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Dear Rep. Castor, Chair, House Select Committee on the Climate Crisis:
Thank you for the opportunity to contribute to your committee’s policy formulation. We are
submitting responses to questions relating to carbon drawdown and carbon capture: by
responding to questions 6 and 10 we supply policy analyses and recommendations with respect
to industrial methods of CCS (carbon capture and storage) vs. a leading alternative: regenerative
agriculture.
Current research is showing that the great advantages of natural (land-based) methods of CCS
can be achieved without significant changes in land use; that is, farming and ranching areas can
continue to produce food, while by far the greatest CCS in forests in the US is achievable
through proper management of existing forests – not by planting new areas. This is one of the
reasons why it is important to cease funding less effective (or counter-productive) methods of
CCS, in order to have the resources available to assist in an agricultural revolution that will not
only store significant amounts of carbon during the coming decades, when this is most critical; it
will produce great side-benefits. These include flood control, drought resilience, better crop
yields, and the health of the farmers and ranchers, as well as of the consumers of the food they
produce. As one scientist said: “Soil health is public health”1 or, to quote Franklin Delano
Roosevelt, “The nation that destroys its soil, destroys itself.”
Agriculture
Question 6. What policies should Congress adopt to reduce carbon pollution and other
greenhouse gas emissions and maximize carbon storage in agriculture?
There is a consensus that 50 to 70% of soil carbon stocks have been lost in cultivated soils, such
that the SOC (soil organic carbon) status of almost all cultivated soils can be increased2. Land
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See https://www.washingtonpost.com/science/uncovering-how-microbes-in-the-soil-influence-our-health-and-ourfood/2019/09/27/81634f54-a4ba-11e9-bd56-eac6bb02d01d_story.html “Uncovering how microbes in the soil
influence our health and our food” by Daphne Miller, project scientist at the Center for Occupational and
Environmental Health, School of Public Health at the University of California at Berkeley.
2
Among countries of the world, the United States showed the highest total annual potential in SOC (1.2–2.6 Pg C),
with an average increase of 0.62–1.27 t C/ha/yr on over 2 million km2 of cropland. (Zomer, R.J., Bossio, D.A.,

management practices that are considered most promising for achieving this include addition of
organic compost; conservation tillage; fertility management; cover cropping; crop rotation,
intensification and diversification; agroforestry and silviculture; perennial crops, and
rotational grazing..(See appendix for definitions of these terms.) The land management
practices that can increase soil carbon stocks are essentially the same as the practices required to
stop the loss of SOC from agriculture. It is expected that soils that have been improved through
these practices will be able to sequester carbon for at least 20 years before reaching saturation
points and new SOC equilibriums. So long as we are sequestering more net carbon than the
carbon being released from soil, we will have a net benefit to the atmosphere as well as to the
soils. Conversations about permanence are often ill-informed on this fundamental issue.3
Many farmers are already turning to regenerative farming practices that store increasing amounts
of CO2 in the soils. Grazing practices also are being rapidly developed that have tremendously
beneficial effects in terms of carbon capture and storage. Farmers are adopting these methods
not only out of concern for climate change, but also because in the long run such practices reduce
input costs and increase productivity by providing healthier, more resilient soils and ecosystems.
However, there is a transition period of 3-10 years during which productivity decreases; the
majority of farmers and ranchers cannot afford to finance this process entirely on their own.
This is why it is critical for government to support these necessary steps toward sustainable,
nutritious food production and an economically healthy farming sector.4 While regulations and
other support are essential in some areas5, market-driven approaches emphasize farmer
incentives, recognizing that changes which farmers cannot afford in the short term will not be
broadly adopted.
In general terms, such policies could include incentive payments to farmers who are willing to
adopt soil carbon sequestration management practices on their land for at least 5 years, along
with programs to help farmers afford new equipment (e.g., that which is required for low-till/ notill methods). Sequestered carbon could be treated as a new and profitable crop, with significant
rewards to farmers who choose to support photosynthetic soil carbon capture and storage, or
“carbon farming.” For this to work it will be necessary to (1) establish sound methods and
agreed-upon measurements for testing soil carbon, and (2) establish markets that reward soil
improvement that stores carbon.
More specific policy proposals are listed below.

Sommer, R. et al. 2017, “Global Sequestration Potential of Increased Organic Carbon in Cropland Soils”, Nature.
https://www.nature.com/articles/s41598-017-15794-8 )
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https://sustainableagriculture.net/wp-content/uploads/2015/12/Soil_C_review_Kane_Dec_4-final-v4.pdf
4
The rural poverty rate is 27% higher than in urban communities
5
Some regulations should, initially at least, be applied only to the largest operations, to address the comparatively
few industrial-scale facilities that produce the vast majority of the GHG emissions and other pollutants, while
exempting the vast majority of small producers (who would still be eligible for voluntary incentives). Examples
include mandated dry manure management or sewage treatment systems capturing manure methane from the largest
livestock operations (e.g. largest 5 percent), or compliance with precision fertilizer application for the largest
cropland operations.

Support and improve the 2018 farm bill:
-- The 2018 Farm Bill for the first time provided a general directive for the Conservation
Stewardship Program (CSP) to focus on soil health, and authorized soil planning and climate
mitigation as activities eligible for payments from the program. The 2018 Farm Bill also
increased incentives for crop rotation, cover cropping, and rotational grazing – all crucial
strategies for soil health, carbon removal, and environmental conservation. Unfortunately, both
the 2014 and 2018 Farm Bills cut funding for the CSP; this should be restored and then
significantly increased.
-- Develop metrics to certify the increase in soil carbon resulting from different carbon farming
practices, by swiftly expanding, accelerating, and implementing Soil Health Demonstration
Projects authorized in the 2018 Farm Bill.
-- Reduce or otherwise reformulate commodity and crop insurance subsidies that currently favor
harmful practices that degrade soil health. Instead, offer discounted crop insurance for farmers
who adopt no-till practices, and who use organic compost and cover crops, because these farmers
have reduced their risk of crop failure under unfavorable weather conditions.
Expand the federal “sod saver” policy to preserve grasslands nation-wide. This provision is
currently implemented in the Northern Plains states to prohibit federal investment in carbonintensive conversion of native grasslands into cropland. In addition to providing a climate
benefit, this provision also provides a direct taxpayer benefit, in that it avoids public subsidy for
agricultural production on marginal land.
Support science and research, including in the U.S. Department of Agriculture, to promote
climate-smart agriculture. Increase funding to Agricultural Extensions Services and land-grant
colleges for next-generation agricultural innovations. Appropriate funds for a massive federal
R&D program on soil carbon per the national academies’ recommendations. The Soil Science
Society of America recommends funding research to elucidate and quantify soil ecosystem
service; refocus management, education, and technical assistance on fundamental ecological
processes (water and nutrient cycling and energy flow), especially within the complex plant-soilgrazing animal-human system. Establish demonstration farms in partnership with Native
American communities, historic black colleges, and land grant universities to study carbon
sequestration in diverse landscapes while also providing new economic opportunities.
Recognize the public service of farming, by allowing all young farmers and ranchers to be
eligible for the federal Public Service Loan Forgiveness Program. Create a Civilian Conservation
Corps providing summer jobs to young Americans who work to build soil carbon through
support of farmers, ecosystem restoration & tree planting.
Expand staff capacity at the NRCS, a successful trusted federal program that partners with
farmers and conservation districts in nearly every county in America; its only limitation has been
staff capacity. NRCS will work with farmers and rural communities to develop on-farm climate
solutions and build local, bottom-up strategies and partnerships.

Support and expand state-level programs that already exist to promote healthy agriculture
-- see map, below, as an example

Focus on the human health connections to healthy soils and regenerative agriculture: The
Lancet, a prestigious medical journal, published an important new study about food systems and
diets. The EAT–Lancet Commission argues that big industrial agriculture along with many of
its policy prescriptions and its operations, are undermining planetary and human health. In its
words, “The triple challenges of obesity, undernutrition, and climate change, which interact and
affect human and planetary health, need solutions that disrupt their common underlying societal
and political drivers.” A second report, “The Global Syndemic of Obesity, Undernutrition and
Climate Change”, looks more deeply at how these issues intersect.6 This report, and other
observations, emphasize the need to challenge monopolistic control of agri-business through
anti-trust action by the government7. This would promote policies that reduce the use of
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https://www.theguardian.com/commentisfree/2019/jan/28/global-food-killing-humans-planet-climate-changeobesity
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Just 5% of U.S. agricultural operations conducted 75% of sales in 2017.

petrochemical fertilizers and pesticides, and protect pollinators – which are crucial to sustaining
and rebuilding healthy soils and ecosystems, and support farmers who wish to detach themselves
from systems of imported seeds, fertilizers and pesticides.

Carbon Removal
Question 10. How can Congress accelerate development and deployment of carbon removal
technology to help achieve negative emissions?
Response:
Congress should not accelerate development and deployment of techno-mechanical methods of
carbon removal that, in reality, put more CO2 into the atmosphere than they remove.
Research has shown that Direct Air Capture (DAC) when fossil-fueled, as well as Carbon
Capture, Utilization and Storage (CCUS), put more CO2 into the atmosphere than they take
out. In the latter case, this is largely because the captured carbon is used for “Enhanced Oil
Recovery” (EOR). Studies indicate that the CCS-EOR process emits 1.58 to 4.79 times as
much CO2 as it removes. DAC when fossil-fuel powered, emits from 1.5 to 3.4 tons of CO2
for every ton captured,10 not even counting the emissions when DAC is paired with EOR.
Following is an illustration of CO2-EOR from a 2010 U. S. Dept. of Energy handbook on the
topic.11
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This calculation does not integrate the “displacement” argument that is generally advanced in this paper. Azzolina et. al. (2016).
Jaramillo et al (2009).
10
Based on Smith et al. 2016 pg 47: 156 EJ/yr required to capture ~3.3 Gt Ceq/yr. Calculations performed by Smith et. al. Coauthor S. Davis. 8-19-19; personal communication. Calculations showed the emissions ratio associated with gas as the DAC
power source to be 1.46 to 1 [rounded to 1.5 to 1); the ratio with coal as DAC power source is 3.44 to 1.
11
U. S. Dept of Energy; “Carbon Dioxide Enhance Oil Recovery; Untapped Domestic Energy Supply and Long Term Carbon
Storage Solution;” 2010.
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These techno-mechanical methods must therefore be seen as counter-productive: they
don’t provide a net reduction of atmospheric CO2; instead they result in a net increase.
These methods of carbon dioxide removal, in effect, do harm than good, as shown in a very
recent study of two CDR facilities: a CCUS operation and a DAC facility. In his 2019 report12 on
the two plants, Mark Z. Jacobson of Stanford University shows that, even when you ignore the
emissions from the EOR-part of the process, CCS and DAC capture only a tiny fraction of either
smokestack emissions or ambient air CO2 removals. As Jacobson shows, the operation of the
CCUS and a DAC produces outcomes that are worse than no carbon capture. In large part this is
because, besides their ineffectiveness in atmospheric CO2 reduction, the processes also emit
other GHG’s, producing air pollution and resulting in health damage.
Moreover, these techno-mechanical methods of carbon removal also consume enormous
amounts of resources, particularly energy and land.
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Jacobson, Mark Z. “The Health and Climate Impacts of Carbon Capture and Direct Air Capture”; Energy &
Environmental Science, 2019.

Energy:
Direct Air Capture” operated at scale (I Gt CO2 removal) would use almost as much energy as
the United States consumed in 2017.13
Land:
To operate at scale, a DAC facility powered by natural gas would require a land area more than
five (5) times the size of the city of Los Angeles.14 If solar is used to replace the fossil fuel
power source, then the required land area expands exponentially. Thus, to remove 1Gt of CO2
would require a land area ten (10) times the size of the state of Delaware.15 And this does not
count the land required for transport and storage after the CO2 has been captured.
* Pipelines for techno-industrial methods
CCS expansion and DAC would require building pipelines across US land to transport CO2
from capture sources to injection sites.16 Significant amounts of land would need to be
acquired and occupied for pipeline buildout. And pipelines have other “disbenefits” such as the
potential for “blowouts”. Here is a map of pipelines proposed by the “State CO2-EOR
Deployment Work Group,”17 which recommends public subsidy of this pipelines buildout.
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Climate Advisers (2018) conversion of 3.47 MWh (12.5GJ) from Smith et al, 2016; Socolow et al 2011). From
Climate advisers report: At this rate, achieving 1 Gt of removals could require 3,417 terawatt-hours of electricity
annually—an amount that is nearly equivalent to all electricity generated in the United States in 2017.
14
This projection is based on the National Academies of Sciences report on Negative Emissions Technologies
(2019) p 224. Calculations: 7 km2 for 1 million tons of CO2 = 7,000 km2 for 1 Gt removal of CO2. 7,000 km2 =
1,729,738 acres, or 2702 sq mi.
15
National Academies of Sciences, Negative Emissions Technologies (2019) p 226. “If solar is used to offset 25
percent of the electric and thermal requirements, an additional 3,600 acres of total land area is required. In the
theoretical limit where solar power and the Conservation Stewardship Program (CSP) are used to offset all electric
and thermal requirements, total land use escalates to 14,500 acres, or roughly 58.6 km2. One-hundred such facilities
(representing 100 Mt CO2 removal per year) would require a land area roughly the size of Delaware.” [Note: 1 Gt =
1Mt x 1,000.]
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DAC advocates argue that “mobile” DAC units could be moved to wherever injections sites are. However, this argument does
not address the large land requirements in order for DAC to operate at scale.
17
From “Policy Recommendations for Development of American CO2 Pipeline Networks” 2017.

Storage
The “storage” part of the CCS, CCUS or DAC process requires injection into some kind of
underground geological formation. The longevity of such storage can depend on the suitability of
sites for long term gas storage, and be affected by seismic activity and leakage. Legislation
would be required to assure standards are in place to avert or reduce leakage and earthquakes.
And even then, diligent, long-term monitoring and government oversight would be required.
Experience thus far with the “45Q” tax credit for CCS indicates discrepancies in industry
reporting about how much CO2 was actually stored. Clean Water Action reviewed18 industry
claims for the 45Q tax credit and found that companies report one amount to the IRS– nearly 60
million tons – to obtain their tax credits and another amount to EPA – 3 million tons – to certify
that they actually permanently sequestered and stored the CO2. So for some reason, companies
could only document the “secure geological storage” of a small fraction of the tonnage claimed
to be stored for tax credit claims.

The ineffectiveness and the negative impacts of CCS and DAC are strong arguments –
increasingly accepted by scientists – for investment in alternative, renewable energy
development to replace fossil-fuel power sources, rather than investing in CCUS and DAC.
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John Noel (2018) Carbon Capture and Release: Oversight Failures in Section 45Q Tax Credit for Enhanced Oil
Recovery; Clean Water Action; May 2018. Among the findings: 59,767,924 metric tons of CO2 claimed to IRS as
captured for tax credit as of May 10, 2017. 3 million metric tons of CO2 reported to EPA for sequestration
verification as of August 5, 2017. $597 million up to $1.3 billion value of claimed credits.

As it stands now, the U.S. Congress has passed legislation (45Q tax credit) and is considering
more (the “USE IT Act,” “EFFECT Act” and the “Carbon Capture Improvement Act”) to
subsidize these techno-mechanical-chemical methods of carbon dioxide removal, which are
demonstrably counter-productive.
Moreover, these subsidies not only perpetuate the production of fossil fuels in the United States,
but also subsidize the development and private ownership of the intellectual property associated
with each of these CDR methods. This is a give-away that is not only unjustified, but also is
ominous for the future capabilities of the public sector in responding to the escalating dangers
and increasingly catastrophic consequences of climate change.
Why should taxpayers subsidize the oil companies – the very entities whose product polluted our
atmosphere with greenhouse gasses – to own and operate the “solution” to this problem? Why
should the perpetrators be trusted with the repair?

Our recommendations to the House Select Committee concerning carbon removal
technology are:
1. Do not subsidize, support, or in any way help to advance technological-mechanical-chemical
methods of carbon dioxide removal in which the captured CO2 may be used for oil production.
2. The federal government should invest in, develop and enhance biological methods of carbon
drawdown and sequestration, such as improved forest management (pro-forestation),
reforestation, regenerative agriculture and wetlands restoration. See our responses to Questions 6
and 8 for more information on this recommendation.
3. If the Committee believes that it is necessary to keep “all options on the table” and develop the
United States’ capabilities in Direct Air Capture or point source Carbon Capture, then the
intellectual property associated with these methods should be owned by the public – by the U.S.
Government. The intellectual property rights should be publicly owned and the expertise in
operating these technologies should be resident in the public sector. It is unconscionable that
such expertise would be publicly subsidized and yet reside in the hands of the private
corporations that produced the conditions that are heading us toward climate catastrophe.
For a summary of the scientific research on carbon removal methods on which our
recommendations are based, see the paper “Government’s New Assignment: Pulling CO2 Out of
the Air” by Neva Goodwin and June Sekera, October 2019.

General Conclusion

Currently Congress is making policy divorced from science, with one of the consequences being
that Congress is passing or advancing legislation that is counter-productive in the sense that it
puts more CO2 into the atmosphere than it takes out. Another consequence of policy divorced
from science is the usurpation of scarce public resources to deal with climate change harms
rather than to invest in real solutions and an energy transformation. A quarter of the NonDefense Discretionary (NDD) budget is now spent on disaster relief.19
Instead of spending billions on responding to disasters that could be avoided or lessened,
Congress should incorporate biophysical analyses into its policy formulation and should invest in
carbon drawdown methods that also have significant co-benefits for climate mitigation and
sustainability, as well as for human health and the health of the rural economy.

Appendix On Agriculture Section:
notes on the management practices that can increase soil carbon.
-- Large quantities of organic compost are needed to increase carbon sequestration in soils.
Public-private partnerships have the potential to turn organic food waste into healthy soil
amendments. The EPA’s Sustainable Materials Management program already fosters partnership
opportunities to reduce food waste in corporate supply chains as well as in federal agency
operations. Partnerships such as the Marin Carbon Project’s compost collaborative can help
avoid methane emissions associated with food waste in landfills, while providing carbon-rich
compost for agricultural and rangeland soils. However, it is critical that this be done “cleanly” –
i.e., do not include in the compost from cities (food and garden debris) municipal wastes that
include industrial byproducts. Preventing toxic chemicals and other pollutants from entering the
stream of organic compost is even more critical than compost pre-treatment to prevent spread of
plant pests.
-- Soil disturbance (tillage) often triggers SOC loss from agricultural soils because it increases
soil biological activity and brings organic residues in contact with decomposers. Some forms of
tilling for agriculture can degrade soil up to 100 times faster than soil is generated. In contrast,
reduced- and no-tillage minimize SOC loss.

19

“…in 2017, Congress appropriated $130 billion for disaster relief across the country, about a quarter of the
nondefense discretionary budget.” (Lisa Friedman, “Three Campaign Ads That Are Putting Climate Change on the
Agenda”, New York times, Oct. 25, 2018.)
NDD in 2017 was $530 billion. Center for Budget & Policy priorities: https://www.cbpp.org/research/federalbudget/trump-budget-would-cut-non-defense-programs-deeply-in-2019-and-beyond

-- Fertility management used to mean applying commercial fertilizers to crops, with emphasis
on nitrogen fertilizers. There is a Dutch saying: “Fertilizer is good for the father and bad for the
sons.” The production of synthetic nitrogen is energy intensive and is leading to nitrogen
saturation and greenhouse gas flux in many systems.20. Researchers from the University of
Illinois have supported findings that organic farmers have known for many years, but that are
vigorously denied by the manufacturers for fertilizers: the net effect of synthetic nitrogen use is
to reduce soil’s organic matter content.21 As this cycle continues, the productivity of the land is
reduced; ultimately farmers suffer as they have to pay more for inputs, while output declines –
and, it has been shown, the nutritional quality of that output also declines, adding to food-related
illnesses among consumers. Management practices that increase SOC also increase the
abundance and efficiency of N-fixing bacteria, add resilience to farming systems, particularly
during drought years or increased seasonal variability. Wide adoption of regenerative practices
would reduces costs of environmental externalities from industrial, chemical-reliant land
management. The USDA estimates that treating drinking water contaminated by nitrates from
crop fields costs $1.7 billion a year.22 Cutting nitrates in source water by just one percent would
decrease treatment costs by over $120 million a year. In addition, potential public health costs
and environmental damages from nitrogen pollution add up to $157 billion a year.23 Further,
according to the Environmental Protection Agency, the tourism industry loses close to $1 billion
each year because of water bodies affected by nutrient pollution and harmful algal blooms.24
-- Cover cropping, crop rotation and cropping intensification and diversification all increase
diversity and abundance of microbial substrates, microbial biomass and activity, and ultimately
increase SOC sequestration.25
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Climate Land Ambition and Rights Alliance, 2018, “Missing Pathways to 1.5°C”
https://www.climatelandambitionrightsalliance.org/report/
21
The explanation given by these researchers is that nitrogen fertilizer stimulates soil microbes, which feast on
organic matter. Over time, the impact of this enhanced microbial appetite outweighs the benefits of more crop
residues. synthetic nitrogen broke down organic matter faster than plant residue could create it. As organic matter
dissipates, soil’s ability to store organic nitrogen declines. A large amount of nitrogen then leaches away, fouling
ground water in the form of nitrates, and entering the atmosphere as nitrous oxide (N2O), a greenhouse gas with
some 300 times the heat-trapping power of carbon dioxide. In turn, with its ability to store organic nitrogen
compromised, heavily fertilized farmland becomes dependent on ever more additions of synthetic N. Richard
Mulvaney, Saeed Khan, and Tim Ellsworth 2007 “The Myth of Nitrogen Fertilization for Soil Carbon
Sequestration,” in the Journal of Environmental Quality,
22
Ribaudo, Marc et al., “Nitrogen in Agricultural Systems: Implications for Conservation Policy” (Sept. 11), USDA
Economic Research Report No. (ERR-127) (https://www.ers.usda.gov/publications/pub-details/?pubid=44919).
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Sobota, Daniel J. et al., “Cost of reactive nitrogen release from human activities to the environment in the United
States” (Feb. 17, 2015), IOP Science (https://iopscience.iop.org/article/10.1088/17489326/10/2/025006/meta;jsessionid=2D65E22B7A06785FCFF66ECE11C3453F.c5.iopscience.cld.iop.org).
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EPA, Nutrient Pollution, The Effects: Economy (https://www.epa.gov/nutrientpollution/effects-economy).
25
Palm, C., Blanco-Canqui, H., DeClerck, F., Gatere, L. & Grace, P. Conservation agriculture and ecosystem
services: An overview. Agric Ecosyst Environ. 187, 87–105 (2014). Ghimire, R., Norton, J. B., Stahl, P. D. &
Norton, U. Soil microbial substrate properties and microbial community responses under irrigated organic and
reduced-tillage crop and forage production systems. PLoS ONE 9(8), e103901 (2014). Virto, I., Barre, P., Burlot, A.
& Chenu, C. Biogeochemistry. 108, 17–26 (2012). Cover crops and no-till combined have been shown to produce
an economic return of over $100 per acre. National Association of Conservation Districts, Soil Health Research
(https://www.nacdnet.org/soil-health-research/).

-- Agroforestry is a land use management system in which trees or shrubs are grown around or
among crops or pastureland. The benefits of the intentional combination of agriculture and
forestry include increased biodiversity (including support for pollinators and for pest-eating birds
and insects), reduced erosion, and shade that can reduce heat-stress on crops.
-- Rotational grazing as opposed to continuous grazing, describes systems of pasturing in which
livestock are moved to portions of the pasture, called paddocks, while the other portions rest.
More than one quarter of the Midwest’s agricultural land is in some form of pasture which are
continuously grazed throughout the season; 80% of these pastures suffer from poor, uneven
fertility coupled with serious weed and erosion problems.26 Continuous grazing results in the
lowest possible pasture yields since the forage is not allowed to recuperate between grazing.
Although the alternative, of feed lots, are known to create serious health issues for meat
consumers along with problems for the climate and for the environment generally, most farmers
are reluctant to rely too heavily on pastures to feed their high-producing livestock. Better
grazing practices can produce more nutritious grass-fed animal products while working well for
human and ecosystem health.27
The production of food under current systems erodes our soils and is responsible for 37% of
greenhouse gas emissions worldwide. This can be reversed – and the health implications of
regenerative farming are at least as significant as its potentially huge contribution to climate
mitigation. The combination of ploughs, chemicals and fertilizers applied by farmers for the past
75 years has depleted our soils to where they now produce nutrient-poor food that are drowning
in chemicals with proven, dire impacts on human health. Farmers are finding ways to turn this
situation around. They need, and deserve, support.
This document is respectfully submitted by
Neva Goodwin,
Co-Director, Global Development And Environment Institute, Tufts University
Distinguished Fellow, Economics in Context Initiative, Boston University
and
June Sekera
Research Fellow, Global Development and Environment Institute, Tufts University
Visiting Scholar, Heilbroner Center for Capitalism Studies, New School for Social Research
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Grazing lands (pastures and rangelands) comprise almost 236 million ha in the United States and provide an
extensive suite of ecosystem goods and services for society, including food and fiber, soil and water resource
protection, and biodiversity conservation (Havstad et al., 2007). Increasing weather and climate variability (e.g.,
greater frequency of deluges and droughts), a growing human population with greater demand for animal protein,
and directional changes in atmospheric carbon dioxide (CO2) concentration and global temperatures challenge the
ability of grazing lands to deliver these desired ecosystem goods and services.
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“Pastures for Profit: A guide to rotational grazing”
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1097378.pdf
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