meat—Dbeef, pork, and chicken—as well as production of
eggs and dairy products. While the details vary, in gen-
eral, swine and dairy AFOs often rely on liquid manure
systems, chicken and egg AFOs produce a dry litter, and
cattle feedlots leave the animal waste on the open ground.
In liquid systems, the manure is washed from the animal
pens to a storage lagoon, usually uncovered, where it is
eventually pumped out and spread onto fields.

AFO manure management systems also produce much
more methane than manure in pasture-based livestock
operations. When manure is left as a solid, as naturally
happens on grazing and pasture lands, it typically decom-
poses aerobically and produces little to no methane. How-
ever, when it is stored or handled in a system that creates an
anaerobic environment, such as a lagoon, it releases large
amounts of methane.'** Anaerobic environments can result
in methane emission rates as much as 90 times higher than
those in grazing systems.'®

Q  Reincorporate animals into croplands. The most effec-
tive way to reduce emissions from AFOs would be to
replace them with well-managed integrated crop-livestock
systems. Traditionally, most farms incorporated animals
into cropping systems by allowing them to forage on well-

138. See MARC R1BAUDO ET AL., ECON. REsEarRcH SERv., USDA, MANURE MAN-
AGEMENT FOR WATER QuaLITY: COsTS TO ANIMAL FEEDING OPERATIONS
OF APPLYING MANURE NUTRIENTS TO LAND iii (2003) (noting that while
CAFOs make up less than 5% of animal feeding operations, they contain
50% of all animals and produce more than 65% of all manure).

139. David Tillman et al., Agricultural Sustainability and Intensive Production
Practices, 418 NaTURE 671, 674 (2002); Ellen Silbergeld et al., Industrial
Food Animal Production, Antimicrobial Resistance, and Human Health, 29
ANN. Rev. Pus. Hearrs 151, 162-63 (2008).

140. Tillman et al., supra note 139.

141. Kelley Donham et al., Community Health and Socioeconomic Issues Surround-
ing Concentrated Animal Feeding Operations, 115 ENvTL. HEALTH PERsP.
317, 319 (2007).

142. Id. at 317.

143. See id.; Steve Wing & Susanne Wolf, Intensive Livestock Operations, Health,
and Quality of Life Among Eastern North Carolina Residents, 108 ENvTL.
Heacru Perse., 233, 235-37 (2000).

144. While dry management can reduce methane emissions, switching to
dry management can increase nitrous oxide emissions. Pete Smith et al.,
Greenhouse Gas Mitigation in Agriculture, 363 PHIL. TRANSACTIONS RovaL
Soc’y B 789, 794 (2008). Dry management does not always increase ni-
trous oxide emissions, however, and increases in nitrous oxide emissions
resulting from dry management are likely to be exceeded by decreases in
methane emissions. See, e.g., JUSTINE J. OWEN ET AL., NICHOLAS INST.,
Duke Univ., GREENHOUSE GAs MITIGATION OPPORTUNITIES IN CALI-
FORNIA AGRICULTURE: REVIEW OF EMISSIONS AND MITIGATION POTEN-
TIAL OF ANIMAL MANURE MANAGEMENT AND LAND APPLICATION OF Ma-
NURE 7 tbl. 4 (2014) (showing emission estimates of cows in California by
manure management system).

145. Paur, Jun et AL, IPCC, CH, anD N,O Emissions From Livestock Ma-
NURE 388 tbl. 10 (1996).
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managed grasslands or plant residues after harvest, but
early agricultural scientists and extension agents discour-
aged this practice, perceiving it as archaic and inefficient.
As scientists have begun to understand the ecology of agri-
culture better, however, they have started to encourage it as
an environmentally friendly way to intensify agricultural
production.'*® Some even argue that crop-livestock farms
are economically and environmentally optimal, creating an
efficient nutrient cycle between plants and animals.'"

Mixed crop-livestock systems encourage crop and ani-
mal rotations and also help break down plant residue, all
of which increases soil health and carbon sequestration.
They can substantially reduce methane emissions from
manure management since manure in integrated systems
is typically left to decompose aerobically.*® However, both
animal growth rates and enteric emissions must be taken
into account when comparing net emissions from different
systems of animal agriculture.

Q  Transition to dry manure management systems. Dairy
and swine operations accounted for 90% of methane
emissions from manure management in 2015, largely
due to their reliance—in the United States, at least—on
liquid management systems.”® Nearly all hog producers,
for example, wash waste into giant “lagoons” or hold it in
large “slurry pits” below the slatted floors of production
facilities until it is applied to land, ostensibly as nitrogen
fertilizer.” In dry management systems, by contrast, aero-
bic conditions are maintained and methane emissions are
minimized.” For example, manure may be drained and
dried, or dry matter like straw may be added to absorb
moisture and solidify it."* Solids can then be stacked until
land application.”™

A transition from liquid to dry management in these
operations would maintain aerobic conditions, stymie the
growth of methane-producing bacteria, and reduce meth-
ane emissions. A 2015 meta-analysis of field studies measur-
ing dairy manure management emissions found that liquid
manure storage systems have the highest per-head methane
emission rates, while dry systems had among the lowest.”

146. See, e.g., Michael Russelle et al., Reconsidering Integrated Crop-Livestock Sys-
tems in North America, 99 AGroNoMmY J. 325, 325 (2007); Gilles Lemaire
et al., Integrated Crop-Livestock Systems: Strategies to Achieve Synergy Between
Agricultural Production and Environmental Quality, 190 AGric., Ecosys-
TEMS & ENV'T 4, 4 (2014).

147. Patrick Veysset et al., Mixed Crop-Livestock Farming Systems: A Sustainable
Way to Produce Beef? Commercial Farms Results, Questions, and Perspectives, 8
Animar 1218, 1218 (2014).

148. Unmanaged manure deposited on grassland by grazing animals still emits
significant amounts of nitrous oxide, however. See EPA, supra note 9, at
5-24 tbl. 5-17, 5-34 to 5-35.

149. EPA, supra note 9, at 5-10.

150. N1GeL Key £t AL., EcoN. REsearcH SErv., USDA, TRENDS AND DEVELOP-
MENTS IN HOG MANURE MANAGEMENT: 1998-2009, at 11 (2011).

151. /d.
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54 (2003).

153. Jerr LORIMOR ET AL., MicH. STATE UN1v. EXTENSION, MANURE CHARAC-
TERISTICS 4 (2004) (MWPS-18).

154. Id.

155. Justine J. Owen & Whendee L. Silver, Greenhouse Gas Emissions From Dairy
Manure Management: A Review of Fieldbased Studies, 21 GLoBAL CHANGE
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Dry manure can be composted and used as a soil amend-
ment, which can increase soil carbon sequestration."

Q  Improve management of concentrated liquid manure.
Liquid manure is typically stored in lagoons and then
spread or sprayed on fields. Measures can be taken to
reduce emissions from both stages. Anaerobic digesters
work by converting volatile solids in organic matter to bio-
gas and capturing it. The biogas, which is predominantly
methane and carbon dioxide, releases carbon dioxide when
burned for energy. Anaerobic digesters also produce a solid
residue, digestate, which can be composted and used as
bedding or applied to fields as a fertilizer, thereby lowering
net emissions by offsetting synthetic fertilizers and increas-
ing carbon sequestration.”’

Anaerobic digesters are relatively rare in the United
States due to their high costs and the lax regulation of
alternative management methods: for every digester in
operation, there are about 100 CAFOs producing undi-
gested waste.”® Of the approximately 250 anaerobic
digesters operating in the United States, almost 200 rely
on dairy operations.”’

Improvements can also be made regarding the spread-
ing of the liquid manure. The Clean Water Act (CWA)'¢
requires that the manure be spread at “agronomic rates™—
that is, in quantities that the plants need and can use.'
That provision is often ignored, however, with the result
that manure can pollute nearby waters and release green-
house gases. There is some evidence that specific practices
relating to manure spreading can also affect emissions and
soil carbon sequestration levels. Spreading on frozen or
saturated soils, for example, tends to lead to water pollu-
tion and higher nitrous oxide emissions since the manure
is more likely to enter waterways instead of being incorpo-
rated into the soil.'*?

Q  Develop methane inhibitors and vaccines. A number of
feed additives have been demonstrated to decrease meth-
ane emissions from livestock in short-term experiments.'®

Broroay 550, 558 fig. 3 (2014). Dry management does not always increase
nitrous oxide emissions, however, and increases in nitrous oxide emissions
resulting from dry management are likely to be exceeded by decreases in
methane emissions. See, ¢.g., OWEN ET AL., supra note 144.

156. CaL. ENvrL. Assocs., GREENHOUSE GAS MITIGATION STRATEGIES FOR
CALIFORNIA DAIRIES 52 (2015).

157. It is not clear yet whether nitrous oxide emission rates differ for synthetic or
organic fertilizers; however, organic fertilizers can offset emissions from ni-
trogen-based fertilizer manufacturing plants, which are a significant source
of carbon dioxide as discussed infra Section V.A.-B.

158. There are 19,245 CAFOs and 242 anaerobic digesters in the United States
according to EPA. EPA, supra note 137; U.S. EPA, AgSTAR Data and
Trends, https://www.epa.gov/agstar/agstar-data-and-trends (last updated
Aug. 18, 2016).

159. Fourteen of the 196 digesters that use dairy manure also accept manure
from other animals. See EPA, AgSTAR, supra note 158.

160. 33 U.S.C. §§1251-1398, ELR Star. FWPCA §§101-607.

161. 40 C.ER. §503.14 (2016).

162. Andrew C. VanderZaag et al., Strategies to Mitigate Nitrous Oxide Emissions
From Land Applied Manure, 166/167 ANIMAL FEED ScI. & TecH. 464, 469-
70 (2011).

163. Mario Herrero et al., Greenhouse Gas Mitigation Potentials in the Livestock
Sector, 6 NaTURE CLIMATE CHANGE 452, 454 (2016).
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When studied over the long term, however, these effects
disappear or decrease significantly as the microflora in
livestock’s rumen adapt to the new diet."** Nonetheless,
scientists are studying novel approaches that they hope will
remain effective throughout a ruminant’s life-span.'®

Other researchers have focused on developing vaccines
designed to reduce methane emissions.'*® Industry offi-
cials estimate that the vaccine could reduce enteric emis-
sions by 25-30%'%; however, as with methane inhibitors,
the vaccine has yet to be proven safe, effective, or finan-
cially feasible.

Finally, eliminating routine antibiotic use may reduce
emissions. Antibiotics are routinely administered to ani-
mals in confined production facilities to increase animal
growth rates and to prevent disease,'®® altering the micro-
biota of confined animals and affecting their health and
physiology,'® and may increase the amount of methane-
producing microflora.'”

C.  Agriculture’s Maximum Possible Contribution to
Reducing Carbon

This Article lays out the pathways necessary for agriculture
to achieve carbon neutrality. Even greater reductions in
net greenhouse gas emissions may be technologically fea-
sible. Nonetheless, net carbon neutrality is a much more
ambitious target than those set by the Deep Decarboniza-
tion Pathways Project and the United States Mid-Century
Strategy for Deep Decarbonization. The former proposes
an 8% cut in nitrous oxide emissions and a 6% decrease
in methane emissions from the agricultural sector and
does not address agricultural carbon emissions or carbon
sequestration.'”! The latter is slightly more aggressive, call-
ing for a 25% reduction in non-carbon dioxide emissions

164. Id.

165. Alexander Hristov et al., An Inhibitor Persistently Decreased Enteric Methane
Emission From Dairy Cows With No Negative Effect on Milk Production, 112
Proc. Nar’'e Acap. Sci. U.S. Am. 10663, 10663 (2015).

166. D. Neil Wedlock et al., Progress in the Development of Vaccines Against Rumen
Methanogens, 7 ANIMAL 244, 244 (2015).

167. Lucie Bell, New Zealand Vaccine to Reduce Cattle Methane Emissions for Dairy
and Beef Industry Reaches Testing Stage, ABC RuraL. Nov. 9, 2015, htep://
www.abc.net.au/news/rural/2015-11-10/mitigating-methane-emissions-
from-cattle-via-vaccine/6925676.
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start of the phaseout program. U.S. Foop & Drug AbMIN., 2014 SUMMARY
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Story, 20 WoRLD ]. GASTROENTEROLOGY 16062, 16071 (2014).

170. Tobin Hammer et al., Treating Cattle With Antibiotics Affects Greenhouse
Gas Emissions, and Microbiota in Dung and Dung Beetles, 283 Proc. RovAL
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from agriculture.””* It also highlights soil carbon sequestra-
tion on agricultural soils as a promising method for reduc-
ing net emissions, although it does not include soil carbon
sequestration in its modeling results.'”

The maximum possible contribution of agriculture to
deep decarbonization is difficult to estimate. While an
understanding of the chemical and biological processes
that result in agricultural emissions and sinks is advancing
rapidly, there is still much to learn. Additionally, green-
house gas emissions and sequestration rates vary signifi-
cantly according to a number of local variables, including
climate, historical land use, the composition of microbes in
the soil, and other factors.

In addition, there are often trade offs resulting from
actions taken to reduce net agricultural emissions.
Manure digesters capture methane but may increase
incentives for concentration in livestock production;
organic approaches may lower productivity, necessitating
the use of more land; no-till and cover cropping usually
require greater use of herbicides. These trade offs must be
considered in any plan.

Not all of these practices can be used together, and
among those that can, it is not always clear how their inter-
actions will affect net emissions. Additionally, of course,
not all practices can be adopted in all geographies and
their impact will vary according to local climate and soil
conditions, among other variables. Thus, it is not possible
to simply subtract the sum of the aggregate soil carbon
sequestration possibilities from total emissions. Nonethe-
less, the potential of climate-friendly practices to reduce
the 522 million metric tons of carbon dioxide equivalent
emitted by the agricultural sector in 2015, coupled with
the potential of these practices to significantly increase soil
carbon storage, makes carbon neutrality a realistic goal.

Table 1 below includes the average annual net emis-
sion reductions of the practices discussed in this Article
for which quantitative data are available. The table offers
the possible maximum acreage on which a practice could
be used, a range of net emission reductions, and the total
potential tonnage assuming maximum acreage and the
lower end of per-acre impact. Given the diversity of geog-
raphies and uncertainties of these practices, these totals
are only illustrative. As the table indicates, these practices
alone could make agriculture a carbon sink if adopted
widely enough.

While these practices can be cost-beneficial for farm-
ers or ranchers, and have important additional benefits,
uptake of new approaches can be slow and may require
significant incentives, outreach and education, and even
more robust regulatory requirements. Whether agricul-
ture will ultimately achieve carbon neutrality will depend
on whether policies with that goal are adopted—and that
is ultimately a question of political will, not a scientific
one. Below, the Article outlines legal pathways for reach-
ing this objective.

172. Tue WarTe HoOUsE, supra note 93, at 91.
173. Id. at 77-79.
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Table I. Average Annual Net Emission Reductions of Select Agricultural Practices'

Practice Maximum Average annual net emission | Possible annual sequestration

applicable area reductions (metric ton potential (million
(million acres) CO, eq. per acre) metric tons CO, eq.)

Cropland

Improved synthetic fertilizer management 230 0.06-0.15 14

Reduced till 178 0.17-0.20 30

No-till 232 0.31-0.33 72

Cover cropping 126-245 0.26-0.37 33

Conservation crop rotations Unknown 0.21-0.26 Unknown

Organic amendments Unknown 1.00-1.75? Unknown

Biochar 306 0.26-7.90 80

Alley cropping 198 0.81-1.74 160

Windbreaks I 1.09-2.09 12

Riparian buffers 2 1.08-2.47 2

Perennial biofuels and feedstock® Unknown 1.74-2.43 Unknown

Grazing land

Prescribed grazing Unknown 0.18-0.26 Unknown

Organic amendments Unknown 0.85-1.90 Unknown

Silvopasture 173 0.66-1.34 114

|. Data are derived from EAGLE ET AL., supra note 73; SWAN ET AL., supra note 37; Nair & Nair, supra note 95.

2. This total does not account for nitrous oxide emissions. SWAN ET AL., supra note 37, at 7.

3. The perennials studied include poplar, willow, and switchgrass. Rocky Lemus & Rattan Lal, Bioenergy Crops and Carbon Sequestration, 24 CRITICAL REV.

PLANT Sci. 1, 15 (2005).

Ill. Public Law Pathways to
Reducing Net Agricultural
Greenhouse Gas Emissions

At first glance, reducing net agricultural greenhouse gas
emissions through public law poses a considerable chal-
lenge. Agriculture operates on a “parallel regulatory frame-
work,” in which farms are provided safe harbors from
regulations in a number of areas, including labor, antitrust,
and the environment."*

While the federal government has largely declined to
regulate agriculture’s negative externalities, the industry
relies on considerable government support. It has its own
cabinet position and an agency charged with ensuring the
sector’s financial well-being, which it does through funding
for research, training, crop insurance, loans, and numer-
ous other programs. Nonetheless, there are a number of
ways to use these existing forms of government support to
reduce net agricultural greenhouse gas emissions.

174. Susan Schneider, A Reconsideration of Agricultural Law: A Call for the Law of
Food, Farming, and Sustainability, 34 Wm. & Mary ENVTL. L. & PoL’y REv.
935, 937 (2010).

Critical to the political reality of many proposals here,
practices that reduce greenhouse gas emissions and increase
soil carbon to mitigate climate change can also reduce
costs, increase soil health and fertility, and make farms and
grazing lands more resilient to climate change, and thus
can all be urged and supported for those reasons. Indeed,
advocacy should always emphasize the triple benefits of soil
health, climate mitigation, and climate resilience.

The federal government spends almost $3 billion annu-
ally on agricultural research, development, and extension
programs, much of which can be used to support climate
mitigation efforts. The U.S. Congress should require
USDA to do so while providing increased funding for the
agency to quickly develop and disseminate climate-friendly
practices and crop varieties. Agricultural operations that
do not follow basic conservation practices should not be
eligible to receive funds through USDA, whether through
subsidies, insurance, or conservation programs.

Funding for conservation should also prioritize pro-
grams that offer the greatest climate benefits, while fund-
ing that benefits environmentally harmful operations,
such as CAFOs, should be reduced or eliminated. Ulti-
mately, however, Congress should adopt a system focused
on payments for ecosystem services in place of much or
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all of the current farm safety net. Such a system would be
independent of the volatile commodity markets and the
variability of weather, both of which create the perceived
need for the safety net, and thus could provide farmers,
rural communities, and the environment with greater and
more stable benefits.

In addition to farm programs, the public sector provides
significant benefits to farms through tax policy and subsi-
dized lending programs. Tax policy should be used at all
levels of government to discourage agricultural practices
that increase greenhouse gas emissions and to encourage
practices that decrease emissions and sequester carbon.
Likewise, lending institutions operated or subsidized by
the federal government should offer more favorable rates to
farmers utilizing climate-friendly practices.

EPA has the authority to regulate methane and nitrous
oxide emissions from agricultural operations, and state and
local governments can also stop the most harmful agricul-
tural practices. The Bureau of Land Management (BLM)
and U.S. Forest Service (USFS), which oversee more than
one-third of all grazing lands in the United States, have
the ability to regulate grazing on those lands, but have so
far failed to sufficiently regulate practices that result in
increased emissions.

A.  Research, Development, and Extension Programs

Congress’ expressed purpose for supporting agricultural
research and extension is not only to increase the productiv-
ity of agriculture in the United States, but also to “[main-
tain and enhance] the natural resource base on which
rural America and the United States agricultural economy
depend.”” As a result, many USDA programs already
focus on conservation, giving the agency significant leeway
to increase funding for climate-friendly practices through
already existing programs. Doing so, whether through con-
gressional or agency action, will be crucial for decarbonizing
agriculture. State governments and land-grant institutions
should also provide funding for research focused on climate-
friendly practices, particularly in the absence of strong fed-
eral research support.

Congress should couple increased financial support for
climate-related agricultural research with generous fund-
ing to disseminate climate-friendly practices and research.
By creating a nationwide network of climate extension pro-
fessionals, while significantly increasing funding for cli-
mate-related outreach, education, and technical assistance,
Congress can provide carbon farming with the support it
needs to rapidly expand.

. Research and Development

Congress appropriated more than $2 billion to agricultural
research and development in 2014, slightly less than the
amount it appropriated to research and development for

175.7 U.S.C. §3101.
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energy projects.””® The overwhelming majority of these
funds go to two USDA agencies: the National Institute
of Food and Agriculture (NIFA) and the Agricultural
Research Service (ARS). ARS is USDA’s in-house research
agency, while NIFA primarily funds research at land-grant
universities and administers grants to organizations outside
of USDA.

About 20% of ARS’ fiscal year (FY) 2017 research bud-
get is allocated to environmental research, which includes
rescarch on climate change.”” ARS’ climate change
research is focused on adaptation, however, with relatively
few resources allocated toward mitigation."”® The majority
of ARS’ funding should be reoriented to research projects
that include mitigation components; however, this does
not mean that ARS will not be able to meet other research
priorities at the same time.

For example, 27% of ARS’ 2017 budget is dedicated
to livestock and crop production.”” The agency could
increase its support for research that advances production
and mitigation simultaneously, such as projects to develop
productive livestock breeds, better plant materials for cover
crops, and high-yielding crops that facilitate lower emis-
sions and sequester more carbon. This strategy would help
farmers prepare for a decarbonized economy, while helping
the United States meet its emissions goals.

NIFA administers dozens of programs authorized
through the farm bill and other pieces of legislation. None-
theless, little NIFA funding goes to climate.”®® Of the $375
million requested in President Barack Obama’s 2017 bud-
get for NIFA’s competitive research program, for example,
only $15 million was sought to support research on cli-
mate adaptation and resiliency and none was requested for
mitigation.”®" On its own or with direction from Congress,
NIFA, like ARS, should steadily increase the portion of
funding for climate mitigation and adaptation, shifting
research funding to projects designed to reduce green-
house gas emissions or increase carbon sequestration, while
improving soil health and resilience.

Both agencies should also prioritize funding for
research into agroecology, which has a much greater
potential to positively impact the climate than conven-
tional systems.'® Research into agroforestry and peren-
nial agriculture in particular are severely underfunded.'®®
Since research into these systems is unlikely to develop
highly profitable products for agrochemical and seed cor-
porations—agroforestry and perennial farmers do not
need new seeds each year and require much lower rates of

176. Nar'e Sci. Founp., FEDERAL BupGeT AuTHORITY FOR R&D aAND R&D
PranT, By BupGer Funcrion, OrpereD BY FY 2014 R&D anp R&D
Prant TortaL: FYs 2014-16.

177. USDA, FY 2017 BupGer SuMMARY 88.

178. Id.

179. Id. at 90.

180. Marcia DeLonge et al., Investing in the Transition to Sustainable Agriculture,
55 EnvrL. Sci. & PoL’y 266, 269 (2016).

181. NIFA, USDA, FY 2017 PResIDENT’S BUDGET PrOPOSAL 8 (2016).

182. DeLonge et al., supra note 180.

183. Id.


https://wayback.archive-it.org/5902/20160211003455/http://www.nsf.gov/statistics/2016/nsf16303/pdf/tab1.pdf
https://wayback.archive-it.org/5902/20160211003455/http://www.nsf.gov/statistics/2016/nsf16303/pdf/tab1.pdf
https://wayback.archive-it.org/5902/20160211003455/http://www.nsf.gov/statistics/2016/nsf16303/pdf/tab1.pdf
http://www.obpa.usda.gov/budsum/fy17budsum.pdf
http://www.sciencedirect.com/science/article/pii/S1462901115300812
https://nifa.usda.gov/sites/default/files/resource/NIFA_FY2017_President's_Budget.pdf
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chemical inputs—privately funded agricultural research
in this area is likely to remain minimal.

Increasing agricultural research will also be critical for
maintaining agricultural productivity as weather patterns
become more extreme and unpredictable due to climate
change. Governmentfunded research into adaptation
practices should be increased, especially for those that rein-
force mitigation strategies.'®

Several surveys of publicly funded agricultural research
have concluded that research into sustainable systems is
“woefully under-resourced.”’® In light of the challenge pre-
sented by climate change—and the current dearth of fund-
ing for sustainable farming systems—Congress should at
a minimum restore the research budget to at least its prior
level within the agency. Devoting 4% of USDA’s budget to
research in 2016 would have resulted in an additional $3.1
billion for agricultural research.’®® USDA should allocate
these funds to develop the tools, monitoring and measure-
ment protocols, crops, and practices necessary to achieve
carbon neutrality in agriculture. While significant, this is
only a fraction of the roughly $20 billion estimated to be
spent annually on crop insurance and other subsidies.'s”

Congress should also increase funding for the Sustain-
able Agriculture Research and Education (SARE) pro-
gram, which provides funding for on-farm research and
efforts to increase knowledge about sustainable agricultural
practices among farmers and agricultural professionals.'®®
Administered by NIFA, SARE is the only USDA competi-
tive grants program that focuses exclusively on sustainable
agriculture.” Its annual funding ranged from $19 to $27
million between 2013 and 2016."° Given SARE’s impor-
tant role in developing and disseminating sustainable prac-
tices—many of which are climate-friendly—Congress
should dramatically increase its annual budget, while also
specifically appropriating funds for SARE to use to sup-

port the development of carbon farming.

184. Cynthia Rosenzweig & Francesco Nicola Tubiello, Adaptation and Mitiga-
tion Strategies in Agriculture: An Analysis of Potential Synergies, 12 MrtiGa-
TION & ADAPTATION STRATEGIES FOR GLOBAL CHANGE 855, 866-67 (2007).

185. Liz Carlisle & Albie Miles, Closing the Knowledge Gap: How the USDA
Could lap the Potential of Biologically Diversified Farming Systems, 4 ]. Ac-
ric. Foop Sys. & Communrty DEv. 219, 221 (2013) (arguing that a lack of
research has limited organic agriculture’s development); see also Urs N1GGLI
ET AL., RESEARCH INST. OF ORGANIC AGRIC., A GLOBAL VISION AND STRAT-
EGY FOR ORGANIC FARMING REsearcH 19 (2016) (arguing that a lack of
research has limited organic agriculture’s development).

186. Calculated by the authors. Compare AM. AsS'N FOR THE ADVANCEMENT
OF ScI., GUIDE TO THE PRESIDENT’S BUDGET: RESEARCH & DEVELOPMENT
FY 2017, at 10 tbl. 1 (2016) (listing USDA’s research and development
budget at $2.45 billion in fiscal year 2015), with USDA, FY 2017 BupGeT
Summary 2 (2016) (giving USDA’s total outlays in fiscal year 2015 as
$139 billion).

187. See USDA Econ. Research Serv., Projected Spending Under the 2014 Farm
Bill, https:/[www.ers.usda.gov/topics/farm-economy/farm-commodity-pol-
icy/projected-spending-under-the-2014-farm-bill.aspx (last updated Nov.
22,2016).

188.7 U.S.C. §§5801-5832.

189. Nat'l Sustainable Agric. Coal., Sustainable Agriculture Research and Edu-
cation  Program, http://sustainableagriculture.net/publications/grassroots
guide/sustainable-organic-research/sustainable-agriculture-research-and-
education-program/ (last updated Oct. 2016).

190. Id.
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While federally funded research will be critical for the
development of carbon farming, states and foundations
can also play an important role in stimulating research
into adaptation and mitigation strategies. One mechanism
is a nonprofit nongovernmental organization called the
Foundation for Food and Agriculture Research (FFAR)
established by the 2014 Farm Bill to support “agricultural
research focused on addressing key problems of national
and international significance,” including, among other
focus areas, “renewable resources, natural resources, and
the environment.””' Designed to spur public-private part-
nerships, Congress allocated FFAR $200 million to use as
matching funds for nonfederal dollars."”*> Congress should
expand on its initial grant, providing FFAR with annual
funding to help leverage funds from foundations toward
research that furthers mitigation strategies.

State governments and land-grant institutions played
a critical role in the growth of sustainable and organic
agriculture before the federal government began provid-
ing consistent, if relatively meager, research funding in
the 1990s."”* They are now beginning to do the same for
climate-friendly practices. Both Maryland and Hawaii,
for example, passed legislation in 2017 providing sup-
port for research, education, and technical assistance
focused on agricultural practices that build healthy soils
and sequester carbon.”” The California Department of
Food and Agriculture also appropriated $7.5 million in
FY 2016/2017 for the Healthy Soils Program, an incen-
tive and demonstration program for farmers and ranch-
ers designed to increase soil carbon sequestration and
reduce agricultural greenhouse gas emissions.””> Other
state legislatures, agencies, and land-grant institutions
should expand on these efforts, giving programs designed
to spread climate-friendly practices sufficient funding to
develop robust research, education, and technical assis-
tance arms.

The Leopold Center for Sustainable Agriculture at
Iowa State University provides an attractive example for
future state efforts. While the Iowa Legislature elimi-
nated the center’s funding in 2017, putting its future in
doubt,”¢ its enabling legislation provides a compelling
funding model for states with more favorable political
environments. Established by the 1987 lIowa Ground-
water Protection Act to conduct research designed to
reduce the environmental harms of agriculture and
to help promulgate sustainable practices,”” the center
received approximately $1.5 million annually until 2017
from a fund consisting of revenue from a small fee on
nitrogen fertilizer sales and pesticide registrations. The

191.7 U.S.C. §5939.

192. Id.

193. NIGGLI ET AL., supra note 185, at 55-56.

194. Mp. Copk ANN., Agric. §2-1901 (West 2017); 2017 Haw. LeGis. SERv.
33 (West).

195. Cal. Dep't of Food & Agric., Healthy Soils Programs, https://www.cdfa.
ca.gov/oefi/healthysoils/ (last visited Aug. 1, 2017).

196. Brianne Pfannenstiel & Jeff Charis-Carlson, Branstad Defends Defunding of
Leopold Center, DEs MoINEs REG., May 15, 2017.

197. Iowa Cobk §266.39 (2017).


https://www.ers.usda.gov/topics/farm-economy/farm-commodity-policy/projected-spending-under-the-2014-farm-bill.aspx
https://www.ers.usda.gov/topics/farm-economy/farm-commodity-policy/projected-spending-under-the-2014-farm-bill.aspx
https://www.cdfa.ca.gov/oefi/healthysoils/
https://www.cdfa.ca.gov/oefi/healthysoils/
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fee on nitrogen fertilizer sales was set at 75 cents per ton
of anhydrous ammonia—Iless than 0.2% of the average
price paid by individual farmers.””® While the center’s $2
million annual budget represented only a tiny portion of
the amount spent nationally on agricultural research, it
has an impressive record in fostering sustainable practices
and has developed a national reputation for its ground-
breaking research.

2. Extension Service

One of the most significant challenges facing carbon farm-
ing may be the difficulty inherent in learning, adopting,
and disseminating new agricultural practices. Even if food
processing is dominated by a few large corporations, farm-
ing operations themselves are generally run by relatively
small, family-operated firms that lack the resources to
experiment with new practices.””” Even large-scale farm
operations, whether family-run or not, may be loath to
try new practices since they have previously invested sig-
nificant sums in infrastructure and equipment designed
for conventional practices. And unlike in other industries
where reducing emissions often entails the adoption of
widely applicable practices or technology, each farm opera-
tion must contend with a range of unique variables, such as
soil and climate conditions.

State extension services have proven remarkably effec-
tive at disseminating and perpetuating new agricultural
practices.?® No-till farming has spread more deeply and
more rapidly, for example, in states where extension ser-
vices have advocated for its use.””’ Research also indicates
that farmers are more receptive to learning new informa-
tion and practices from extension programs than they
are from other government bodies.*> While extension’s
importance has diminished over the past half century as
agribusiness advisers and consultants have grown in num-
ber and influence,?® extension services will be needed to
foster carbon farming practices.

198. The retail price of anhydrous ammonia was $467 per ton in July 2017. Russ
Quinn, DTN Retail Fertilizer Trends: Anbydrous Breaks 8% Lower, DTN/
PROGRESSIVE FARMER, July 7, 2017, https://www.dtnpf.com/agriculture/
web/ag/news/article/2017/07/12/anhydrous-breaks-8-lower.

199. In 2012, 97% of the farms in the United States were family farms, account-
ing for 89% of its farmland. See Nar’L AGric. Staristics. SErv., USDA,
2012 CENsus OF AGRICULTURE, FarRm Tyroroagy 1 (2015).

200. See, e.g., Irwin Feller, Technology Transfer, Public Policy, and the Cooperative
Extension Service—OMB Imbroglio, 6 J. PoL’y ANALYsIs & MamT. 307, 307
(1987) (“The Cooperative Extension Service has come to represent the best
of both an articulated but decentralized political arrangement and of a tech-
nology transfer system.”); George McDowell, Engaged Universities: Lessons
From the Land Grant Universities and Extension, 585 ANNALS AM. ACAD.
PoL. & Soc. Scr. 31, 35-36 (2003).

201. ““We also struggle with the fact if a practice is not supported and sold by
Oklahoma State University and Oklahoma State Extension, it’s slow to be
adopted.”” John Dobberstein, No-Till Movement in U.S. Continues to Grow,
No-TiLL FARMER, Aug. 2014, at 48.

202. J. Gordon Arbuckle Jr., Corn Belt Farmers Are Concerned, Support Adapta-
tion Action in the Ag Community, in RESILIENT AGRICULTURE 22 (Lynn Laws
ed., Sustainable Corn Project 2014).

203. Linda Stalker Prokopy et al., Extension’s Role in Disseminating Information
Abour Climate Change to Agricultural Stakeholders in the United States, 130
Crivaric CHANGE 261, 268 (2015).
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In 2016, NIFA received $426 million to administer the
extension system and help fund state extension services.***
This funding is more than matched by state and local sup-
port for extension services, which provide approximately
90% of public funding for the extension system.?*

NIFA should immediately begin offering resources for
carbon farming within the extension system, as it does
for other issues, such as weed control and youth educa-
tion. NIFA should also work with states to ensure that all
extension agents are knowledgeable about climate-friendly
practices and to fund specialists who focus primarily on
climate mitigation practices in order to ensure an in-house
constituency and expertise.

Congress should either expressly expand the mandate of
existing extension services or fund a new climate extension
service. This extension capacity can build on the base of
the existing (as of 2017) Climate Hubs, 10 regional centers
established by USDA in 2014 to provide much-needed sup-
port for climate mitigation and adaptation efforts by trans-
lating climate research into tools, materials, and methods
for extension and outreach.®® All such efforts should
emphasize that climate mitigation practices also increase
soil health and farm resilience.

As with federal funding for agricultural research, fund-
ing for the extension system is also historically low. The
federal government spent approximately the same amount
on the extension system in 2014 as it did in 1982 without
accounting for inflation.?”” Congress should at a minimum
double the extension system’s budget to $900 million, des-
ignating the additional funds for climate-related education,
programming, and services. Distribution of these funds
should favor states providing matching funds in order to
reward states that invest in carbon farming and to help win
local buy-in for the new extension program.

3.  Coordinating Research, Development,
and Extension

In order to achieve carbon neutrality in agriculture, USDA
should address emissions in a systematic fashion, organiz-
ing its research, development, and extension arms around
common goals and priorities. USDA can build on the base
of the existing Climate Hubs and its “Building Blocks”
plan, which aims to reduce or offset greenhouse gas emis-
sions through agriculture and forestry by 120 million met-
ric tons of carbon dioxide equivalent per year by 2025.2%
This would have the same impact as taking 23 million pas-

204. Consolidated Appropriations Act, 2016, Pub. L. No. 114-113, 129 Stat.
2250 (2015).

205. Marsha Mercer, Cooperative Extension Reinvents Itself for the 21st Cen-
tury, PEW CHarraBLE TRr., Sept. 9, 2014, http://www.pewtrusts.org/en/
research-and-analysis/blogs/stateline/2014/09/09/cooperative-extension-
reinvents-itself-for-the-21st-century.

206. See USDA, Crimate Huss, USDA RecionaL Huss FOR Risk ADAPTATION
AND MrT1GATION TO CLIMATE CHANGE 1.

207. See NaturaL ResearcH Councit, COLLEGES OF AGRICULTURE AT THE
LanD GrRaNT UNIVERSITIES: A PROFILE 68 (1995).

208. USDA, USDA BurLpinG Brocks FOR CLIMATE SMART AGRICULTURE AND
FORESTRY: IMPLEMENTATION PLAN AND PROGRESS REPORT 2 (2016).


https://www.dtnpf.com/agriculture/web/ag/news/article/2017/07/12/anhydrous-breaks-8-lower
https://www.dtnpf.com/agriculture/web/ag/news/article/2017/07/12/anhydrous-breaks-8-lower
https://www.agcensus.usda.gov/Publications/2012/Online_Resources/Typology/typology13.pdf
http://onlinelibrary.wiley.com/doi/10.2307/3324846/abstract
http://onlinelibrary.wiley.com/doi/10.2307/3324846/abstract
http://journals.sagepub.com/doi/abs/10.1177/0002716202238565
http://journals.sagepub.com/doi/abs/10.1177/0002716202238565
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https://sustainablecorn.org/PDF_download.php/doc/MAG_REV_4Web.pdf
http://link.springer.com/article/10.1007/s10584-015-1339-9
http://link.springer.com/article/10.1007/s10584-015-1339-9
http://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2014/09/09/cooperative-extension-reinvents-itself-for-the-21st-century
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http://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2014/09/09/cooperative-extension-reinvents-itself-for-the-21st-century
http://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2014/09/09/cooperative-extension-reinvents-itself-for-the-21st-century
http://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2014/09/09/cooperative-extension-reinvents-itself-for-the-21st-century
https://www.climatehubs.oce.usda.gov/sites/default/files/pdf/Updated-Hubs-Factsheet-01-22-2015-RS.pdf
https://www.climatehubs.oce.usda.gov/sites/default/files/pdf/Updated-Hubs-Factsheet-01-22-2015-RS.pdf
https://www.usda.gov/sites/default/files/documents/building-blocks-implementation-plan-progress-report.pdf
https://www.usda.gov/sites/default/files/documents/building-blocks-implementation-plan-progress-report.pdf
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senger vehicles off the road.*® The plan has several weak-
nesses: its soil carbon sequestration goals are modest®'’; it
favors practices preferred by agribusiness companies rather
than those with demonstrated long-term climate ben-
efits?!; it relies on voluntary incentives, which are often
impermanent and ineffective in storing soil carbon?'?; and
it relies heavily on nonagricultural sectors.”® Nonetheless,
Congress should expand on these efforts by funding Cli-

mate Hubs for each state and mandating more ambitious
national sequestration targets.

B.  Public Subsidy and Conservation Programs

The federal government supports farms through three
main avenues: Crop insurance, conservation payments,
and commodity programs. Collectively referred to as the
“farm safety net,” these three categories of programs pro-
vide farming operations with about $20 billion per year
(for the period 2014-2018), making up 96% of farm bill
appropriations outside of the Supplemental Nutrition
Assistance Program (SNAP) (formerly “food stamps”).?
Each of these categories is examined in turn below, with an
emphasis on how existing programs can be adapted to help
decarbonize agriculture. Ultimately, however, new legisla-
tion should be passed to optimize government support for
carbon farming.

When crafting new agricultural legislation, regulations,
or programs, it is important to recognize that the abil-
ity of farming operations to integrate new practices and
absorb additional transactional costs varies considerably.
While many climate-friendly techniques are cost-effective
regardless of a farm’s scale, some requirements may none-
theless disadvantage small and mid-sized operations. The
Food Safety Modernization Act attempted to account for
this by exempting certain farms with gross sales below
$500,000 from its requirements.”> New regulations and
requirements could also be similarly tiered so that farmers
with small and mid-sized operations, or those who receive
only a small portion of their household income from farm-
ing, face minimal new costs or paperwork. Additionally,

209. See U.S. EPA, Greenhouse Gas Equivalencies Calculator, https:/[www.epa.
gov/energy/greenhouse-gas-equivalencies-calculator (last updated Jan. 24,
2017).

210. The plan calls for only 4-18 MMT CO, eq. of soil carbon to be sequestered
each year through climate-friendly agricultural practices by 2025. USDA,
supra note 199, at 4.

. Building Blocks prioritizes the synthetic fertilizer industry’s best manage-
ment practices, conventional no-till agriculture, and manure management
systems for AFOs. See id. The climate benefits of these practices are much
lower than other feasible options available to farm managers.

212. As discussed infra Section I11.B.3., any climate benefits derived from tempo-
rary voluntary programs such as the Conservation Reserve Program (CRP)
are not permanent. Conserving sensitive lands through the CRP is one of
the main elements of Building Blocks. See id. at 8.

213. Approximately 70% of the greenhouse gas reductions are in nonagricultural
sectors. See id.

214. Letter from Douglas Elmendorf, Director, Congressional Budget Office, to
Frank Lucas, Chairman of the House Committee on Agriculture (Jan. 28,
2014) (on file with Congressional Budget Office). Funding for these pro-
grams expires with the 2014 Farm Bill at the end of FY 2018.

215. See, e.g., FDA Food Safety Modernization Act, Pub. L. No. 111-353,
§418(1)(1)-(2), 124 Stat. 3885, 3892 (2011).
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USDA and the Extension Service should offer assistance
and incentives to help small and mid-sized farms transition
to climate-friendly practices.

. Crop Insurance

Almost one-half of the estimated $20 billion flowing to
subsidies each year through farm safety net programs now
goes to crop insurance.”’® Proponents of the current crop
insurance system often portray it as a safety net for farmers
in the case of natural disaster.?”” But in addition to protect-
ing farmers from crop losses—routine or not—its use of
revenue guarantees also ensures that covered crops remain
lucrative in the face of lower prices. Despite large increases
in funding in recent years, crop insurance continues to pri-
marily serve large-scale producers of commodity crops.

According to the Congressional Research Service,
more than 70% of the acres covered by crop insurance are
devoted to one of four crops—corn, cotton, soybeans, and
wheat.”® The 2014 Farm Bill opened crop insurance up to
a wider range of products, and the USDA agency in charge
of crop insurance programs, the Risk Management Agency
(RMA), has taken important steps to open up crop insur-
ance to diversified and organic farms.””” Nonetheless, many
farms, particularly small- and medium-scale operations,
continue to find it impractical or unavailable.”” In addi-
tion to bolstering large-scale operations, crop insurance has
also motivated farmers to bring more land under cultiva-
tion, particularly wetlands and other marginal lands, lead-
ing to increased emissions.**!

There are two key steps USDA should take to make
its crop insurance programs more climate-friendly. First,
RMA should ensure that its crop insurance policies do
not interfere with cover cropping or other proven decar-
bonizing practices, or conversely encourage less beneficial
practices. Farmers using innovative or sustainable methods
often have difficulty receiving crop insurance, since the
agency requires producers to use “good farming practices”
that are “generally recognized by agricultural experts” in
their immediate geographic area.””* This effectively disal-
lows farmers from using many innovative climate-friendly
practices, such as alley cropping or integrated crop-live-
stock systems, with which agricultural experts in their

216. RaLpa CHITE ET AL., CONG. RESEARCH SERv., THE 2014 Farm Birr (PL.
113-79): SumMARy AND SIDE-BY-SIDE 4 (2014) (R43076).

217. See, e.g., lowa Secretary of Agriculture Bill Northey on crop insurance:
“Farmers rely on crop insurance as an important safety net and protection
from devastating losses from natural disasters.” Memorandum from Bill
Northey, Iowa Secretary of Agriculture, to Iowa Reporters and Editors (Oct.
28, 2015) (on file with authors).

218. Dennis SHIELDS, CONG. RESEARCH SERv., FEDERAL CROP INSURANCE:
BackGrOUND 2 (2015) (R40532).

219. Have Access Improvements to the Federal Crop Insurance Program Gone Far
Enough?, NAT’L SUSTAINABLE AGRIC. COALITION, July 28, 2016, http://sus-
tainableagriculture.net/blog/crop-insurance-access-data/.

220. Id.

221. DaNIEL SUMNER & CARL Zuraur, CouNciL oN Foobp, AGRic. & REs.
Econ., Economic & ENVIRONMENTAL EFFECTS OF AGRICULTURAL INSUR-
ANCE PrROGRAMS 10-12 (2012).

222. See Chad G. Marzen & J. Grant Ballard, Climate Change and Federal Crop
Insurance, 43 ENvTL. AFF. 387, 398 (2016).
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area are unlikely to be familiar.**® Crop insurance require-
ments discourage climate adaptation and mitigation, while
incentivizing practices that “increase vulnerability to cli-
mate change.”?**

In 2015, RMA began allowing organic farmers to use
opinions from organic agriculture experts outside of their
immediate geographic area.”” In part due to this change,
the amount of organic acreage enrolled in crop insurance,
while still small, increased by 34% during the first year of
the new policy.””® RMA should likewise create a new stan-
dard for carbon farming—a scientifically sound sustainable
farming system—that would allow farmers to use carbon
farming experts outside of their immediate area, while
encouraging agricultural experts to take climate change into
account when assessing “good farming practices.”

Current RMA guidelines also hinder beneficiaries
from using cover crops.*”” While the agency has made it
easier to adopt practices promoted by NRCS, including
cover cropping,”*® it needs to eliminate remaining barri-
ers to cover cropping. RMA should also conduct outreach
encouraging the practice in order to dispel the widespread
fear that it interferes with crop insurance coverage.

Second, publicly funded crop insurance policies should
treat carbon-intensive practices as risk-enhancing and
reduce or eliminate their premium subsidies accordingly.”’
In fact, the Federal Crop Insurance Corporation (FCIC)

223. The most recent version of RMA’s Good Farming Practices Handbook, re-
leased in December 2015, included some important changes. For the first
time, RMA states that practices promoted by USDA's NRCS will generally
be recognized by agricultural experts as “good farming practices.” RMA,
USDA, Goop FARMING PRACTICE DETERMINATION STANDARDS HaND-
BOOK 33 (2016). This could make it much easier for farmers with crop
insurance to adopt climate-friendly NRCS practices, since they are often de-
terred from doing so by the good farming practices requirement. However,
the handbook considerably weakens the new provision by giving insurance
companies the power to prohibit certain practices through the terms and
conditions of their policies, and by indicating that both RMA and insur-
ance companies may prohibit practices that do not maximize yields. Unified
Support for Conservation as Good Farming Practice Needed ar USDA, Nar'L
SusTAINABLE AGRIC. CoALITION, Dec. 16, 2016, http://sustainableagricul-
ture.net/blog/gfp-updated-at-rma/.

224. U.S. Gov't AccountasiLity Orrick (GAO), CLiMATE CHANGE: BETTER
MANAGEMENT OF ExPOSURE TO POTENTIAL FUTURE LossEs Is NEEDED FOR
FeDERAL FLOOD AND CrOP INSURANCE 24 (2014) (GAO-15-28).

225.7 C.ER. §457.8 (2015); RMA, supra note 223, at 32.

226. Calculated by the authors using USDA data. Compare RMA, USDA, Fep-
ERAL CROP INSURANCE SUMMARY OF BUsSINESs FOR ORGANIC PRODUCTION
2 (2015) (showing 777,966 organic acres enrolled in federal crop insur-
ance in 2014), with RMA, USDA, FEDERAL CROP INSURANCE SUMMARY OF
Business FOR OrGaNIC ProbuCTION 2 (2016) (showing 1,043,403 organic
acres enrolled in federal crop insurance in 2015).

227. See, e.g., Todd Neeley, Grassley Asks Vilsack to Fix Crop Insurance, Cover Crops
Glitches, DTN/ PROGRESSIVE FARMER, June 28, 2016. A 2015 survey found
that the most commonly cited reason among farmers for not adopting cover
cropping was the concern that doing so would interfere with crop insurance.
John Dobberstein, Crop Insurance Rules Still Hinder Cover Crop Adoption,
No-Tirr FARMER, Oct. 14, 2015.

228. USDA also established an interagency working group with NRCS, RMA,
and the Farm Security Administration to “develop consistent, simple, and
flexible policy” on cover crop practices, making it easier for operators to
plant cover crops in accordance with federal rules. See RMA, USDA, NRCS
Cover CroP TERMINATION GUIDELINES 1 (2014).

229. See CraiRe O’CoNNOR, NaTturaL Res. Der. CouNciL, Soi. MATTERS:
How THE FEDERAL CROP INSURANCE PROGRAM SHOULD BE REFORMED
1O ENCOURAGE Low-Risk FarmingG METHODS WiTH HiGH-REWARD EN-
VIRONMENTAL OuTtcomes 10 (2013).
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may be compelled to consider the climate impact of prac-
tices when establishing policies and premiums. Congress
requires the FCIC to adopt rates and policies “that will
improve the actuarial soundness” of its insurance opera-
tions.”*® Encouraging practices that both reduce climate
change and make farms more resilient to it will clearly
make the program more actuarially sound. FCIC regula-
tions also require it to seek RMA’s assessment as to whether
insurance policies and premiums are “consistent with
USDA’s policy goals” when reviewing them.! If the plan
or premium under review is not consistent with USDA’s
policy goals, then the FCIC may reject it.*

2.  Commodity Programs

The commodities title of the 2014 Farm Bill replaced direct
payments to farmers with two new programs, Agricultural
Risk Coverage (ARC) and Price Loss Coverage (PLC),*?
which distribute more than $4 billion each year.?** These
programs supplement crop insurance for specified com-
modities, such as wheat, corn, sorghum, and rice, by
enhancing price or revenue protection for producers.””
Unlike crop insurance, ARC and PLC payments are gener-
ally made according to historical plantings, or “base acres,”
rather than planted acres.”*® This gives producers greater
flexibility in their planting decisions since they can try new
crops or use crop rotations while still receiving payments
based on historic crop allocations.

In order to receive ARC or PLC payments, farm owners
must agree to not grow crops on highly erodible land with-
out a conservation plan or on unconverted wetlands under
any circumstances due to statutory conservation compli-
ance requirements. Under §9018 of the agriculture title,
farmers must “otherwise maintain the land in accordance
with sound agricultural practices,” which are determined
at the discretion of the Secretary of Agriculture.”” Con-
gress authorized USDA to issue rules “the Secretary con-
siders necessary to ensure producer compliance” with these
requirements.”*® This appears to give USDA the author-
ity to require farmers to implement mitigation strategies
in order to receive commodity payments. USDA should
require farmers receiving commodity payments to adopt
cost-effective climate-friendly practices. These require-
ments could be instituted slowly, ensuring that farmers
have time to adapt.

3.  Conservation Payments

This section examines USDA’s three largest conservation
programs, recommending both executive and legislative

230. 7 U.S.C. §1508(i)(1).

231. 7 C.ER. §400.706(b)(4) (2016).

232. Id. §400.706(h)(5) (2016).

233. See generally Agricultural Act of 2014, Pub. L. No. 113-79, 128 Stat. 649.
234. CHITE ET AL., supra note 216.

235. Id. at 6.

236. Id. at 7.

237.7 U.S.C. §9018(a)(1).

238. Id. §9018(a)(2). The agency has not yet used this authority.
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actions that would ensure they more effectively address cli-
mate change. The 2014 Farm Bill allocated approximately
$5.8 billion annually to conservation programs, primarily
the Conservation Reserve Program (CRP), the Environ-
mental Quality Incentives Program (EQIP), and the Con-
servation Stewardship Program (CSP).**

Q  Conservation Reserve Program. Under the 2014 Farm
Bill, 37% of conservation spending went to the CRP, which
pays farmers to take environmentally sensitive land out of
agricultural production for 10-15 years. Approximately
24 million acres were enrolled in the program in 2016.2%
USDA estimated that the CRP sequestered more than 43
million metric tons of carbon dioxide equivalent in 2014,
about 7% of agriculture’s greenhouse gas emissions.! If
accurate, this would translate into about 1.8 metric tons of
carbon dioxide sequestered per acre.**?

The CRP’s advertised climate benefits are often tempo-
rary, however. After their CRP contract has expired, many
producers bring their CRP acres back into production,
quickly releasing any carbon stored during the term of the
contract.””® Between 2006 and 2014, for example, an esti-
mated 14 million acres previously protected by the CRP
were returned to agricultural production.?*

While the CRP is popular, funding for it was reduced
in the 2014 Farm Bill. Congress should both restore some
of the reduced funding and reform the program to pro-
vide sustained climate benefits by offering farmers 30-year
agreements or permanent easements to protect environ-
mentally sensitive land.** There have been proposals to
expand certain productive activities on CRP land in order
to increase interest in the program?%®; Congress should con-
sider this only for activities with proven climate benefits.

Congress should also increase funding for the Con-
servation Reserve Enhancement Program (CREP), which

239. USDA Econ. Research Serv., Conservation Programs—DBackground, https://
www.ers.usda.gov/topics/natural-resources-environment/conservation-pro-
grams/background.aspx (last updated Oct. 17, 2016).

240. Press Release, USDA, USDA Announces Conservation Reserve Program
Results (May 5, 2016).

241. USDA, Farm SERVICE AGENCY STRATEGIC PLAN: FiscarL YEar 2016-2018
Uprpatk 25 & 28.

242. In contrast, a 2009 literature review of carbon sequestration rates on CRP
acres estimated that they sequester slightly less than one metric ton CO, eq.
per acre annually. Gervasio Pifeiro et al., Se-Asides Can Be Better Climate
Investment Than Corn Ethanol, 19 EcOLOGICAL APPLICATIONS 277, 279
(2009).

243. SoreN RunpqQuistT & Craic Cox, ExvrL. WorkiNng Grour, FooLiNG
OursELvEs: EXecuTive SumMmary (2016) (finding that CRP water quality
benefits were counteracted by losses from farmers exiting the program); Ty-
ler Lark et al., Cropland Expansion Outpaces Agricultural and Biofuel Policies
in the United States, 10 ENvTL. Res. LETTERs 9 (2015) (finding that up to
42% of all land converted to cropland came from land exiting the CRP).
Wetland acreage protected by the CRP still has climate benefits, however,
since the annual methane emissions while in the program are not lost if the
land is converted back into production.

244, CraiG Cox ET AL., ENvTL. WORKING GROUP, PARADISE LosT: CONSERVA-
TION PROGRAMS FALTER As AGRICULTURAL EcoNomy Boowms 4 (2013).
245. See id. at 4-5; USDA Freezes New Enrollments in Continuous Conservation
Reserve Program, NAT'L SUSTAINABLE AGRIC. COALITION, May 4, 2017,

http://sustainableagriculture.net/blog/usda-freezes-ccrp-enrollment/.

246. See, e.g., Press Release, Senator John Thune, Thune Farm Bill Proposals
Would Improve Conservation Program Management (Apr. 10, 2017) (on
file with authors).
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gives farmers higher payments for participating in targeted
conservation efforts organized by state and local officials.*”
Due to its higher annual payments, which are on average
almost three times as high as general CRP payments,**®
the CREP has remained popular with farmers even when
increasing commodity prices have reduced acreage reen-
rollment in the CRP overall.*¥

Q  Environmental Quality Incentives Program. Receiving
about 29% of conservation spending, the EQIP provides
farmers with funding and technical assistance for conser-
vation practices. The EQIP is managed by NRCS, which
was established by Congress in 1936 to reduce “the wastage
of soil and moisture resources on farm, grazing, and forest
lands.”»" Congress has authorized NRCS to pay producers
up to 75% of the costs associated with the development
and implementation of a new conservation practice and/or
100% of the income foregone by the producer as a result of
a new practice.”

Funding decisions are made through a process that com-
bines national, state, and local priorities. National priorities
are determined by NRCS in accordance with the program’s
statutory guidelines, which include soil health and nutri-
ent management. State priorities are set by the head NRCS
administrator of each state in consultation with stakehold-
ers, while local priorities are set by “local working groups,”
usually consisting of stakeholders such as conventional pro-
ducers and industry representatives. As a result, the process
can disadvantage applications for truly innovative and sus-
tainable practices. Congress or NRCS should require greater
representation of sustainable farming approaches.

Advocates have also criticized NRCS for subsidizing
large-scale, environmentally harmful operations through
the EQIP.*? Since its inception in 1997, more than $1.6
billion has gone to support irrigation systems through the
EQIP, making it the most well-funded set of practices
financed by the program.”’ Instead of conserving water,
however, support for efficient irrigation systems often leads
to land conversion and increased water usage as farmers use
their savings to expand irrigated crop production, switch to
more water-intensive crops, or both.”>* NRCS should pri-
oritize making existing irrigation systems more efficient.

247. See Digging Deeper Into Continuous CRP Enrollments, NAT'L SUSTAINABLE
Acric. CoALITION, Mar. 24, 2015, http://sustainableagriculture.net/blog/
ccrp-enrollment-2015/; Cox ET AL., supra note 244.

248. States provide additional funding for the CREP, bringing the average yearly
CREP payments to $140 per acre. In contrast, general sign-up payments are
$51 per acre. Digging Deeper Into Continuous CRP Enrollments, supra note
247.

249. Cox ET AL., supra note 244.

250. 16 U.S.C. §590a. The agency was originally called the Soil Conservation
Service, but was renamed in 1994.

251. Id. §3839aa-2(d)(2).

252. Andrew Martin, In the Farm Bill, a Creature From the Black Lagoon?,
N.Y. Times, Jan. 13, 2008 (suggesting that the program’s name should be
changed to the “Factory Farm Incentive Program”), http://www.nytimes.
com/2008/01/13/business/13feed.html.

253. ENvTL. WoRKING GROUP, ENVIRONMENTAL QUALITY INCENTIVES PROGRAM
(EQIP) Pracrice Surte PayMENTS IN THE UNITED STATES, 1997-2015.

254. Frank Ward & Manuel Pulido-Velazquez, Water Conservation in Irriga-
tion Can Increase Water Use, 105 Proc. Nar’'L Acap. Sci. U.S. Am. 18215
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https://conservation.ewg.org/eqip_practice_suite.php?fips=00000&regionname=theUnitedStates
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Similarly, waste storage facilities for concentrated ani-
mal facilities received a larger share of payments than any
other single practice.”” While some waste management
systems, such as anaerobic digesters, can be highly effec-
tive at reducing feedlot emissions, sustainable agriculture
and environmental justice groups have been highly critical
of government efforts to finance them. Even if digesters
reduce feedlot emissions, they argue, CAFOs are still bad
for the environment, animal welfare, and rural commu-
nities.”® As noted above, pasture-based systems, in con-
trast, lead to aerobic decomposition and much lower rates
of methane production.

With capital costs often exceeding $1 million, anaero-
bic digesters are also beyond the price range of most dairy
farmers in the United States. According to EPA, digestion
systems are generally not economically viable for operations
with fewer than 500 cows, even with current cost-sharing
programs.”” This significantly limits their use—more than
90% of dairy farms in the United States have fewer than
500 cows, accounting for 40% of all dairy cows in the
country.”® Of these, many do not use liquid manure sys-
tems. However, the largest 10% of dairies—which account
for 60% of the dairy cow population—could more feasi-
bly be required to install digesters. Rather than subsidize
concentrated animal facilities with EQIP funds, USDA or
EPA should consider imposing regulatory methane emis-
sions limits, which could drive most large-scale operations
to install digesters.

Congress and USDA should redirect EQIP funds, to the
extent possible, to support farms and ranches working to
significantly reduce emissions or sequester carbon. While
Congress should eliminate payments to environmentally
harmful operations through legislative action, the agency
can—and should—eliminate or reduce these payments
before Congress acts. Several rural, environmental, and
family farming organizations have called for the EQIP’s
payment cap to be lowered or to disallow payments to
large-scale AFOs. >’

NRCS itself has significant leeway in determining
which practices are prioritized and can set aside consid-
erable funding for carbon farming practices. The agency’s
Organic Initiative provides an instructive example for how

(2008); Lisa Pfeiffer & C.-Y. Cynthia Lin, Does Efficient Irrigation Tech-
nology Lead to Reduced Groundwater Extraction? Empirical Evidence, 67 ].
EnvrL. Econ. MaMT. 189 (2014).

255. Melissa Bailey & Kathleen Merrigan, Rating Sustainability: An Opinion
Survey of National Conservation Practices Funded Through the Environmental
Quality Incentives Program, 65 J. SOIL & WATER CONSERVATION 21A, 23A
(2010).

256. CAFOs and Cover Crops: A Closer Look at 2015 EQIP Dollars, NAT'L Sus-
TAINABLE AGRIC. CoALrTiON, Nov. 20, 2015, http://sustainableagriculture.
net/blog/fy15-general-eqip-update/.

257.U.S. EPA, AgSTAR—Is Anaerobic Digestion Right for Your Farm?, https://
www.epa.gov/agstar/anaerobic-digestion-right-your-farm (last updated June
8, 2017).

258. Nar'L AGric. Statistics SErv., USDA, 2012 Census oF AGric., U.S. Na-
TIONAL LEVEL Data 21 tbl. 17.

259. In 2007, for example, a coalition of 26 organizations called on Congress to
prohibit funding for AFOs with more than 1,000 animals. Letter from the
Campaign for Family Farms and the Environment et al., to the Senate (May
8, 2007).
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this might be accomplished. In the early 2000s, many
organic producers were concerned that the program’s reli-
ance on local administrators and the high demand for EQIP
funding from conventional producers disadvantaged appli-
cants seeking funding for organic practices. In response,
Congress in the 2008 Farm Bill required the agency to set
aside EQIP funds specifically to assist organic producers or
producers transitioning to organic production.**

Producers applying for funds from the program, the
Organic Initiative, are eligible for up to $20,000 per year
and $80,000 over six years. Farmers can still apply to the
general funding pool for larger amounts, but the Organic
Initiative ensures that a pool of money is set aside for
organic practices each year. NRCS should create a similar
pool to support carbon farming. Even 10% of the EQIP’s
total funding, $86 million, would significantly boost pow-
erful sequestration methods, while advancing the EQIP’s
statutory priorities.

Q  Conservation Stewardship Program. NRCS also admin-
isters the CSP, which pays farmers to improve, maintain,
or adopt conservation practices on their farms. Farmers are
paid annually under a five-year contract with the option
to renew for an additional five years if they agree to adopt
additional conservation objectives.” The agency revised
the CSP in fall 2016 by, among other things, offering
farmers 67 new practices that will be eligible for funding
through the program, including “planting for high carbon
sequestration rate.”>*?

Like the EQIP, the CSP has the statutory authority to
prioritize low-carbon practices and to create a funding pool
for farmers transitioning to, or practicing, carbon farm-
ing.?® NRCS should follow up on its planned revisions
by doing both as quickly as possible. Congress should also
expand funding for the CSP in upcoming farm bills by
raising the average payment rate per acre that is authorized
for the program to ensure higher-level conservation activi-
ties can be appropriately rewarded. In particular, climate-
beneficial activities like resource-conserving crop rotations
should be prioritized and receive a higher, supplemental
payment to reflect the high-level environmental benefits of
those practices.

4. Conservation Easements

Conservation easements are legal agreements between a
landowner and a third party—usually a land trust or a gov-
ernment agency—that are designed to permanently restrict
the use of the land. The restrictions commonly protect
natural areas or resources, such as wildlife habitats or water
quality, but they are also increasingly being used to preserve
farmland and prevent it from being converted to non-farm

260. 16 U.S.C. §3839aa-2(i).

261.7 C.ER. §1470.26 (2016).

262. News Release, USDA NRCS, USDA Announces Changes for Largest Con-
servation Program (Sept. 1, 2016); Marc Heller, Revamps to Conservation
Program Boost Options for Farmers, GREENWIRE, Sept. 2, 2016.

263. 16 U.S.C. §3838g.
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uses. As of 2012, farmland owners had protected more than
13 million acres from development through conservation
easements.”** Agricultural easements, which protect agricul-
tural land from development, can also have important cli-
mate benefits since even conventional farms generally have
much lower emissions than developed land. An analysis of
emissions in California’s Central Valley, for example, found
that emission rates on urbanized land were 70 times higher
than emissions on an equivalent area of irrigated cropland.*®

USDA conservation easements have preserved more than
four million acres of farmland and environmentally sensi-
tive lands.?*® Conservation easements that protect wetlands
and other environmentally sensitive land from being con-
verted to farmland offer substantial climate benefits and
should be expanded. The Environmental Working Group,
for instance, estimates that the conversion of wetlands to
farmland between 2008 and 2012 resulted in greenhouse
gas emissions totaling 25-74 million metric tons of carbon
dioxide equivalent annually*—the equivalent of adding
five to 15 million cars to the road each year.?*®

The 2014 Farm Bill consolidated USDA’s three exist-
ing easement programs into the Agricultural Conservation
Easement Program (ACEP).?® For permanent wetland
easements, NRCS pays farm owners the lowest of the fair
market value of the land or an offer made by the farm own-
er.””? Alternatively, farm owners can apply for “long-term”
wetland easements, which typically run for 30 years, and
provide 50-75% of the compensation due to an equivalent
permanent easement.””! For agricultural land easements,
which protect working agricultural land, NRCS generally
pays farm owners up to 50% of the fair market value of the
easement, although NRCS may contribute up to 75% of
the fair market value of an easement protecting grasslands
of “special environmental significance.”*’*

The ACEP receives slightly more than one-half of the
funding of its predecessor programs—about $368 mil-
lion annually.?”? Congress should substantially expand
the ACEP and ensure that protecting environmentally
sensitive lands that provide the greatest climate benefits is
among the program’s priorities. Wetlands, for example, are
estimated to emit between 405 and 1,215 metric tons of
carbon dioxide equivalent per acre when converted to agri-

264. NAT'L AGRIC. STATISTICS SERV., supra note 258, at 50 tbl. 50.

265. CaL. ENergy CoMmM'N CLiMATE CHANGE CtR., U.C. DAvIS, ADAPTATION
STRATEGIES FOR AGRICULTURAL SUSTAINABILITY IN YoLo County, CALI-
FORNIA 106 (2012).

266. Nat'l Sustainable Agric. Coal., Agriculture Conservation Easement Program,
http://sustainableagriculture.net/publications/grassrootsguide/conservation-
environment/agricultural-conservation-easement-program/ (last updated
Oct. 2016).

267. EmiLy Cassipy, ENvrL. WoORKING GrouP, ETHANOLS BROKEN PROMISE:
UsinGg Less Corn ErHanoL Repucks GREENHOUSE Gas Emissions 4
(Nils Bruzelius ed., 2014).

268. Calculated by the authors using EPA estimates for passenger vehicle emis-
sions. See EPA, supra note 209.

269. 16 U.S.C. §3865.

270. Id. §3865c(b)(6)(a)(i).

271. Id. §3865¢(b)(6)(a)(ii).

272. Id. §3865b(2).

273.7 C.ER. §1468 (2016); see also Bradley Lubben & James Pease, Conserva-
tion and the Agricultural Act of 2014, 29 Cuoices 1 (2014).
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cultural land.””* The program should also be expanded to
allow for easements on additional types of environmentally
sensitive land, allowing USDA to protect terrestrial carbon
pools in a wider variety of ecosystems.?”

5. Conservation Compliance Requirements

Producers enrolled in a number of federal farm programs
are prohibited from producing agricultural products on
highly erodible land without a conservation plan*® or on
unconverted wetlands under any circumstances.”’”” These
requirements apply to the crop insurance program, each of
the conservation programs, as well as many of the smaller
programs administered by the Farm Service Agency and
NRCS. They offer potentially important climate benefits
since conventional farming on highly erodible land and
wetlands results in significant greenhouse gas emissions.””®
Despite their clear environmental benefits, however, the
agency has failed to consistently enforce these conservation
requirements.”’”? A 2016 USDA Office of Inspector Gen-
eral report, for example, found that the agency’s auditing
process had completely bypassed at least 10 states in 2015,
apparently in error.?*

At a minimum, USDA should vigorously enforce the
farm bill’s current conservation compliance provisions,
withholding benefits from farmers that fail to meet their
requirements. Since compliance is often relatively easy to
determine visually, including by satellite, USDA should
be able to increase inspections at little additional cost. If
USDA fails to do so, Congress should shift enforcement
responsibility to EPA, while also enabling states, locali-
ties, and citizens to enforce the requirements, as is possible
under most federal environmental statutes.?®!

Congress should also extend the conservation compli-
ance requirement to farm programs that are not currently
covered by the requirement, ensuring that all producers
who receive federal subsidies are not causing significant
environmental harm. In addition, Congress should expand

274. Richard Plevin et al., Greenhouse Gas Emissions From Biofuels’ Indirect Land
Use Change Are Uncertain but May Be Much Greater Than Previously Esti-
mated, 44 EnvTL. Sc1. & TecH. 8018 (2010).

275. See Todd Neeley, Conservation Controversy, DTN/ PROGRESSIVE FARM-
ER, Oct. 17, 2016, https://www.dinpf.com/agriculture/web/ag/news/
business-inputs/article/2016/10/17/ewg-voluntary-conservation-programs.

276.16 U.S.C. §§3811-3812.

277. Id. §3821. Wetlands drained or filled before December 23, 1985, are not
protected. /4. §3822(b)(1)(A).

278. As mentioned above, wetlands are estimated to emit between 405 and 1,215
metric tons of CO, eq. per acre when converted to agricultural land. Plevin
et al., supra note 274.
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System Reform to Ensure a Food Secure Future, 42 Corum. J. EnvrrL. L. 59,
96-102 (2016).

280. USDA Orrice ofF InspEcTOrR GEN., USDA MonrTorING OF HiGHLY
ERODIBLE LAND AND WETLAND CONSERVATION VIOLATIONS—INTERIM RE-
PORT 3 (2016) (Audit Rep. 50601-0005-31); see Ristino & Steier, supra note
279, at 97.

281. Most federal environmental statutes empower citizens to enforce compli-
ance through citizen suit provisions, which have proven to be among the
most effective methods available for holding regulatory subjects and gov-
ernment agencies accountable. Joshua Ulan Galperin, Zrust Me I'm a Prag-
matist: A Partially Pragmatic Critique of Pragmatic Activism, 42 CorLum. J.
EnvrL. L. 426, 487 (2017).
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the required practices to include those that protect soil car-
bon and water. For example, requiring buffer zones around
streams or, where appropriate, cover crops, would have sig-
nificant climate benefits and co-benefits such as improved
soil health, nutrient cycling, pest regulation, and crop pro-
ductivity.?®? Requiring farm operations to adhere to basic
climate-friendly practices in order to receive government
benefits would be a cost-effective, quick, and fair way to
catalyze widespread change.

6.  Renewable Fuel Standard Grassland
Conservation Compliance

In the United States in 2017, close to 30 million acres of
corn were grown as feedstock for ethanol.?®® Yet, the pur-
ported climate change benefits of corn ethanol are widely
disputed and modest at best. Ideally, Congress should
reform the RES to support only those biofuels with signifi-
cant climate benefits.

Conversion of native ecosystems for cultivation releases
vast amounts of carbon dioxide. A 2008 study found that
converting forest, grassland, or peatland for biofuel pro-
duction can release 17-420 times more carbon dioxide than
the annual greenhouse gas reductions these biofuels would
provide by replacing fossil fuels.?®* To prevent this conver-
sion of natural ecosystems, Congress in 2007 revised the
2005 RES to exclude crops “harvested from land cleared or
cultivated” after December 19, 2007, from its definition of
“renewable biomass.”*%

EPA regulations implementing this provision, however,
have rendered it meaningless. Though EPA’s proposed rule
required crop producers to comply with recordkeeping
requirements to verify that feedstocks met Congress” defi-
nition, the Agency then worked with USDA to write a final
rule that differed significantly from that proposal. In the
final rule, the Agency adopted an “aggregate compliance”
approach that instead deems all producers compliant with
the standard as long as the net land area used for agricul-
ture in the United States does not exceed its 2007 level
of 402 million acres.?®® This approach has demonstrably
failed to prevent significant land conversion, with satellite
data analysis estimating that 4.2 million acres of land have
been converted to agriculture for biofuel production since
the adoption of the standard.?®’

282. Meagan Shipanski et al., A Framework for Evaluating Ecosystem Services Pro-
vided by Cover Crops in Agroecosystems, 125 AGric. Sys. 12, 13 (2014).

283. This figure was estimated for MY 2015/2016 as the proportion of 88 mil-
lion acres planted to corn equal to the proportion of corn production used
for ethanol for fuel. In that year, 43% of the corn supply was used for etha-
nol for fuel, and 88% of the corn supply was produced in the same year (88
million x 0.43 x 0.88 = 33 million). All data were obtained from USDA
Econ. Research Serv., Feed Grains: Yearbook Tables, https://www.ers.usda.
gov/data-products/feed-grains-database/feed-grains-yearbook-tables  (last
updated July 18, 2017).

284. Joseph Fargione et al., Land Clearing and the Biofuel Carbon Debt, 319 Sci-
ENCE 1235, 1235 (2008).

285.42 U.S.C. §7545.

286. 40 C.ER. §80.1454(g) (2016).

287. Christopher K. Wright, Recent Grassland Losses Are Concentrated Around
U.S. Ethanol Refineries, 12 ENvTL. Res. LETTERS 1 (2017).
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This “aggregate compliance” approach is also facially
ineffective as millions of acres of agricultural land are con-
verted each year for many reasons, such as urban develop-
ment, roads, or energy production. Thus, an overall cap
cannot prevent conversion. EPA should repeal the “aggre-
gate compliance” standard and replace it with a mandate
to demonstrate feedstock was produced on land cleared

before December 7, 2007.

7.  Transforming the Farm Safety Net
Through Legislative Action

The federal government radically transformed the farm
sector in the 1930s through a series of laws that created a
robust system of subsidies for commodity crop production,
and provided for an ambitious set of new research and loan
programs.”*® This flurry of legislation saved countless farms
from bankruptcy during the Great Depression, but it also
led to the rapid expansion of large-scale, capital-intensive
farms and feedlots,”® with scant concern for agriculture’s
environmental and social impacts. This policy shift was
accompanied by significant technological change and
mechanization as well.??° These laws have since been modi-
fied, but their basic framework persists today—as does
their emphasis on the large-scale production of commod-
ity crops and meat.

Agricultural law is long overdue for another transforma-
tion for a number of reasons, including the need to incor-
porate climate stability and resilience as a major goal. The
new framework must recognize that the agricultural sec-
tor is now vastly different than it was when the laws were
first shaped. It has evolved from a diversified and labor-
intensive enterprise to a capital-intensive, specialized, and
heavily mechanized operation, typically conducted on a
massive scale.””’ The pastoral “family farm”—which has
always been more myth than reality—is of little relevance
to today’s agricultural industry: 80% of food is produced
by only 7% of farms and only 43% of farms earn a gross
income of $10,000 or more.?*?

Environmental laws typically exempt (or have been
interpreted to exempt) most aspects of agricultural pro-
duction from pollution limits and other safeguards. These
exemptions are sometimes presented as protecting small

288. By 1935, USDA’s budget had expanded 12-fold from pre-Depression levels,
making it the single largest agency in the United States. ERNEsT C. Pasour
JR., AGRICULTURE AND THE STATE: MARKET PROCESSES AND BUREAUCRA-
cy 235 (1990). Puaiiie D. WinTERs, CONG. RESEARCH SERV., FEDERAL
SPENDING BY AGENCY AND BubpGer Funcrion, FY2001-FY2005, at 10
(2006) (RL 33228).

289. Nathan A. Rosenberg & Bryce Wilson Stucki, 7he Butz Stops Here: Why the
Food Movement Needs to Rethink Agricultural History, 13 J. Foop L. & PoL’y
12, 13-14 (2017).

290. The benefits of technological changes and mechanization were dispropor-
tionately distributed to large-scale landowners as the result of highly favor-
able federal programs. /4. at 20-21.

291. CarOLYN DimrITRI ET AL., ECON. RESEARCH SERv., USDA, TE 20TH CEN-
TURY TRANSFORMATION OF U.S. AGRICULTURE AND Farm Poricy (2005)
(EIB-3).

292. Calculated by the authors using USDA data. See NAT’L AGRIC. STATISTICS
SERV., supra note 258, at 9 tbl. 2.
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and mid-sized farms, but they often instead externalize the
costs of large-scale, capital-intensive operations. The new
framework should further recognize that industrial agri-
culture is now the largest source of water quality impair-
ments, a major source of air pollution,”® and a driver for
much degradation of natural resources. This pollution
often threatens human health, as do the predominant
crops grown and subsidized—about 60% of federal farm
subsidies support corn, soy, and wheat, which are often
processed into less healthy foods.

As climate change intensifies, the need for programs
designed around a different set of goals will become even
more pressing. Instead of serving to expand the capital-
intensive production of commodities, the farm safety net
should directly compensate farmers for protecting the
environment, mitigating climate change, growing healthy
food, and strengthening rural communities.”* As demon-
strated above, USDA has significant leeway under current
law to revise programs and move agriculture toward, and
even to, carbon neutrality. However, a system providing for
robust payments for ecosystem services could help realize
this goal more quickly and efficiently than the current farm
safety net, even with the changes recommended above.

Ecosystem services are benefits that humans derive from
ecological resources such as farms, including food, carbon
sequestration, wildlife habitat, and recreational enjoyment,
among others.?”” A payments-for-ecosystem-services (PES)
program is one that provides incentives to farmers or other
landowners for provisioning such services. A 2014 study
examining the societal value of soil carbon determined that
farmers should be compensated at a rate of $16 an acre
for implementing best management practices.”” It would
cost less than $15 billion annually to implement a PES pro-
gram at this rate for all 914 million acres of farmland in
the United States—billions less than we currently spend
on crop insurance, commodity, and conservation programs
each year.

Carbon farming will require new infrastructure and
equipment, both off and on the farm. Paying farmers for
implementing climate-friendly practices will facilitate this
transition, helping to offset decades of experience and sunk
costs in conventional agricultural practices. Reducing the
waste that runs through the entire agriculture and food
system would provide ample land and resources for a PES

293. See D. BRuce HaRRis ET AL., OFFICE OF RESEARCH & DEv., U.S. EPA, Am-
MONIA EMissioN Factors FrRom SwiNe Finisaing Operations 1 (2001)
(noting that livestock facilities are responsible for 73% of ammonia emis-
sions). See generally Dick Heederik et al., Health Effects of Airborne Exposures
From Concentrated Animal Feeding Operations, 115 ENvTL. HEALTH PERSP.
298 (2007) (summarizing research on toxic gases, vapors, and particles
emitted from CAFOs).

294. See Alison Power, Ecosystem Services and Agriculture: Tradeoffs and Synergies,
365 PHiL. TransacTiONs RovaL Soc’y B, 2959, 2966-67 (2010) (noting
that farm management can considerably enhance the ecosystem services
provided by agriculture).

295. J.B. Ruhl, Agriculture and Payments for Ecosystem Services in the Era of Cli-
mate Change, in RESEARCH HANDBOOK ON CLIMATE CHANGE AND AGRI-
CULTURAL Law 315-16 (Mary Jane Angelo & Anél Du Plessis eds., Edward
Elgar 2017).

296. Rattan Lal, Societal Value of Carbon, 69 J. SoiL & WATER CONSERVATION
186A, 190A (2014).
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system.””” Replacing a portion of the current farm safety net
with a PES program would reduce or eliminate payments
for crops with high climate impacts, especially those grown
for animal feed, while increasing payments for crops with
lower climate impacts, thus helping to make healthy food
more affordable. Adopting a progressive payment system
could also help small and mid-sized farms, thus increasing
the economic well-being of rural communities, and reduce
costs. Limiting payments to the first 1,000 acres of a farm,
for example, would reduce the number of eligible acres by
more than one-half.

A PES approach has the advantages of fostering trans-
parency, using market mechanisms to achieve clearly artic-
ulated goals, and increasing efficiency. Congress should
reform the farm safety net as soon as possible to shift to
greater reliance on payments based on provision of what
the country now needs most—climate stabilization and a
healthier environment. In so doing, Congress would also
be supporting a substantially more transparent, equitable,
and sustainable agricultural system.

C.  Trade Policy

Exports have played an increasingly important role in
the domestic production of agricultural goods in recent
years, accounting for roughly 20% of U.S. agricultural
production by volume. Commodities such as cotton, rice,
soybeans, and wheat generally have much higher export
rates, often relying on foreign markets for the majority of
their sales.*”®

Title I1I of the 2014 Farm Bill funds programs to assist
industry efforts to expand market demand for U.S. agri-
cultural products abroad. The federal government spends
approximately $5.5 billion on these programs annually,”
although this may increase in future years as agribusiness
groups have increasingly focused on expanding export
markets.*®® Congress should integrate climate concerns
into agricultural trade policy, mandating that USDA and
other government agencies focus on developing markets
for climate-friendly products and discontinue support for
carbon-intensive commodities.

D.  Tax Policy

While many aspects of tax policy may influence farming or
ranching decisions, just as they can affect the decisions of
any business, most are too complicated, indirect, or uncer-
tain to allow generalizations as to how they would effec-
tuate climate-friendly practices. However, there are a few

297. See Peter Lehner, Feed More With Less, 34 ExvrL. E 42 (2017).

298. USDA Econ. Research Serv., Exports Expand Market for U.S. Agricultural
Products, https:/ [www.ers.usda.gov/data-products/chart-gallery/gallery/chart-
detail/?chartld=58396 (last updated Apr. 11, 2016).

299. Mark A. McMinimy, CoNG. REes. SErv., R43696, AGriCULTURAL Ex-
PORTS AND 2014 Farm BirL PROGRAMS: BACKGROUND AND Issugs 14 tbl. 6
(2014).

300. Press Release, USDA, Secretary Perdue Announces Creation of Under-
secretary of Trade and USDA Reorganization (May 11, 2014) (on file

with authors).
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direct taxing approaches that would be effective in enhanc-
ing climate-friendly practices.

‘The majority of agricultural emissions are from nitrous
oxide produced in soils, much of which is caused by the
application of nitrogen fertilizer. Since most producers
routinely apply excess fertilizer, federal or state legislators
should consider adopting a fertilizer fee that could both
encourage more judicious use of fertilizer and help fund
training on how to ensure no yield losses with less fertilizer
and other climate-friendly agricultural practices. Evidence
indicates that rising fertilizer prices have made farmers
examine fertilizer use more carefully.’*' A 2011 study in the
United States estimated that for every 1% increase in price
for synthetic fertilizers, demand for the product would
drop 1.87%.%% At this rate, a 10% tax on nitrogen fer-
tilizers would reduce application rates by 2.4 million tons
annually,’” and result in hundreds of millions of dollars
of revenue, while having an insignificant effect on overall
costs and prices.’*

States and local governments can also discourage car-
bon-intensive practices through taxation. Many states and
local governments currently provide significant property
tax reductions for farm owners, regardless of how large
or profitable their farm operations are.’” While protect-
ing farmland from development can have climate benefits,
states should also take farm practices into account when
assessing farmland values. Highly profitable, highly pol-
luting hog CAFOs are often eligible to receive agricultural
use exemptions, for example. States and local govern-
ments should condition tax reductions for agriculture on
the adoption of more climate-friendly practices, perhaps
targeting more stringent requirements on larger farms or
those with a larger than average carbon impact.?*

A number of federal, state, and local tax expenditures
also support conservation easements. In 2015, Congress
permanently extended an enhanced tax deduction for
landowners donating a conservation easement to a land
trust or government agency.’”’ Conservation easement

301. After fertilizer prices rose in 2006, 32% of surveyed farmers in the United
States reported reducing their fertilizer use. JaysoN BECKMAN ET AL., EcoN.
REsEARCH SERV., USDA, AGRICULTURE’S SUPPLY AND DEMAND FOR ENERGY
AND EnErGyY PropucTs 17 (2013) (EIB-112).

302. James Williamson, 7he Role of Information and Prices in the Nitrogen Fer-
tilizer Management Decision: New Evidence From the Agricultural Resource
Management Survey, 36 J. AGRIC. & RESOURCE EcoN. 552, 568 (2011).

303. A total of 12,840,000 tons of nitrogen fertilizer were applied in the United
States in 2011. Econ. ResearcH SErv., USDA, U.S. CONSUMPTION OF
NITROGEN, PHOSPHATE, AND PoTasH, 1960-2011, at 1 tbl. 1 (2013).

304. Nitrogen fertilizer prices have ranged from $351 to $847 per ton in recent
years. Id.

305. See, e.g., N.M. Star. ANN. §7-36-20 (2016). For a complete list, see Lin-
coln Inst. of Land Policy, Zax Treatment of Agricultural Property, http://
datatoolkits.lincolninst.edu/subcenters/significant-features-property-tax/
Report_Tax_Treatment_of_Agricultural_Property.aspx (last visited Aug. 1,
2017).

306. Many states have similar tax reduction programs for lands held for forest-
ry. See JANE MALME, PREFERENTIAL PROPERTY Tax TREATMENT OF LAND
9-11 (Lincoln Inst. of Land Policy, Working Paper Prod. Code WP93]JM1,
1993). Originally designed to encourage forest products industries, these
programs should also be redesigned to prioritize carbon-friendly forestry
programs and to require carbon-friendly core practices.

307. LR.C. §170(b)(1)(E) (2016).
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donations also reduce state and local tax revenues by
reducing the assessed value of the land, and in some cases,
through tax deductions and credits.’*® Thirty states allow
tax deductions for conservation easement donations,’”’
while 16 states grant tax credits, including New York and
California.*"® Federal, state, and local governments should
all consider requiring farm owners to comply with basic
climate-friendly practices, such as installing buffer strips
next to streams, in order to receive tax benefits for agricul-
tural easements.

E.  Regulatory Options

Methane and nitrous oxide are the two main direct sources
of agricultural emissions. EPA has several direct regula-
tory tools available to reduce emissions of these greenhouse
gases. These tools include recognizing the harm or “endan-
germent” caused by these pollutants and promulgating
regulatory programs to require or support their reduction.
These regulatory programs could include direct limits, pro-
hibitions on certain activities or practices known to emit
significant amounts, or increased support for known prac-
tices that reduce emissions.

Federal and state governments can also reduce green-
house gas emissions as incidental to their regulation of
water or other pollution. Programs to reduce nitrate run-
off from fields into rivers would (depending on the precise
practices incentivized) likely reduce nitrous oxide emis-
sions; programs to reduce erosion and sediment pollution
from grazing could likely increase soil carbon; and pro-
grams to change manure management could reduce meth-
ane emissions.

The CWA establishes a national pollutant discharge
elimination system (NPDES) to regulate operations that
discharge pollutants directly into waters. While most field
operations and irrigation water return flows are exempted
from direct regulation,' other agricultural operations
including CAFOs and the spreading of manure are cov-
ered.’? The law requires point source dischargers to obtain
an NPDES permit from EPA or authorized state authori-
ties in order to operate.’’® States that have been autho-
rized to act as a permitting authority may impose more
stringent requirements than the federal government.®* In
addition, the CWA requires states to develop programs
to address nonpoint source (runoff) pollution, including
agricultural sources.””

308. Gerald Korngold, Government Conservation Easements: A Means to Advance
Efficiency, Freedom From Coercion, Flexibility, and Democracy, 78 BROOK. L.
Rev. 467, 471 (2013).

309. Jerrrey O. SUNDBERG, STATE INCOME Tax CREDITS FOR CONSERVATION
EaseMENTS: DO ADDITIONAL CREDITS CREATE ADDITIONAL VALUE? 3 (Lin-
coln Land Inst. Working Paper WP11JSS1, 2011).

310. Land Trust Alliance, Income Tax Incentives for Land Conservation, https://
www.landtrustalliance.org/topics/taxes/income-tax-incentives-land-conser-
vation (last visited Aug. 1, 2017).

311.33 U.S.C. §1362(14).

312. Id.

313. Id. §1342.

314. 40 C.ER. §123.25(a) (2016).

315. Id. §130.6 (2016).
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EPA should strengthen its nationwide regulations in
ways that would reduce greenhouse gas emissions as well
as water pollution. Moreover, since states can be more
stringent than the federal government, states with NPDES
permitting authority should strengthen their programs
in similar ways. For example, NPDES programs should
clearly prohibit CAFOs from spreading manure on frozen
or saturated lands, insist on vegetated buffer zones along
water courses, limit application rates, or require dry manure
management, which can also reduce methane emissions.
Similarly, management of crop production should require
or incentivize buffer zones to reduce nitrate emissions, and
thus also nitrous oxide emissions.

Other statutes also give EPA regulatory options for
reducing agricultural greenhouse gas emissions. The most
common waste management systems at industrial live-
stock facilities produce massive quantities of toxic fumes
of ammonia and hydrogen sulfide in addition to the green-
house gases methane and nitrous oxide. EPA estimates that
livestock facilities are responsible for 73% of the country’s
ammonia air emissions.*'® Many of the practices that would
reduce these hazardous air emissions would also reduce
methane and nitrous oxide emissions, and EPA should thus
use its regulatory tools to achieve such reductions.

The Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA) of 1980°” and
the Emergency Planning and Community Right-to-Know
Act (EPCRA) of 1986°"® require all facilities that release
hazardous substances to report these emissions to federal,
state, and local governments and emergency responders.’”
In 2008, EPA exempted livestock facilities from this report-
ing requirement.’* In 2017, the U.S. Court of Appeals for
the District of Columbia (D.C.) Circuit struck down EPA’s
loophole as illegal.**! Although there is pressure from the
animal production industry to reinstate the exemption,
EPA should not do so, ensuring that an estimated 33,000
facilities are covered.’*?

Similarly, the Resource Conservation and Recovery Act
(RCRA)** has been successfully used by neighbors of a
large animal facility to require the better management of
stored and spread manure to limit groundwater contami-
nation.’** Again, manure management changes instigated
by concerns for groundwater, including more significant
changes such as to dry manure handling or installation of

316. D. Bruce Harris et al., U.S. EPA, Presentation at EPA Emissions Inventory
Conference, Ammonia Emission Factors From Swine Finishing Operations
(May 3, 2001).

317.42 U.S.C. §§9601-9675, ELR Star. CERCLA §§101-405.

318.42 U.S.C. §§11001-11050, ELR Star. EPCRA §§301-330.

319. 42 U.S.C. §§9603(a), 11004.

320. 40 C.ER. §§302.6(e)(3), 355.31(g), (h) (2016).

321. Waterkeeper Alliance v. Environmental Prot. Agency, 853 F3d 527, 47 ELR
20062 (D.C. Cir. 2017).

322. EPA estimated that 33,000 facilities were exempted by its rule from CERCLA
reporting. See regulatory docket at EPA-HQ-SFUND-2007-0469-1361.

323.42 U.S.C. §§6901-6992k, ELR Star. RCRA §§1001-11011.

324. Community Ass'n for Restoration of the Env’t, Inc. v. Cow Palace LLC, 80
E Supp. 3d 1180, 45 ELR 20008 (E.D. Wash. 2015). See Caroline Simson,
Wash. Dairy Settles Enviros' Manure Contamination Suit, Law360, May 12,
2015.
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digesters, can also reduce greenhouse gases. Both EPA and
Congress should resist efforts by the industry to amend
RCRA to exempt animal manure.

In considering regulatory approaches, the largest 0.4%
of farms in the United States produce almost one-third of
all agricultural products in the country, while the top 7%
are responsible for more than 80%.% The top 7% of pro-
ducers also owns 60% of the harvested cropland,®* receives
almost one-half of all government farm payments,*”” and
takes in almost 90% of all net farm income.?”® Policymak-
ers should be attentive to the genuine challenges farming
operations face when transitioning to climate-friendly
practices, but most of these large commercial farms, which
often earn millions each year, can afford to adopt basic
conservation practices. Congress and USDA should require
large-scale operations to curb their most environmentally
damaging practices in exchange for support from govern-
ment programs.

Finally, state and local governments should improve on
current federal regulations by passing their own legislation
designed to reduce emissions from agricultural operations.
The California State Legislature, for example, passed a
law in 2014 directing the California Air Resources Board
(ARB) to develop a comprehensive strategy to reduce short-
lived climate pollutants, including methane.*”* Subsequent
legislation required ARB to begin implementing the plan
by 2018.%%° ARB’s strategy calls for significant decreases in
emissions from dairy manure management with reductions
of at least 20% in 2020, 50% in 2025, and 75% in 2030.33!
In 2015, Minnesota passed a pioneering law requiring per-
manent vegetative buffers on farmland abutting lakes and
streams.*? The law was designed to reduce runoff, but will
also increase soil carbon sequestration on the new strips,
thereby reducing greenhouse gas emissions within the state.

There are a variety of practices that state legislatures
and environmental agencies and local governments should
require—such as riparian buffers—or prohibit—such as
spreading manure on frozen land—in order to further
reduce the environmental harms of modern industrial
agriculture. This would provide models for future federal
initiatives, while also producing immediate climate and
environmental benefits.

F. Financing Options

The Farm Credit System is a privately owned, federally
chartered network of lending institutions that focus on

325. Calculated by the authors using data from the Census of Agriculture. See
NaT’L AGRIC. STATISTICS SERV., supra note 258, at 9 tbl. 2.

326. Id. at 100 tbl. 65.

327. They receive 44% of farm subsidies and 52% of crop insurance payments.
Id. at 94, 100 tbl. 65.

328. Id. at 98 tbl. 65.

329. CaL. Hearra & Sarery Copk §39730 (West 2017).

330. Id. §39730.5 (West 2017).

331. ARB, CaL. ExvrL. PrOT. AGENCY, PROPOSED SHORT-LIVED CLIMATE POL-
LUTANT REDUCTION STRATEGY 7 (2016).

332. See generally 2016 Minn. Sess. Law ch. 85, S.F. No. 2503 (2016) (to be codi-
fied at scattered sections of MINN. Star. ANN. chs. 103A-114b).
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agricultural loans. Created by Congress in 1916 to provide
a reliable source of credit for agricultural producers,® it
now holds nearly 41% of the farm sector’s total debt—a
larger share than that held by commercial banks.?** The
Farm Credit System benefits from a range of publicly
funded guarantees, subsidies, and exemptions.

USDA also manages the Farm Service Agency (ESA),
which, among other things, acts as a lender of last resort for
farmers and ranchers. In addition to offering direct loans
to farmers, the agency also issues guarantees on loans made
by commercial lenders for farmers that would not other-
wise qualify. While FSA’s overall impact on the agricultural
credit market is relatively small—it holds 2.1% of all farm
debt through direct loans and guarantees another 4-5% of
loans—it has come to play an important role in supporting
beginning, minority, and female farmers.”> In exchange
for guarantees and other benefits, Congress should require
ESA and the Farm Credit System lending institutions to
offer programs providing favorable credit to farmers and
ranchers using climate-friendly practices recognized by
NRCS and to require minimum climate-friendly practices
relating to all loans.

G.  Grazing Practices on Government Land

Overgrazing by livestock increases soil erosion, water pol-
lution, and the loss of soil carbon.*® While grazing occurs
on hundreds of millions of acres of private land, more than
40% of all grazing lands in the United States—approxi-
mately 330 million acres—are on federal public lands,*”
managed by BLM and USFS.

A reduction in grazing intensity would help restore the
lost carbon.?*® BLM and USES lease land to ranchers on
the condition that they will uphold conservation values,*
including soil health. However, public interest groups
allege that BLM and USEFS have done little to enforce these
lease provisions.**® These agencies should not only enforce
these provisions, but should also add new ones designed to
reduce the climate impacts of grazing systems. Even small
improvements in practices could have a significant impact
due to the immense size of federal grazing lands. Just as
on private lands, intense rotational or carefully managed
grazing can have numerous ecological and climate benefits,
so BLM and USES should, through pricing or other prefer-

ences, seek to incentivize such practices.

333. Farm Credit Act of 1933, Pub. L. No. 73-75, 48 Stat. 257.

334, Jim MoNKE, CONG. RESEARCH SERv., FaARM CrEDIT SysTEM 1 (2015) (RS
21278).

335. Id.

336. Richard T. Conant & Keith Paustian, Potential Soil Carbon Sequestration in
Overgrazed Grassland Ecosystems, 16 GLoBAL BrocEocHEmICAL CyCLES 90-
1, 90-1 (2002).

337. See USDA U.S. Forest Serv., Abour Rangeland Management, https:/Iwww.
fs.fed.us/rangeland-management/aboutus/index.shtml (last visited Aug. 1,
2017).

338. Id.

339. 43 C.ER. §4180.2 (2016).

340. Pub. Employees for Envtl. Responsibility, About the BLM Grazing Data,
http://www.peer.org/campaigns/public-lands/public-lands-grazing-reform/
blm-grazing-data.html (last visited Aug. 1, 2017).

NEWS & ANALYSIS

47 ELR 10871

A key term in any lease or grazing permit is the grazing
intensity—how many animals can graze a certain allot-
ment in a certain period. It appears that the grazing inten-
sity established in many leases is now outdated, in part
because beef cattle live weights have increased by about
30% over the past 30 years,**! and decades of overgrazing
and now climate change reduce forage availability in many
regions.’* Both BLM and USFS should undertake a pro-
cess to update the grazing intensity limit in leases to reflect
current conditions.

Even if they do not update leases, the agencies should
give ranchers the flexibility to graze fewer than the allotted
number of animals in order to preserve the range over the
longer term and increase their profitability. However, BLM
regulations provide for canceling permits of ranchers who
fail to make “substantial use” of allotted forage for two
consecutive years.**® The term “substantial use” is unde-
fined and this ambiguity has prompted many ranchers to
maximize their use of allotted forage to ensure compli-
ance with BLM requirements.*** Similarly, USES generally
requires ranchers to graze at least 90% of allotted forage
or risk revocation of their leases.** BLM and USFS should
revise their policies to allow ranchers to graze only at inten-
sities they believe are optimal, allowing them to restore the
range and increase soil carbon.

Finally, courts have held that, under the existing law
governing grazing on land that is “chiefly valuable for graz-
ing and raising forage crops,”*® permits and leases cannot
be used solely for conservation.’” This has prevented even
those who have paid fair market value for leases to retire
the allotments from grazing. Congress should let the mar-
ket work and clarify that the purchaser of a lease or permit
can graze as few animals as desired in order to preserve
ecological values such as soil carbon.

H.  Greenhouse Gas Pricing

Carbon pricing for all greenhouse gases from agriculture
would be a highly effective policy lever.>*® While economic
uncertainties make it difficult to predict precise impacts, a
carbon price creates a broad signal affecting the decisions
of most or all actors and can spur innovation toward lower
greenhouse gas technologies and practices. A system that
allowed agricultural producers to earn revenue by storing

341. Bryan McMurry, Cow Size Is Growing, BEEF, Feb. 1, 2009, http://www.
beefmagazine.com/genetics/0201-increased-beef-cows.

342. Daniel W. McCollum et al., Climate Change Effects on Rangelands and
Rangeland Management: Affirming the Need for Monitoring, 3 ECOsYSTEM
HEearrs & SustaiNasiLity 1, 7 (2017).

343. 43 C.ER. §4170.1-2 (2016).

344. Steven C. Forrest, Creating New Opportunities for Ecosystem Restoration on
Public Lands: An Analysis of the Potential for Burean of Land Management
Lands, 23 Pus. LAND & REsoUrces L. Rev. 21, 39 (2002).

345. U.S. Forest SERv., USDA, RANGE MANAGEMENT ch. 2230, at 18 (2005).

346. Taylor Grazing Act, 43 U.S.C. §315.

347. Public Lands Council v. Babbitt, 529 U.S. 728, 30 ELR 20566 (2000).

348. See Guri Bang et al., Californias Cap-and-Trade System: Diffusion and Les-
sons, 17 GrosaL ENvrL. PoL. 18-21 (2017), for a comparison of Califor-
nia’s cap-and-trade system with the Regional Greenhouse Gas Initiative and
other systems.
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soil carbon or reducing methane or nitrous oxide emis-
sions, especially if such payment were in lieu of current
federal farm subsidies, could be an effective way to quickly
cut emissions while increasing the carbon sink.

A carbon pricing mechanism would need to cap all
greenhouse gases, otherwise it could shift practices to those
with a greater climate impact. Given the difficulty of pre-
cisely measuring emissions of nitrous oxide and methane
from agricultural operations, however, it would be difficult
to have a precise fee applied to such emissions. Whether
as an offset or within a cap or tax regime, it would be nec-
essary to create methodologies that can model emissions
based on practices, at least until precise measurement tools
become available.

IV. Non-Public Law Approaches to
Reducing Net Agricultural Emissions

There are five main ways that the private and philan-
thropic sectors can boost carbon farming and help reduce
net agricultural emissions. Sustained funding and support
for agricultural research will be critical, especially during
periods when the executive branch is indifferent or hostile
to scientific research. Access to capital, already a signifi-
cant issue, will continue to be a need for producers adopt-
ing new and innovative practices designed to sequester
carbon or decrease emissions. Absent the involvement of
the federal government, nonprofit organizations will also
need to take a leading role in developing and dispersing
tools for carbon farmers, whether they are practical, such
as inexpensive methods for measuring soil carbon content,
or legal, such as conservation easements. Finally, there is
significant enthusiasm among some industry and environ-
mental groups for agricultural carbon markets.

In the 1970s and 1980s, a number of private research
organizations such as the Rodale Institute, the Aprovecho
Institute, and the Michael Fields Agricultural Institute were
created to conduct and support research into organic and
ecological farming.** Their work to develop and proliferate
new practices was instrumental in the growth of sustain-
able agriculture. Foundations and private donors should
support the work these research organizations are conduct-
ing on climate-friendly practices, in addition to helping
fund new organizations devoted to carbon farming.

The seasonal nature of farming makes loans particu-
larly important for farmers. In 2015, more than 1.3 million
non-real estate loans, mostly for seasonal operating costs,
were made to farmers.” Most of these loans are granted
by small banks, some of which rely on agricultural loans
for a substantial part of their business. Agricultural lend-
ers often hesitate to make loans to farmers using new or
experimental practices, however. This can make it difhicult
for farmers to adopt innovative carbon farming techniques,
regardless of their actual exposure to risk.

349. NIGGLI ET AL., supra note 185, at 55-56.
350. Fep. Reserve Bank or Kan. Crty, AGRICULTURAL FINANCE DATABOOK tbl.
A-1(2017).
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The private philanthropic sector (either directly or
through advocacy organizations) or USDA should sup-
port agricultural banks in lending for practices that are
perhaps less well-known and widely accepted. At a mini-
mum, USDA and environmental organizations should
ensure that agricultural banks are familiar with the ben-
efits of carbon farming, which makes farms more resilient
to weather disturbances and therefore exposes the lending
institution to less risk. Finally, Congress or state legisla-
tures should create lending institutions, or existing ones
could create specialty divisions, aimed at financing farms
using climate-friendly practices.

Private financing also has a role to play. While there
has been an increase in venture capital funding for “ag-
tech,”" most of the funding has focused on precision
agriculture and a narrow range of practices. Philanthro-
pists, impact investors, and foundations should focus
investment on a broader range of carbon farming prac-
tices, accelerating its development.

Measuring soil carbon is currently a time-intensive,
expensive, and complicated exercise. There are also few
established protocols for measuring precisely the green-
house gas benefits of climate-friendly practices, making it
difficult to pay farmers in offset markets for implementing
such practices.”” Nonprofit organizations and land-grant
universities should prioritize funding to develop and dis-
tribute cost-effective monitoring, measurement, and veri-
fication tools, while the private for-profit, not-for-profit,
and philanthropic sectors should work together with the
research community to standardize measuring techniques.

Because many government easement programs are
designed and administered by nonprofits, the pri-
vate sector can play an important role in adapting and
expanding agricultural easement programs to support
climate-friendly practices. Agricultural easements can be
drafted to give both farmers and land conservation agen-
cies greater flexibility to monitor and reduce net emissions.
Land conservation agencies and agricultural land trusts
should incorporate climate change mitigation into ease-
ment purposes, ensuring that farmers’ efforts to mitigate
climate change do not conflict with their easements.”
Additionally, easements should be written to allow for
ecological monitoring, scientific research, and publicly
accessible data sources.?

Carbon offset markets allow greenhouse gas polluters to
pay another party to reduce emissions or sequester carbon
instead of reducing their own emissions. These purchased

351. See AGFUNDER, AGTECH INVESTING REPORT: YEAR IN ReEviEw 2015, at 3
(2016) (noting that funding for agricultural technology doubled between
2014 and 2015).

352. See, e.g., Robert Pallasser et al., A Novel Method for Measurement of Carbon
on Whole Soil Cores, in SoiL CARBON (Alfred Hartemink & Kevin McSwee-
ney eds., Springer 2014).

353. For example, conservation easements often prohibit new structures, includ-
ing wind turbines and processing facilities for new agricultural products.
Jessica Owley, Conservation Easements at the Climate Change Crossroads, 74
L. & ConTEMmP. PrOBS. 199, 207-08 (2011).

354. Adena Rissman et al., Adapting Conservation Easements to Climate Change, 8
CONSERVATION LETTERS 68, 73 (2015).
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reductions, called offsets, can help finance the transition
to carbon farming, compensating farmers for sequestering
carbon or reducing emissions.”> The market for agricultural
offsets in the United States as of 2017 is small and confined
to rice production in California,® although agencies and
others in California are also closely studying manure man-
agement at confined animal production facilities.

A current limitation is the ability to measure green-
house gas reductions from altered practices, so it would
be beneficial for organizers of offset systems such as state
governments to explore different payment schemes; for
example, instead of paying for offsets per ton (as is gener-
ally the case), payments could be based on practices imple-
mented per acre, with a price set by calculations of average
benefits, or based on measurements of surrogate indicators.
Finally, offset markets should prioritize year-to-year reduc-
tions such as in methane from rice production or animal
production or permanent (or long-term) changes in land
use. Short-term soil carbon sequestration practices, which
can be quickly reversed and are poorly understood, are a
less reliable strategy for offsetting fossil fuel emissions at
this time.”’

V. Reducing Food System Emissions

A.  Upstream: Greenhouse Gas Emissions From
Farm Inputs

Conventional agriculture in the United States is heavily reli-
ant on fossil fuels. Most commercial farms rely on energy-
intensive equipment to perform a wide range of farm tasks,
including weeding, planting, and harvesting, in order to
reduce their labor needs. In addition, the manufacturing
process for farm inputs such as pesticides and particularly
fertilizer requires a substantial amount of energy.”*®

Significant benefits are possible from reducing emissions
from the production of nitrogen fertilizer and on-farm fuel
usage, which together account for almost two-thirds of
upstream emissions.

Nitrogen-based fertilizers accounted for 59% of total
U.S. fertilizer consumption, but were responsible for
approximately 90% of emissions from the fertilizer pro-
duction process. (Indeed, emissions from the production of
nitrogen fertilizer could be about one-fourth of the typical

355. RobertParkhurst, Carbon Marketsin Agriculture Are the Next Big Thing, ENVTL.
Der. Funp, Jan. 24, 2016, http://blogs.edf.org/growingreturns/2016/01/24/
carbon-markets-in-agriculture-are-the-next-big-thing/.

356. Niina Heikkinen, Rice Growers on the Front Lines of U.S. Carbon Markers,
E&E NEws, Jan. 20, 2016, hteps://www.eenews.net/stories/1060030839;
Brian C. Murray, Why Have Carbon Markets Not Delivered Agricultural
Emission Reductions in the United States?, CHOICES, 2015.

357. It is easier to track the sequestration benefits of above-ground biomass, such
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offsetting emissions.

358. Mario Giampietro, Energy Use in Agriculture, in ENCYCLOPEDIA OF LIFE ScI-
ENCES 4 (Nature Publishing Group 2003).
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emissions from its application.’*’) New ammonia produc-
tion facilities are approximately 30% more energy-efficient
than older ones, indicating that this sector’s emissions
could be significantly reduced by modernizing production
processes.*® There is also some promise in facilities that
can produce nitrogen fertilizer from biomass instead of
natural gas,** and in facilities that produce both electricity
and fertilizer accompanied by carbon capture and storage
(or reuse),**® which could produce fertilizer with very low
greenhouse gas emissions. Governmental support for such
projects should be explored.

Despite progressively tightening its fuel economy stan-
dards for light-duty vehicles, EPA has yet to promulgate
any standard for off-road diesel vehicles. Fuel efficiency
for on-farm vehicles has consequently lagged. EPA should
promulgate fuel economy standards for off-road diesel
vehicles such as tractors to reduce their carbon dioxide
emissions, which remain a significant source of on-farm
emissions. Since turnover among off-road vehicles is slower
than turnover among light-duty vehicles, however, signifi-
cant improvements in emissions reduction will be slow.
Moreover, farm programs implemented by USDA should
also be designed to encourage farmers, preferably through
incentives, to adopt less fuel-intensive practices. For exam-
ple, tractors on no-till farms only emit one-sixth as much
carbon dioxide equivalent as tractors on farms practicing
complete tillage.>

B.  Downstream: Emissions From Food Processing,
Packaging, Marketing, and Waste

Postproduction greenhouse gas emissions, while signifi-
cant, have not been comprehensively catalogued in the
United States. The main contributors to emissions beyond
the farm gate are energy expenditures associated with food
processing, packaging, marketing, and distribution. Food
waste contributes to emissions indirectly, through emis-
sions resulting from the production, distribution, and mar-
keting of the wasted food, and directly, through methane
emissions from landfills.

In 2006, the food processing sector emitted approxi-
mately 117 million metric tons of carbon dioxide equiva-
lent, making it one of only four industrial sectors in the
United States responsible for more than 100 million met-
ric tons of carbon dioxide annually.*®® Mitigation within
the food processing sector will largely depend on reducing

360. Evan M. Griffing et al., Life Cycle Assessment of Fertilization of Corn and
Corn-Soybean Rotations With Swine Manure and Synthetic Fertilizer in lowa,
43 J. Exvrer. Quatrty 709 (2014).
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ited Aug. 1, 2017).
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energy intensity in addition to other cross-sector efforts,
such as reducing reliance on fossil fuel energy sources. As
a result, EPA and the U.S. Department of Energy should
explore adopting energy-efficiency standards that would
apply to this sector.

Diverting food and agricultural waste from landfills
is an opportunity to significantly reduce greenhouse gas
emissions.**® Although in 2016 EPA issued new rules
requiring installation of systems to capture landfill gas
(usually comprising half methane and half carbon dioxide)
at larger municipal waste landfills constructed after July
2014, and updated landfill gas capture systems for larger
existing landfills constructed after 1987, there is still
great climate benefit to reducing organic waste in landfills.
Older and smaller landfills are not covered; there is a long
time lag before full compliance will be required; and the
landfill gas capture is not complete.

Food waste makes up more than 20% of the materials
discarded.’*® Once in a landfill, organic matter decom-
poses without the presence of oxygen, releasing large
amounts of methane.’®

Food waste decays more rapidly than other organics
(wood, yard waste, paper) due to its high moisture con-
tent, making it an especially heavy emitter of methane
soon after disposal. As a result, food waste is responsible
for as much as 90% of methane emissions from landfills
during their initial years when they are less likely to be
capped.”® While reliable data are lacking on the sources
of food waste, one industry-funded report estimates that
residential food waste is responsible for 44% of post-farm
food waste.?”! The commercial sector, which includes res-
taurants and grocery stores, is estimated to dispose of 44%
of post-farm food waste, while waste from institutions and
industry operations made up the remaining 12%.%">

366. It is sometimes argued that reducing food loss will result in reduced food
production and distribution. See, ¢.g., Craig Hanson et al., Whars Food Loss
and Waste Got to Do With Climate Change? A Lot, Actually, WorLD Re-
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including funding for farm programs, support for biofuels, and fluctuations
in global consumer demand and international commodity markets. Addi-
tionally, the amount of cropland and grazing land in the United States has
stayed more or less constant since 1945, despite a radically higher supply of
agricultural commodities gained through higher yields.

367. News Release, U.S. EPA, EPA Issues Final Actions to Cut Methane Emis-
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Many jurisdictions have demonstrated that organics can
be diverted from landfills in a cost-effective and environ-
mentally beneficial way. European Union countries were
required to reduce biodegradable waste to 35% of 1995
levels by 2016, and several countries have gone beyond
this requirement.’”* Similarly, several states and munici-
palities have also taken action to divert organic waste from
landfills. In 2012, Vermont passed the Universal Recy-
cling Law, which enacted a complete ban on food waste in
landfills.”> Shifting waste to composting facilities converts
the waste into useful material and results in negative net
emissions.”’® San Francisco passed an ordinance in 2009
requiring all businesses and households to sort organics for
collection and composting.””” San Francisco now collects
more than 220,000 tons of organic waste each year, and
is considered the country’s most successful composting
program.’’® These programs provide a model for Congress,
states, and localities to follow when designing legislation
banning food waste in landfills.

V1. Changing Consumption Patterns

Just as the federal government influences what farm-
ers grow through its farm programs, it also influences
what people consume through its dietary recommenda-
tions, labeling systems, and procurement policies. The
private sector also plays an important role in influencing
consumption patterns through advertising, labels, and
menu options.

The dietary guidelines, updated every five years by
USDA and the U.S. Department of Health and Human
Services (HHS), include the federal government’s recom-
mendations regarding nutrition and diet; dictate how
government agencies teach nutrition; determine what stu-
dents, seniors, and other recipients of government-funded
meals are fed; and guide government-funded research and
nutrition projects.””” In 2015, the Dietary Guidelines Advi-
sory Committee recommended that the guidelines incor-
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377.S.E, Cal., Ordinance 100-09 (June 9, 2009).

378. See also Sean Kennedy, In Seattle, Compost Your Food Scraps—Or Else,
CNN, Oct. 3, 2014, http://www.cnn.com/2014/09/24/politics/seattle-
composting-law/.

379. See 7 U.S.C. §5341(a)(1) (“Each such report . . . shall be promoted
by each Federal agency in carrying out any Federal food, nutrition, or

health program.”).


http://www.wri.org/blog/2015/12/whats-food-loss-and-waste-got-do-climate-change-lot-actually
http://www.wri.org/blog/2015/12/whats-food-loss-and-waste-got-do-climate-change-lot-actually
https://www.epa.gov/newsreleases/epa-issues-final-actions-cut-methane-emissions-municipal-solid-waste-landfills
https://www.epa.gov/newsreleases/epa-issues-final-actions-cut-methane-emissions-municipal-solid-waste-landfills
https://www.epa.gov/newsreleases/epa-issues-final-actions-cut-methane-emissions-municipal-solid-waste-landfills
https://www.nrdc.org/sites/default/files/wasted-food-IP.pdf
https://www.nrdc.org/sites/default/files/wasted-food-IP.pdf
http://www.foodwastealliance.org/wp-content/uploads/2013/06/FWRA_BSR_Tier1_FINAL.pdf
http://resource.co/article/technicality-scraps-french-food-waste-law-10417
https://www.epa.gov/sites/production/files/2016-03/documents/warm_v14_organic_materials.pdf
https://www.epa.gov/sites/production/files/2016-03/documents/warm_v14_organic_materials.pdf
https://www.epa.gov/sites/production/files/2016-03/documents/warm_v14_organic_materials.pdf
http://www.cnn.com/2014/09/24/politics/seattle-composting-law/
http://www.cnn.com/2014/09/24/politics/seattle-composting-law/
http://www.cnn.com/2014/09/24/politics/seattle-composting-law/

Copyright © 2017 Environmental Law Institute®, Washington, DC. Reprinted with permission from ELR®, http://www.eli.org, 1-800-433-5120.

10-2017

porate sustainability in their dietary recommendations.’®
Although rejected in the final guidelines,’ the agencies
should revisit this decision.

Such a move would not be without precedent. The
dietary guidelines of several countries, including Bra-
zil, Denmark, the Netherlands, and Sweden, explicitly
acknowledge the interdependence of healthy diets and
environmental sustainability.’® Brazil’s dietary guidelines,
for example, encourage the use of minimally processed
plant-based foods over animal products to reduce green-
house gas emissions and deforestation.’* By incorporat-
ing sustainability into the guidelines, USDA and HHS
could quickly and effectively decrease the carbon intensity
of the American diet.*® More than one-half of American
consumers claim that food sustainability is important and
almost 80% are seeking to eat more fruits and vegetables,
which generally have a much lower climate impact than
animal products.

Congress and other governments should also prioritize
climate change in procurement contracts as it has pri-
oritized other values. The 2008 Farm Bill, for example,
directed USDA to pass regulations encouraging institu-
tions participating in child nutrition programs to pur-
chase local agricultural products.’® Additionally, Congress
could pass legislation prioritizing low-carbon agricultural
products for all government bodies, including large-scale
purchasers such as the U.S. Department of Defense. States
and local governments, of course, should pass similar laws.
Large institutions and corporations seeking to improve
their sustainability can also look to food purchasing as an
important opportunity.

Finally, certification is another method that may help
encourage the growth of carbon farming. Organic certifi-
cation has helped create a price premium for organic prod-
ucts, leading to increased investment and innovation in the
field.*® As a result, organic food has grown from 1% of
the market in 1997 to almost 5% of the market in 2014.7%
Several private organizations, such as the Rainforest Alli-

380. USDA & HHS, Scientiric RerorT OF THE 2015 DIETARY GUIDELINES
Abpvisory COMMITTEE, PART D. CHAPTER 5: FOOD SUSTAINABILITY AND
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ance and Fairtrade Netherlands, already have, or are in
the process of developing, certifications for carbon-neutral
coffee.’® Environmental groups and other nonprofit orga-
nizations should expand on these initiatives by develop-
ing certification programs for other carbon-neutral food
products, which could have the same impact over time as
the organic certification and could help boost interest and
investment in climate-friendly practices.’°

In addition, restaurants should offer an expanded range
of low-carbon options, helping to make climate-friendly
diets more convenient and affordable.*”* Almost one-third
of all calories consumed in the United States are from
foods prepared away from home.** Studies also show that
people tend to consume more calories and meat when eat-
ing out.*” In this environment, climate-friendly diets are
unlikely to catch on unless consumers have easy and inex-
pensive access to prepared foods that are climate-friendly.
Currently, the average restaurant menu, whether fast-
food or sitdown, principally offers carbon-intensive meat
options for entrées.’*

VIl. Conclusion

Carbon neutrality in agriculture is achievable and should
be a priority for the United States. As of 2015, agriculture
was responsible for almost 10% of U.S. greenhouse gas
emissions, while the nation’s food system as a whole con-
tributed approximately double that amount. This is avoid-
able. The climate-friendly agricultural practices included in
this Article are proven to significantly reduce greenhouse
gas emissions from farming, ranching, and livestock pro-
duction. In addition, agriculture is unique among major
sectors of the economy in possessing the potential not only
to reduce emissions, but also to remove carbon from the
atmosphere and sequester it in the soil. By both reducing
emissions and increasing soil carbon sequestration, U.S.
agriculture can become carbon-neutral.

Curbing climate change is not the only reason that
policymakers and producers should support agricultural
practices that reduce emissions or increase soil carbon. Vir-
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tually all of these practices—including, for example, more
precise fertilizer application, cover crops, managed rota-
tional grazing, agroforestry, silvopasture, and improved
manure management—also provide other environmental
benefits such as clean water or wildlife habitat. In addition,
these practices make agricultural operations more resilient
to changes in weather patterns that will come with climate
change. Finally, many of these practices are cost-effective,
especially over the longer term.

U.S. policymakers should support the widespread adop-
tion of climate-friendly agricultural practices. For instance,
USDA should fund additional research and the Extension
Service should expand farmer training. Congress and
USDA should reform the major farm support programs,
including crop insurance, commodity payments, and
conservation programs, to incentivize or even to require
adoption of climate-friendly practices. Congress, USDA,
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and other federal agencies should also use the farm bill
and trade, tax, regulatory, and financing tools to encour-
age these practices. State legislatures and agencies should
employ similar tools. The private sector also has a signifi-
cant role to play in encouraging and leveraging govern-
mental action.

Climate change presents perhaps the most significant
threat to agriculture and human well-being. However, it
remains politically divisive. The many benefits of climate-
friendly agricultural practices should make them attractive
to all, regardless of one’s views on climate change. Thus,
while change has often been slow in the agricultural sector,
there is a real opportunity to approach climate neutrality
in agriculture, while improving other environmental attri-
butes, rural communities, and producer income. To pro-
tect producers and the public at large, policymakers and
others should take up this challenge with energy.
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