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1. Introduction

Climate change is accelerating, with scientists and policy makers issuing increasingly dire
warnings of the consequences for human well-being if serious efforts aren’t made quickly to
reduce net emissions of greenhouse gasses (Bradshaw et al., January 13, 2021; Ehrenreich,
March 18, 2021; IPCC Sixth Assessment, February 27, 2022; Plumer and Fountain, November
11,2021; Plumer and Zhong, February 28, 2022; Plumer, Zhong and Friedman, February 28,

20022; Zhong, April 4, 2022; Plumer and Zhong, April 4, 2022). Urgent calls for actions to slow
climate change have stimulated new interest in actions to harness the potential for carbon
sequestration on agricultural lands.

Agriculture’s role as both a source and a sink for emissions that influence climate change has
long been a component of the national Greenhouse Gas (GHG) inventory maintained by the US
EPA.? Agriculture in 2020 accounted for 11% of total US GHG emissions split between crop
cultivation (54%), livestock (40%) and fuel combustion (6%).> Total carbon equivalent
emissions sequestered in soils and vegetation are referred to as “carbon sinks,” but the ability to
sequester depends on land use. For example, forestry is a relatively much larger continuing sink
than cropland. Policy proposals to cap GHG emissions using a regulatory approach have failed
thus far at the federal level but have been enacted in some US states and other countries. More
recently, the private sector has established corporate goals for reducing contributions to climate
change and there has been a large amount of decentralized market activity to develop voluntary
markets for agricultural soil carbon sequestration to meet this demand from companies and
consumers wishing to offset emissions.

Distinct from past efforts to directly regulate emissions or enact “cap and trade” legislation,
recent developments are being led by private sector boards of directors to achieve corporate
sustainability goals and satisfy growing consumer demand. This represents a significant change
in the impetus for the creation of a market for emissions and sequestration of atmospheric carbon
in agricultural soils. In the agri-food sector this has included what has become known as “in-
setting” by focusing specifically on emissions and sequestration opportunities inside a
company’s supply chain. A company that purchases grain, for instance, must establish a baseline
level of emissions that result from production of the grain that is an input to the company’s
production process(es). Emissions that result from status quo production practices represent the
baseline or starting point for reducing emissions to achieve GHG goals; the same companies are
working to understand how changes in farmer management practices can reduce the GHG
intensity of crop (or animal) production, and thus lower the GHG footprint of production.
Simultaneously, farmers are seeking to determine the same thing while evaluating the private
advantages and disadvantages of a growing number of market opportunities to sell carbon that

2 https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks.
3 https://cfpub.epa.gov/ghgdata/inventoryexplorer/#agriculture/entiresector/allgas/category/all.



https://www.frontiersin.org/articles/10.3389/fcosc.2020.615419/full
https://www.frontiersin.org/articles/10.3389/fcosc.2020.615419/full
https://newrepublic.com/article/161575/climate-change-effects-hurtling-toward-global-suicide
https://newrepublic.com/article/161575/climate-change-effects-hurtling-toward-global-suicide
https://newrepublic.com/article/161575/climate-change-effects-hurtling-toward-global-suicide
https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/
https://www.nytimes.com/2021/08/09/climate/climate-change-report-ipcc-un.html
https://www.nytimes.com/2021/08/09/climate/climate-change-report-ipcc-un.html
https://www.nytimes.com/2021/08/09/climate/climate-change-report-ipcc-un.html
https://www.nytimes.com/2022/02/28/climate/climate-change-ipcc-report.html
https://www.nytimes.com/2022/02/28/climate/climate-change-ipcc-report.html
https://www.nytimes.com/2022/02/28/climate/climate-change-ipcc-un-report.html
https://www.nytimes.com/2022/02/28/climate/climate-change-ipcc-un-report.html
https://www.nytimes.com/2022/02/28/climate/climate-change-ipcc-un-report.html
https://www.nytimes.com/2022/04/04/climate/ipcc-report-explained.html
https://www.nytimes.com/2022/04/04/climate/ipcc-report-explained.html
https://www.nytimes.com/2022/04/04/climate/climate-change-ipcc-un.html
https://www.nytimes.com/2022/04/04/climate/climate-change-ipcc-un.html
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
https://cfpub.epa.gov/ghgdata/inventoryexplorer/#agriculture/entiresector/allgas/category/all

farmland can sequester.

As with any potential new market there are many challenges. Among the most prominent for
carbon farming are found at the intersection of these new opportunities with features of existing
systems, such as land tenure. If farming to help mitigate climate change is “the next cash crop”
there are significant realities that have to be addressed and real operational hurdles to overcome
(Wongpiyabovorn et al. 2022; Valiant et al. 2021.) This brief uses recent research and market
developments together with economic principles to assess the nature of the market opportunity
today for farmers and for those who would benefit from the opportunity to incentivize real
increases in net carbon sequestered in agricultural lands of the U.S. We discuss how the potential
success of these markets is currently limited by important factors, with potential ideas for
addressing the challenges and unlocking the opportunities.

I1. Challenges for Viable Carbon Farming Programs

Unattractive carbon contracts

There are several features of the current landscape of carbon farming contracts that are
unattractive even to farmers who are owner-operators. As we discuss in this section, the
payments for carbon sequestration are relatively low, most carbon contracts involve multi-year
commitments, and the future of both private and public options for carbon sequestration or
mitigation payments is highly uncertain.

Changes in farm or grazing management practices are required to enhance soil carbon
sequestration or reduce carbon equivalent emissions from fertilizer management. These changes
are not costless and unless the private benefits of changing practices or the sequencing of
practices (e.g. moving fall fertilizer application to spring or post-plant) outweigh these costs
there is no reason to expect farmers to supply GHG mitigation to other economic sectors.
Payments from voluntary private market initiatives in 2022 continue to be relatively low;
Wongpiyabovorn et al. (2022) report that farmers are currently being paid between $10 to $40
per acre for carbon farming practices. However, numbers reported from a 2013 study in Sellars
et al. (2021) indicate that carbon prices per metric ton would need to be greater than $30 per
metric ton to be worth the costs to farmers of most carbon farming practices.

Private carbon contracts also require multi-year commitments. To the extent that the market
seeks to pay a farmer for production practices that capture and store GHG/carbon in the soils, the
market will expect that such emissions are held or sequestered in the soils for multiple years.
Indeed, Plastina and Wongpiyabovorn (2021) report minimum contract lengths ranging from 5-
10 years.

Finally, rapid flux and uncertainty in the future private and public landscape of carbon farming



contracts and policies has a chilling effect on the appeal of current multi-year carbon contracts to
farmers. Wongpiyabovorn et al. (2022) discuss how demand for carbon offsets brokered through
private carbon markets rests on the credibility of the products, which is undermined by label
proliferation and the absence of an independent government standard. At the same time, the
USDA is publicly engaged in discussions of federal programs to incentivize carbon farming
(Colman et al. 2021). Farmers cannot know how commitments they make to a carbon contract
now will interact with future program options. Will credits generated through one
system/program/aggregator be verifiable as credits in alternative systems? Will adopters of
today’s carbon contracts be penalized in future, more-desirable programs because they are early
adopters, and thus any new contract they enter into would not be “additional”?

It is not surprising that in this environment, anecdotal evidence abounds of farmers hesitant to
commit to any sort of contract under existing options (public or private) due to uncertainty about
the future. The economics of irreversible decision making under uncertainty (real options
frameworks) indicates that in these conditions, we can expect to see farmers delaying
commitment to contracts because there is value to the farmer in waiting to see which market(s)
end up prevailing. Prior research has found that farmers have a $10.57/acre option value of not
signing a multi-year carbon sequestration contract, and that government sequestration payments
are preferred to payments from carbon markets (Gramig and Widmar 2018).

Land tenure and the farm lease challenge

The challenges that face carbon farming contracts are greatly magnified by tenancy issues in the
large areas of the Midwest where land is not farmed by the owner of the land but is rented. The
typical structure and length of leases used for farmland in the Midwest present challenges in
providing appropriate incentives for adoption of practices which sequester carbon.

The proportion of farmland operated under a rental agreement is highest in the major cash-grain
production regions of the U.S. such as Illinois. The percent of acreage rented is also higher for
larger, commercial farms and for farms managed by younger farm operators (Bigelow et al.
2016). The majority of non-operator landlords are not actively involved with farming. As a
result, fixed cash rental agreements are the dominant lease type. Over the past 25 years, the
percentage of acres operated under a fixed cash agreement for Illinois FBFM cooperators has
increased from less than 30% to more than 50% while the percentage of land owned by the farm
operator has remained relatively constant between 20 and 25%. While the majority of lease
arrangements involve multi-year relationships between the landowner and farmer tenant, most
leases are re-negotiated on an annual basis (Bigelow et al., 2016).

Annual cash rental agreements account for 72 percent of the non-owner operated farmland in the
region (Schnitkey et al. Sept. 28, 2021.) This poses arguably the largest barrier to the
development of carbon farming and a market for GHG/carbon sequestration. Crop choices and
farming practices that would sequester soil carbon are undertaken on an annual basis and most



rented farmland operates under annual leases, which puts at risk any GHG/carbon captured and
stored in the soils. If the farmer who adopted a practice to capture GHG/carbon loses the lease
the following year, the GHG/carbon stored in the soils is put at risk and depends on the
subsequent tenant adopting the same practices or similar practices to maintain the sequestration.
Importantly, carbon farming or GHG markets “can only succeed to the extent that tenant-farmers
and landowners are willing to engage in this new”” market opportunity (Scott and Endres 2014:
101, at 104).

Taking Illinois as an example, the typical cash lease is year-to-year. The annual lease is not
workable for a multi-year GHG contract and will limit the potential of this market given the large
share of rented farmland. Moreover, State law has significant impacts on farm leases. For
example, a tenant farmer must be given four months’ notice that the lease will be terminated for
that termination to be legally effective. Many leases are not written and operate on the
traditional “handshake” agreement. If there is not a written contract, the law defaults to a notice
requirement of October 31 and the lease is considered to begin March 1. Additionally, any
agreement “that cannot be performed in one year” requires a written contract according to the
Statute of Frauds (Uchtmann 2006; Scott and Endres 2014 at 110-11, and footnote 49 and 50 for
statutory and other citations).

Qualitative analysis via survey methods and interviews has confirmed a number of the barriers to
conservation practice adoption on rented farmland in the Midwest. Farm operators (tenants)
identify the typical lease terms — annual renewals, timeline for negotiation, rental rates — as
barriers to conservation practice adoption. This implicitly recognizes the initial costs associated
with practices that may not provide benefits until multiple years in the future. In contrast, non-
operator landowners have been found to identify market factors (i.e. profitability) and lack of
knowledge/information on conservation program and farm management practices as primary
barriers to conservation practice adoption on the land they rent to farmers (Ranjan et al. 2019).
Policy recommendations include better information and education resources, and policy designs,
targeted to landowners rather than farm operators.

Survey work with landowners in Iowa shows that adoption of conservation tillage practices is
actually more common on rented land, but confirms that adoption of conservation practices with
higher initial costs and longer-term periods for potential benefits (cover crops, buffer strips,
sediment basins) are less likely to be adopted on rented land (Sawadgo et al. 2019.) The lowa
survey work also suggests that 1) landowners currently renting to farmers engaged in
conservation tillage practices might be more likely to consider providing financing assistance to
their tenant farmers for adopting cover crop practices, and 2) the majority of landowners would
be interested in tax-based incentives for conservation practice adoption (i.e. tax-free cost sharing,
or conservation-related tax credits or deductions).



Over the life of a farmland lease, much can happen in terms of the value of leased land, the value
of farmland to the owner, market conditions, death or transfer of the property or of the tenant, or
that the tenant walks away from the lease. Anecdotally, farm operator tenants have expressed
concerns regarding the costs associated with conservation practice adoption that might result in
benefits to the land that would largely accrue to the landowner in the future. Specifically,
conservation practices may improve soil health and yield potential over time, resulting in
positive effects on land values and future increases in rental rates that would offset any gains to
the farmer tenant. These realities drastically complicate entering into multi-year leases, let alone
the challenges these add to contracts for carbon capture and storage in the field.

III. Possible Solutions

In theory, the benefits of carbon sequestration and mitigation in row-crop farm systems exceed
the costs, so it should be possible to craft a set of contracts and policies that improve social well-
being through net carbon reductions while yielding financial benefits for farmers. Here we
present suggestions for contract features and public policy strategies that can overcome the
Achilles heels of the current landscape of carbon farming contracts.

Use stacking to help payments exceed costs

Beyond GHG mitigation opportunities, other markets for environmental or ecosystem services
(ES) generated by working agricultural lands could provide additional income streams if farmers
are able to combine payments for multiple ES (often referred to as “stacking environmental
credits”’) generated by the same practice or systems of practices. Environmental advocates often
raise concerns about letting landowners get paid for multiple services that flow from the same
practice out of concern that in some cases, the additional payment for a second service would not
have been necessary to incentivize the practice. However, failure to allow stacking can prevent
socially optimal levels of investments in practices that produce multiple environmental benefits
(Lentz et al. 2014). Specifically, Lankoski et al. (2015) find that payments to farmers for either
water or carbon services individually are not enough to induce practice adoption, while credit
stacking is a viable option for encouraging farm practices that yield both sets of benefits with
sufficient payoff for the farmers.

Government conservation programs that provide cost-share payments to farmers to adopt more
environmentally benign practices are payments made by USDA to a farmer to implement
practices and are not payments for any specific environmental outcome (i.e. carbon
sequestration, nutrient loss mitigation). To the extent that farmers can receive initial support
from EQIP, CSP or a related Regional Conservation Partnership Program (RCPP) to implement
practices that generate or enhance environmental service flows, existing USDA programs can
help offset the cost and in some cases may reduce the risk of changing management practices to
receive payments for ES. A simplified example of this would be a farmer who applies for and



receives EQIP funding to implement cover crops; if this farmer is able to reduce fertilizer usage
on cover cropped fields to receive GHG reduction credits and simultaneously reduce Nitrogen
runoff and leaching that improves water quality, they may be able to stack credits for climate
change mitigation and water quality regulation ES and be paid for these services by a carbon
market and a water quality trading market operating in their watershed.

Break the barrier of long multi-year contracts

Inflexible long contracts discourage owner-operators from taking part in carbon farming
programs and are especially problematic in the context of leased farmland. Creative contract
design can allow meaningful participation in short term contracts for carbon farming practices
while encouraging multi-year practice adoption that best fosters soil carbon sequestration.
Gramig (2012) previously discussed alternative structures for agricultural soil carbon
sequestration payments to address the nonlinear time-path of carbon accrual in soils. One option
is to pay annually for the small incremental carbon accrual in the soil (or fertilizer emissions
avoided/reduced), effectively renting the carbon in the soil as it accumulates until the soil’s
carbon saturation point is reached and a maintenance payment is made as an annuity after
saturation is achieved. Other economic research has called for permanent abatement to be
purchased after an initial fixed term sequestration rental contract (Herzog Caldeira and Riley
2003) recognizing the non-permanent nature of soil carbon storage. As these markets mature,
contract provisions will be necessary to address other factors such as potential changes in land
ownership. For example, if one owner-operator takes payments in exchange for lower profits to
sequester carbon in the soil and then sells the land, it needs to be clear how the obligation to that
contract (and the “ownership” of the stored carbon) changes with the sale.

The fact that soil carbon storage is not permanent is almost entirely unaddressed in the current
voluntary carbon market, and the low prices being paid for soil carbon credits reflect this to a
certain extent. The social value of permanent GHG emissions abatement or storage of
atmospheric carbon is arguably much higher than the value to society of temporary soil carbon
storage. It’s possible that creating contracts that are explicit about duration of sequestration could
yield payments for long-term storage that are higher than current going rates,

Resolve policy and contract uncertainty

The current landscape has many different contracts and intermediaries that have sprung up in an
independent and uncoordinated manner. There are no national standards for defining and
verifying carbon offsets, and change happens so quickly in this market that farmers and
landowners can’t tell whether a better program will come along right after they have made a
multi-year commitment to one of today’s suppliers. A Federal program through USDA could
help by providing a unifying approach to carbon markets and how conservation practices
qualify/contribute. A new USDA initiative in this vein is the Biden administration’s Partnerships
for Climate-Smart Commodities program intended to spur innovation and public-private



partnerships to enhance agricultural resilience to climate change, including through markets for
environmental goods and services.*

Private companies could also collectively benefit from industry-wide norms for contract
provisions that allow farmers to enter into a new contract even if they previously engaged in
carbon farming practices with a different company. Such provisions would ease farmer and
landowner fears of being penalized in future programs for having been early adopters, and
prevent them from avoiding carbon farming contracts entirely now in order to keep the option
open to take a better contract that might come along in the following years.

A more fundamental concern about current carbon farming contracts is long-term viability of
demand. No public policy, like a cap-and-trade greenhouse-gas emissions program for industrial
sources, creates binding demand in the U.S. for soil carbon storage. The current landscape is an
entirely voluntary market for soil carbon storage, and the amount of soil sequestration possible
greatly exceeds voluntary market demand today. The only obvious sources of value are niche
consumer demand for emissions offsets for carbon-intensive activities (i.e. air travel) and
corporate or other institutional demand for sequestration credits to offset GHG emissions that
count towards achieving environmental performance targets. These sources of demand are
unstable, and In both cases the common critique of “off-setting” applies because global
emissions may not actually decline enough to reverse the effects of climate change we are
already experiencing. If the U.S. were able to establish a meaningful greenhouse gas limitation
policy with national constraints on emissions (say, from fossil fuel consumption), then demand
for soil carbon storage as an offset would be stabilized at a higher level than the present day.

Facilitating carbon farming contracts for leased farmland

It is difficult to craft strategies that provide appropriate incentives and legal protections for
landowners and farmers in the context of carbon farming on leased land. However, these
challenges are not unique to carbon farming. For example: organic farms must pass through a
three-year transition to achieve certification, and accomplish strict ongoing compliance with
organic requirements (Fuller et al. 2021); perennial energy crops (Scott and Endres 2014, 2013a -
2013d; Scott et al. 2013) and agroforestry (Keeley et al. 2019; Chenyang et al. 2021) face
limitations from annual rental agreements; wind and solar energy production are working to
address tenancy and rental agreement issues (Richardson et al. 2022).

Fortunately, lessons can be learned by studying experiences with other ag-environmental
programs that address issues of tenancy and rental agreements when conservation actions have
short term costs, long-term benefits, and require multi-year contracts. Existing and emerging
voluntary programs contract directly with landowners over multiple years, and then serve as
intermediaries/aggregators to contract with farm tenants who agree to operate using conservation

4 https://www.usda.gov/climate-solutions/climate-smart-commodities
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practices. Another strategy would adopt features of federal policy approaches, combining the
longer-term nature of CRP with aspects of existing “working lands” programs to rent the land,
then contract with farmers to adopt the practices on those lands.

Olson (2021) explains how tenant farmers can still participate in the multi-year Conservation
Stewardship Program (CSP.) Legal analyses by Cox (2010, 2011) discuss how to achieve
sustainable farming practices on rented land, and Schnitkey et al. (Jul 13, 2021) point out that
multi-year ag-environment programs will gain more traction on lands where the operating farmer
has a good expectation of a long term relationship with the landowner through informal
connections or the nature of the contract. Masuda et al. (2021) analyze factors that yield low
take-up of existing government environmental programs on rented lands. They suggest a suite of
interventions that could help non-operating landowners and farm operators work together to take
advantage of ag-environmental programs, including monitoring service provision and contracts
designed to cover both transactions costs and operational costs, reducing risks to both parties.
Findings from a broad survey of non-operating landowners by Petrzelka et al. (2021) similarly
“suggests is that there is a communication gap rather than a difference in views between the
landowner and renter, and that the gap is what has led to reluctance to implement conservation
practices on rented land.”

IV. Conclusions

The growing climate-change crisis demands policy and market innovations to harness the
potential for agricultural lands to sequester carbon. The uncoordinated emergence of private
market options for payments to farmers for carbon credits has important limitations. Payments
for carbon are low compared to the production and transaction costs of accomplishing
sequestration. The dynamic nature of soil-carbon accumulation has produced contracts for
carbon farming that have multi-year temporal minimums that farmers prefer to avoid.
Uncertainty about the future of private markets and public policy around carbon farming
discourages farmers further from committing to a long-term carbon farming agreement, and the
nature of farm leases make it particularly challenging for carbon-farming markets to gain traction
in areas where non-owner-operated farms are highly prevalent.

Strategic steps could mitigate many of these challenges that are currently stifling uptake of
carbon-market opportunities. First, farmers could be allowed to secure payments for multiple
ecosystem services that flow from sustainable practices rather than being limited to payment for
carbon alone; this will bring benefits into line with costs to farmers. Second, carbon-farming
contracts could be developed that do not require long term contracts and aim for permanent
carbon storage; renting carbon stored temporarily in soil is still beneficial, and short term
contracts may appeal to farmers for whom multi-year commitments are challenging. Third,
policy and market uncertainty could be reduced by having the USDA create guidelines and



standards to stabilize the credibility of the carbon credits farmers produce and stop farmers from
needing to wonder if a better program will come along the next year. Fourth, carbon markets and
programs can use a range of strategies related to communication, contracting, and provision of
monitoring services to facilitate involvement non-owner-operating farmers.

These challenges are thorny but not insurmountable. Farmers, farmland owners, and society at
large have much to gain from initiatives that address the limitations of the current landscape of
markets and policy and unlock the power of carbon-farming programs to help farmers to help the
world by slowing the climate crisis.
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