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ABSTRACT

THE ROLE OF CARBON CREDITS ON FARMERS’ ADOPTION OF CLIMATE-
SMART PRACTICES IN SOUTH DAKOTA

STEPHEN CHEYE
2023

Net-zero pledges and carbon credit systems have gained momentum due to the growing
urgency to address climate change and limit global warming to below 2°C above pre-
industrial levels. Agricultural carbon credits can be a potentially win-win mechanism by
providing extra income for farmers while helping to reduce greenhouse gas emissions.
Nevertheless, there is a paucity of understanding about farmers’ willingness to accept
carbon credit incentives and adopt climate-smart practices that sequester carbon. To
address this, we analyzed 309 responses from a South Dakota producer survey conducted
in 2021. We estimated probit and interval regression models to ascertain the level of carbon
credit incentives farmers are willing to accept and adopt climate-smart practices and the
factors affecting farmers’ willingness to accept carbon credit incentives, and based on our
results, about half of farmers would consider adopting climate-smart practices to sequester
carbon at a given carbon credit price of about $50/ton. The results indicate that farmers’
perceptions of the co-benefits of climate-smart practices such as reduced soil erosion,
reduced nutrient runoff, enhanced wildlife habitat, etc., positively affect their willingness
to accept carbon credit incentives and adopt climate-smart practices. Also, farmer previous
experience with weather extremes had a significant but mixed effect on their willingness
to accept carbon credit incentives and adopt climate-smart practices. Other factors, such as

the younger age of the farmer, higher gross sales, a higher slope of land, and the importance



of webinars and SDSU extension service as information sources, make the farmer more
likely to adopt the practices at a given carbon credit value. We suggest that besides financial
incentives, higher adoption rates of climate-smart practices might be realized if carbon
credit payments are accompanied by information dissemination on the co-benefits of
climate-smart practices such as reduced soil erosion, reduced nutrient runoff, enhanced
wildlife habitat, and climate change adaptability via university extension programs and

webinars.

Keywords: Adoption decision, Carbon credit, climate-smart practices, willingness-to-

accept, carbon market.



CHAPTER I

INTRODUCTION

Net-zero pledges and carbon credit systems have gained increased attention due to
the growing urgency to address climate change and limit global warming to below 2°C
above pre-industrial levels (Bouckaert et al., 2021; Blaufelder et al., 2021; Shockley and
Snell, 2021; Wongpiyabovorn et al., 2021). Agriculture is both susceptible to climate
change and a major source of the greenhouse gases (GHGs) that are fueling it (Beddington
etal., 2012; Metz et al., 2007; NRCS, 2010). In 2020, agriculture accounted for 11% of the
total greenhouse gas emissions (EPA, 2022) and thus needs to be effectively decarbonized.
Extreme weather events such as severe droughts, floods, and wildfires are anticipated to
increase in severity and frequency due to climate change (Center for Climate and Energy
Solutions, 2023) and are expected to adversely affect agricultural productivity (USGCRP,

2018).

The agricultural sector, although a key source of greenhouse gas emissions, also
serves as a carbon sink, thus helping to combat climate change (World Bank, 2012; Lunik
et al., 2021). According to the IPPC's 2019 report, grassland and cropland have a 30-year
economic sequestration potential ranging between 0.38 and 2.5 gigatons of CO> equivalent
per year. The latest global report on climate change mitigation also points out the potential
for sustainable agriculture, which could sequester 4.1 Pg CO: equivalents per year (IPCC,
2022). Adoption of climate-smart practices can enhance the sequestration of carbon and

also minimize the loss of carbon into the atmosphere (Lal, 2004). In addition, they enhance



soil cover and crop diversification (Kassam, Friedrich, & Derpsch, 2019) and contribute to

soil health (Wade, Claassen, & Wallender, 2015).

Climate-smart practices such as reduced tillage, no-till, cover crops, and diversified
crop rotation have the potential to sequester a considerable amount of carbon. For example,
in the Corn Belt region, no-till has a carbon sequestration potential of 0.42 tons CO2e acre-
1 yr-1, while cover crops such as rye could sequester 0.38 tons COZ2e acre-1 yr-1 (McNunn
etal., 2020). However, participating in carbon programs and the adoption of these practices
have associated costs, such as the cost of machinery and the cost of soil testing and
verification in some cases. Besides, the benefits of the practices adoption, such as yield and
profits, may not manifest immediately (Saak et al., 2021). As such, providing farmers with
carbon credits could incentivize them to switch their practices to these climate-smart
practices to store more carbon. In addition to the existing USDA programs such as the
Conservation Reserved Program (CRP), Environmental Quality Incentive Program
(EQIP), and Conservation Stewardship Program (CSP), the presence of voluntary carbon
markets (VCM) presents a potentially win-win opportunity to sequester carbon through

incentive adoption of CSPs and provide extra income for producers through carbon credits.

A carbon credit, which represents one metric ton of carbon dioxide equivalent
(Oldfield et al., 2021), allows farmers to be rewarded with incentives for adopting practices
that sequester carbon. There have been heightened efforts to promote voluntary carbon
markets and the adoption of CSPs. For example, the U.S. Growing Climate Solutions Act
of 2021 aims to bolster the voluntary market for agriculture carbon credits by limiting the
entry barriers for agricultural producers (Congress, 2021). Apart from the federal efforts,

several private companies, including the Ecosystem Services Market Consortium (ESMC),



Agoro, and Nori, etc., are increasing investment in carbon credits. Despite these efforts,
agricultural producers are hesitant to enroll in carbon programs and store carbon. A study
by the Purdue University-CME Group Ag Economy Barometer (2021) found that while
39% of producers in the U.S. were informed about opportunities to obtain carbon credit
payments, just 7% actively engaged in discussions, and only 1% have signed contracts to

store carbon.

Few studies have tried to explore the underpinning factors affecting producers’
decisions to adopt CSPs given carbon credits. The literature shows mixed findings on the
primary motivations for producers to accept carbon credit incentives and switch from
conventional to CSPs that store carbon. While some studies (Cook and Ma, 2014; Mattila
et al.,, 2022; Kragt et al., 2017; Fleming et al., 2019) find that farmers are primarily
motivated by co-benefits such as erosion reduction and improved soil health, others have
established a strong link between farmers’ adoption of carbon farming practices and
financial incentives (White et al., 2018; Gramig and Widmar, 2018). According to the
Purdue University-CME Group Ag Economy Barometer (2021) survey, most producers
(64%) indicated the payment level offered as a motivating factor for their enrollment in

carbon credit programs.

In the context of the United States, a narrow strand of literature (e.g., Ma and
Coppock, 2012; Ma et al., 2012; Cook and Ma, 2014; Gramig & Widmar, 2018) explored
the nexus between row crop farmers' engagement in carbon programs and their adoption
of climate-smart practices. These studies addressed aspects relating to farmers’ knowledge
and attitude toward carbon sequestration, farm and farmer characteristics, the amount of

net revenue required to change practices, the level of acreage enrolled, farmers’ preferences



for different attributes of prospective climate change policies, and their willingness to
accept payment to change tillage practices to supply emissions offsets. Based on the extant
literature, there is a paucity of studies in the Midwest that examine the carbon credit
incentive producers are willing to accept and change their management practices to store
carbon. Also, there are very limited existing studies that explore row crop farmers’ decision
to adopt climate-smart practices given carbon credit in the region, which necessitated this

study. Specifically, the study addresses the following objectives:

1. Determine the carbon credit price that farmers are willing to accept to change
their management practices to store carbon.

2. Identify the factors influencing farmers’ willingness to accept carbon credit
incentives and adopt climate-smart practices.

3. Examine the determinants of the level of carbon credits incentive farmers are

willing to accept and change their farming practices.

Understanding the supply-side factors of carbon credits will be critical to inform
policymakers and stakeholders on how to foster farmers' participation in the carbon market
and adoption of climate-smart practices. The rest of this paper will be in the format outlined
as follows: The literature on climate-smart practices, the carbon credit market, and the
factors influencing farmers' adoption of climate-smart practices and participation in carbon
credit programs is presented in Chapter 2. Chapter 3 presents the study methodology,
specifically the description of the survey and data and the specification of the empirical
models employed to analyze the data. In Chapter 4, the results as well as the discussion of
the results are presented. The study's conclusions and recommendations are available in

Chapter 5 of the paper.



CHAPTER II

LITERATURE REVIEW

This section of the study presents a review of the literature on carbon sequestration
potential and the factors that influence farmers’ willingness to accept carbon credit
incentives and adopt various climate-smart practices. Also, a review of the carbon markets

IS presented.

2.1 Agricultural Practices that Sequester Carbon

The potential of climate-smart practices to sequester carbon in soil and reverse the
effects of climate change has been well documented. Climate-smart practice comprises a
suite of practices that sequester carbon and improve resilience and soil health, such as
reduced and no-till, cover crops, diversified crop rotation, and prescribed grazing (USDA,
2021). These practices, as opposed to conventional agricultural practices, are characterized
by zero or minimal soil disturbance and enhance soil cover. Essentially, these practices
increase the quantity of carbon inputs in the soil and reduce soil carbon losses. The carbon
sequestration potentials of these practices are affected by an interplay of various factors
such as the climate, soil, topography, and the practices applied (Moore et al., 2021; Lunik
etal., 2021; Bruner et al., 2021). Climate-smart practices such as cover crops, crop rotation,
no-till, reduced-till farming, and integrated crop-livestock systems (ICLS) have been
shown to have significant potential for carbon sequestration in soils. When adopted as a

suite, they can synergistically increase soil organic carbon.

Bruner et al. (2021) found that cover crop use under no-till sequestered 1.3 tons of
CO2e ac-1 yr-1 relative to no cover crop systems after 12 years. This finding is in line with

the finding of McNunn et al. (2020), who estimated that multiple climate-smart practices



adopted in the Midwest had a mean reduction potential of 1.1 tons CO2e ac-1 yr-1. These
practices can help reduce the amount of carbon dioxide in the atmosphere by storing carbon
in the soil. However, there is still skepticism regarding how efficiently the practices can
ensure net GHG emission reductions (Moore et al., 2021). Understanding the carbon
sequestration potential of these climate-smart practices is key to scaling up their adoption
to optimize carbon storage. The carbon sequestration potential of various climate-smart

practices is presented in Table 1.

2.1.1 No-till

Conventional tillage disrupts the soil structure that conserves soil carbon, resulting
in the release of carbon into the atmosphere. In contrast, no-till, which entails zero
mechanical soil disturbance (Swan et al., 2015), is known to increase soil carbon. Also,
reduced till practices such as strip-till, which is considered in the same practices standard
(CPS 329) as no-till, entail minimal soil disruption, which enriches soil organic carbon
accrual (Swan et al., 2015). A study by McNunn et al. (2020) showed that no-till practice
could sequester 0.42 tons CO2e ac-1 yr-1 in the Corn Belt region. This sequestration
potential is similar to the 0.31 tons COZ2e ac-1 yr-1 (Swan et al., 2015; Bergman, 2022) for
the moist/humid region and 0.35 tons CO2e ac-1 yr-1 for dry/semi-arid region. McNunn et
al. (2020) also estimated that switching from conventional till to reduced till could
sequester a net amount of 0.1 tons CO2e ac-1 yr-1. Luo et al. (2010) concluded in a meta-
analysis of 69 paired experiments that, while cultivation of natural soils led to soil carbon
loss, no significant disparity exists in the soil carbon stock between conventional tillage

and no-till.



2.1.2 Cover crops

Cover crops are crops planted between cash crop seasons to serve as a safeguard
for the soil (Bergman, 2022). Cover crops enhance carbon sequestration through an
increase in total annual plant growth and the buildup of diverse soil microbial communities
(Moore et al., 2021). As noted by Ruis and Blanco-Canqui (2017), cover crops augment
soil organic carbon through biomass carbon input, soil aggregation, and reducing carbon
loss through soil erosion. Abdalla et al. (2019), in a global systematic analysis, found that
cover crops could mitigate net greenhouse gas balances by 0.83 tons CO2e acre-1 yr-1.
Bruner et al. (2021) estimated the emission reduction potential of cover crops in the Corn
Belt States using the Carbon Reduction Potential Evaluation Tool (CaRPE) and the Carbon
Management Evaluation Tool (COMET). Based on their estimates, cover crops have a
potential of 0.35 tons CO2e acre-1 yr-1, at a depth of 30cm. Their estimated emission
reduction is in the range of 0.16-0.35 tons CO2e acre-1 yr-1 for the Corn Belt States within
a depth of 50 cm, as estimated by McNunn et al. (2020), who used a Denitrification-
DeComposition model (DNDC). These sequestration estimates are in the range provided
by Swan et al. (2015) and Bergman (2022), who indicated a sequestration range of 0.21-

0.37 tons CO2e acre-1 yr-1.
2.1.3 Diversified crop rotation

According to Wang et al. (2019), diversified crop rotation (DCR) is defined as the
cultivation of at least three crops in a rotation, particularly among row crop producers. Crop
rotation increases soil organic carbon (SOC) content and CO; sequestration by accelerating
crop residue recycling into the soil (Hutchinson, Campbell, and Desjardins, 2007). Diverse

crop rotations have the potential to sequester 0.21-0.26 tons COze acre™ yr! depending on



the climate zone (Swan et al., 2015; Bergman, 2022). A meta-analysis based on 122 studies
was done by McDaniel, Tiemann, and Grandy (2014) to examine the impact of crop
rotation on the total soil C and N contents. They discovered that a monoculture's addition
of one or more crops in rotation raised the total soil C by 3.6%. The amount of carbon in
the soil rose by 8.5% when rotations included a cover crop, or crop that is grown but not
harvested, in order to improve the soil and collect inorganic nitrogen. Similarly, King and
Blesh (2018), in meta-analysis based on cropping experiments that spun across North
America, South America, Europe, Australia, and Asia, points out that on average, crop
rotations with cover crops produced an increase in SOC levels by 6.3%, and for perennial

crop rotations, SOC increased by 12.5%.

2.1.4 Integrated crop-livestock systems

Also, integrated crop-livestock systems allow for nutrient recycling, which
enhances climate change resistance through buffering mechanisms in both field-level
biophysical processes (Szymczak et al., 2020). It has been observed that integrating cattle
and crops increases soil organic carbon. For instance, Liebig et al. (2020), in a lengthy trial,
examined the impacts of the ICL system on soil organic carbon. They found that the soil
organic carbon stocks under the grazed treatment likewise grew over time by 10 tons C per

ha.



Table 1: Carbon sequestration potential, approach, region, and soil depth of various
climate-smart practices

I . . Soil Potential
Citation Region Practice Approach Depth (cm)  (ton COse acre™! yr)
Bruner et al. (2021) Corn Belt, No-till  CaRPE/COMET 30 0.41
Southern Plains
Swan et al. (2015);
Bergman et al. Moist/humid No-till CP%TE - 0.31
(2022)
Swan et al. (2015);
Bergman et al. Dry/semi-arid No-till %%I?]Ani-rr - 0.35
(2022)
McNunn et al. .
(2020) Corn Belt No-till DNDC - 0.42
Swan et al. (2015);
Bergman et al. Moist/humid) Reduced till (I:Dloawni-rr - 0.20
(2022)
Swan et al. (2015);
Bergman et al. Dry/semi-arid Reduced till (I:Dloawni-rr - 0.17
(2022)
Buner et al. (2021) ComBelt, .\ orcrops  CaRPEY/COME? 30 0.35
Southern Plains
Swan et al. (2015); COMET
Bergman et al. Moist/humid Cover crops Planner - 0.37
(2022)
Swan et al. (2015); COMET
Bergman et al. Dry/semi-arid Cover crops Planner - 0.26
(2022)
McNunn et al. Cover crops 3
(2020) Corn Belt (clover) DNDC 50 0.32
McNunn et al. Cover crops
(2020) Corn Belt (rye) DNDC 50 0.38
Abdalla et al. (2019) Global Cover crops Meta-analysis 30 0.83
Swan et al. (2015); Diversified
Bergman et al. Moist/humid Crop %%wni-rr - 0.22
(2022) Rotation
Swan et al. (2015); Diversified
Bergman et al. Dry/semi-arid Crop CI:D%'XInEI - 0.26
(2022) Rotation

1 CaPRE — Carbon Reduction Potential Tool

2 COMET — Carbon Management Evaluation Tool

3 DNDC - Denitrification-DeComposition
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2.2 Carbon Credit Markets

There has been an increase in pledges by various corporations across the globe to
attain net-zero or carbon neutrality by 2050, which in recent times has increased the
demand for carbon credits. The number of corporations targeting "Net Zero™ has increased
two-fold to 1,000 companies from 2019 to 2020 (Blaufelder et al., 2021). Certain
companies have created a framework that incentivizes agricultural producers to adopt
climate-smart practices and generate carbon credits. This presents a potentially win-win
opportunity where farmers are rewarded with income for sequestering carbon while

allowing companies to offset their emissions.

2.2.1 Types of carbon credit markets

Farmers can earn carbon credits as incentives for storing carbon in soils in a couple
of ways. On the basis of how the credit is provided, the markets can be categorized as either
offset markets or inset markets (Thompson et al., 2021). With inset markets, initiatives
such as education, technical support, and financial aid are collaboratively provided by a
corporation to reduce emissions within its supply chain. Offset markets differ in that the
carbon credits are generated by producers through carbon sequestration. The credits are

then verified and purchased by emitters to compensate for their carbon emissions.

In the offset system, the carbon credit generated can be marketed through a
voluntary carbon market or a regulatory carbon market. A mandatory market, also known
as a regulatory or compliance market, encompasses entities that are lawfully obliged to
reduce their GHG emissions. These markets are framed around regional, national, or
internal requirements to mitigate GHG emissions (Rosende, 2022). The emissions by

institutions or corporations are restricted by imposing taxes on the emissions or putting a
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cap on the volume of emissions. In the U.S., the California Cap-and-Trade Program and
the Regional Greenhouse Gas Initiative (RGGI) constitute compliance markets. In contrast
to the mandatory carbon market, voluntary markets are characterized by corporations that
aim to offset their emissions willingly. The standards, procedures, and measurements in
the voluntary carbon market are not fixed, unlike those in the regulatory carbon market

(Rosende, 2022).

As spotlighted by Plastina and Wongpiyabovorn (2021), the voluntary agricultural
carbon market is still nascent with diverse rules, incentives, and penalties. Currently, there
is a limited supply of carbon credits (Lunik et al., 2021), while the demand could be up to
1.5 to 2.0 gigatons of carbon dioxide by 2030 and up to 7 to 13 gigatons of carbon dioxide
by 2050 (TSVCM, 2021). Also, the carbon market is projected to grow by a factor of 15
by 2030, which could be worth more than $50 billion, and by a factor of 100 by 2050. The
demand for offset credits is expected to increase quickly in the future, which will call for

an increased supply of credits.

In the United States, there are several private carbon credit companies that offer
incentives to farmers to generate carbon credits, which are then bought by large
corporations and other entities to offset their emissions (Plastina and Wongpiyabovorn,
2021). The practices that are eligible for farmers to enroll in include cover crops,
conservation tillage, nitrogen optimization, diversified crop rotation, improved grazing,
and increased biodiversity. Payments to farmers are either per ton or per acre. The price
ranges from $15 per ton to $30 per ton for companies that pay farmers on a per-ton basis
and from $10 per acre to $31 per acre for companies that offer carbon credit payments for

farmers on a per-acre basis. While all programs require additionality, that is, adopting new
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practices to sequester carbon, some programs qualify practices that have been adopted in
the past. Also, some programs allow for "stacking,"” where producers can enroll in multiple
programs if they are not privately funded or do not generate credits, while others prohibit
multiple program enrollment of any sort. Regarding the acreage requirement, some
programs do not have a minimum number of acres for farmers to enroll, while others
require up to 1,000 acres. The contract length required for enrollment ranges from 1 year
to 10 years. For some carbon programs, producers can opt out without any penalty, while

others require producers to retain the practices for up to 10 years after the contract ends.

2.2.2 Challenges with voluntary carbon credits

Additionality: This requires that the carbon credits be given for carbon
sequestration that is only an add-on, such that the abatement would not have happened
irrespective of the program (Thamo et al., 2020). Strictly speaking, carbon credits
generated for practices that have been historically adopted are not additional. This does not
benefit farmers who have already adopted the practices. Some carbon credit companies, in
an attempt to motivate producers to enroll in their programs, generate credits based on

practices adopted in the past.

Permanence: When farmers revert to conventional practices, the carbon captured is
released back into the atmosphere. To avoid reversal, practices must be maintained over a
long period of time. Besides tillage, which reverses carbon, other phenomena such as
flooding and drought could release carbon stored in the atmosphere back into the
atmosphere (Lunik et al., 2021). Permanence might cause hesitancy among farmers to
participate in programs if changes occur in a way that makes other methods of production

more beneficial (Thamo et al., 2020). Providing farmers with sufficient incentives and
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increasing education and awareness of the co-benefits of adopting climate-smart practices

could be vital to addressing the limitations.

Leakage: This entails GHG emissions that result from actions taken to reduce or
offset GHG emissions outside of project boundaries (Oldfield et al., 2021). The emissions
may happen in a different location, at a different time, or in a different type of greenhouse
gas (Thamo et al., 2020). As stated by Thamo et al. (2020), leakage comprises direct and
indirect forms. With direct leakage, emissions result from direct activities to sequester
carbon. Indirect leakage results from market adjustments in response to sequestration.

Farmers are required to ensure no leakage occurs.

Adoption and program cost: Another challenge for farmers is the cost that comes
with switching to climate-smart practices to store more carbon. As shown in Table 2, for
example, for 2021, a price of $41 mt CO2 -eq will yield a breakeven for a switch from
reduced till to no-till for soybean, and $28 mt CO2 -eq yield a breakeven for changing from
conventional tillage to reduced till for corn. Besides, farmers are faced with additional costs
for soil testing and verification required for generating carbon credits in some carbon
programs (IFC, 2013). The NRCS (2022) notes indicate that soil tests typically cost $7 to
$10 per sample. Also, while some programs cover the cost of verification, some carbon
companies require farmers to pay the verification fees to a third party (Plastina, 2022),
which could cost between $3,000 and $5,000 (Gullickson, 2020). For such a high
verification cost, farmers with large farms could benefit, while farmers with small acres

would be at the disadvantage of farmers with smaller farms.
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Table 2: Breakeven prices for crop farm practices used for carbon sequestration in the
northern Great Plains

Breakeven price Adjusted breakeven price

Practice CIOP 2010 $/mt CO-eq) (2021 $/mt CO; -eq)*

Conventional tillage to

reduced tillage Corn $23 $28
Reduced tillage to no-till Corn $14 $18
Conventional tillage to

no-till Corn $18 $24
Reduced tillage to no-till  Soybeans $34 $41
f]:(())_rt]i\izlantlonal tillage to Soybeans <$0 <$0

Note: Negative break-even prices result from cost savings as a result of changing from
conventional till to no-till and switching from reduced till to no-till for soybeans

2.3 Factors Affecting Farmers® Adoption of Climate-smart Practices and Participation in

Carbon Programs

The literature shows that the factors influencing farmers’ decisions to adopt
climate-smart practices and participate in a carbon credit program are eclectic. These
factors can be grouped into four key themes as follows: perceived economic benefits,
perceived co-benefits, climate change perceptions, and farm and farmer characteristics. In
a recent study, Buck and Palumbo-Compton (2022) reviewed 37 studies on the adoption
of climate-smart practices and farmers engagement in carbon credit programs. Their review
found that the perceived co-benefits of adopting climate-smart practices are a central
determinant of adoption, particularly in light of a weak carbon policy and low carbon

pricing. To understand the motivations and barriers for broadacre farmers in Australia to

* Breakeven prices for 2010 were adjusted for 2021 prices using the 2010 Consumer Price Index
for all Urban Consumers (CPI-U). https://www.bls.gov/data/



https://www.bls.gov/data/

15

adopt carbon farming, Kragt, Dumbrell, & Blackmore (2017) estimated a logit model based
on survey data from 125 broad-acre farmers. The authors found that farmers’ perceptions
of co-benefits relating to yield, productivity, and the environment played a significant role
in carbon program participation. The authors therefore concluded that actively promoting
the co-benefits and climate change benefits is critical to augmenting farmers' engagement

in carbon programs.

Similar to Kragt et al. (2017) and Dumbrell et al. (2016), the authors explored, using
a best-worst approach, the carbon farming activities farmers are more likely to adopt and
the factors that influence their decision to engage in carbon programs. Based on an analysis
of 43 farmer responses to a survey, they found that improved soil quality and reduced soil
erosion are regarded by farmers as the most significant benefits of carbon farming.
Interestingly, the authors showcased that the prospect of producing carbon credits was not
a significant driver for farmers’ adoption of carbon sequestering practices. These findings
are in line with those of Kragt et al. (2017). These studies are corroborated by others, such
as Davidson et al. (2019), Gosnell et al. (2020), Ogieriakhi and Woodward (2022), and

Mattila et al. (2022).

Regarding economic motivations, Dumbrell et al. (2016) found that farmers'
engagement in carbon programs was constrained by the price of carbon and the effects of
farming practices on productivity and profitability. White et al. (2018) also reached a
similar conclusion in a study on farmers’ willingness to participate in carbon credit
programs in Vermont, U.S., using a best-worst-choice approach. They suggested that the
primary consideration for forest landowners in a carbon credit program is revenue. But the

study's focus was on small forest owners. The authors also discovered that factors that
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favorably influence their readiness to adopt forest carbon credit programs include shorter

program length, greater revenue, and lower withdrawal penalties.

With regards to farm and farmer characteristics, Ma et al. (2012) found using a first
hurdle probit estimation that older farmers are less likely to consider payment for
ecosystem services. Davidson et al. (2019) examined the determinants of farmers' adoption
of climate-adaptive practices and found that belief in climate change rarely motivates
farmers to adopt climate-adaptive practices; rather, expectations for economic benefits,
improvements in soil quality, and biodiversity, among other things, tend to influence
farmers adoption of climate-adaptive practices. Also, to understand the interplay between
landowner knowledge, value, belief, attitude, and willingness to act towards carbon
sequestration, Cook and Ma (2014) analyzed the data of Utah rangeland owners using
descriptive and bivariate statistics. Kragt et al. (2017) found that farmers’ awareness of
other carbon farmers’ perceptions of the benefits of reductions in GHG emissions due to
changing their practices positively affects their decision to adopt carbon farming and

change practices.
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CHAPTER IlI

METHODOLOGY
3.1 Survey Description

The data for the study is based on a 2021 survey in South Dakota, conducted in
collaboration with the South Dakota Corn Utilization Council. We resurveyed farmers who
completed our survey conducted in 2018° South Dakota farmers’ survey. We employed a
structured questionnaire for the survey. Out of the 708 farmers surveyed in 2018, we
attempted to resurvey 687 producers due to missing unique codes for some of the
respondents. We obtained 593 eligible producers, as 94 were no longer farming or
reachable. The selected farms were first contacted by letter, which included a link to an
online survey as well as information about the study. Those who did not respond in the
initial round were sent paper questionnaires with stamped return envelopes in four waves.
A total of 350 producers completed our survey, which resulted in a 59% response rate. Out
of the 350 eligible responses we obtained, 41 observations had incomplete or inconsistent
responses. We posit that if a farmer is willing to accept a particular carbon credit value, the
farmer would be willing to accept higher carbon credit incentives to change practices based
on consistency assumption. As such, we removed all the 41 observations that were either

incomplete or inconsistent, which resulted in 309 complete responses.

The survey covered the demographic characteristics of farmers, farm and farming
decisions, farm management practices, management decisions and perceptions, and the
influence of extreme weather events. The geographic distribution of survey responses by

the farmers is presented in Figure 1.

® See Wang et al. (2021a) for details of the 2018 survey.



18

0 25 50 100 150
|  Eaaaaaa——

Miles W<¢>E
Number of Farmers

[ J1-4
[s5-8
Bly-12
B i3-17
Bl 1s-22
[7] No Data

Figure 1: South Dakota County map of respondents

Questions asked about the influence of extreme weather events, the environment,
perceptions of farm management decisions, farm management practices, and the
demographic characteristics of producers allow us to examine the factors affecting farmers’
willingness to accept (WTA) the carbon credit incentive and change their farm

management practices.

3.2 Data Description
We asked producers about their willingness to store more carbon and supply carbon
credit by changing their management practices. The producers were provided with three

response options: yes, no, or not sure, to accept carbon credit payments, which ranged from
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$10 per ton to $50 per ton, and change their farm management practices, i.e., adopt climate-

smart practices that store carbon.

Based on this information, we modeled two dependent variables. First, the
information was utilized to create a binary dependent variable: WTA = 1 if the response
was yes for all five carbon credit values, or otherwise = 0 if the responses were "no" or
"not sure" for all the carbon credit values. This allows for a plausible application of a probit
model to determine the factors that influence the decision to adopt climate-smart practices
given carbon credit incentives. Secondly, the carbon credit values, which we used to elicit
farmers decisions to adopt climate-smart practices, were used to construct six willingness-
to-accept intervals: 1 = (— oo < y* < $10), 2 = ($10 < y* < $20), 3 = ($20 < y* <
$30), 4 = ($30 < y* < $40), 5 = ($40 < y* < $50), 6 = ($50 < y* < ). This makes
the use of an interval regression model plausible to analyze the determinants of the level

of carbon credit farmers are willing to accept and adopt as climate-smart practices.

Following Kragt et al. (2017), Dumbrell et al. (2016), and Page and Belloti (2015),
we included variables that capture farmers’ perceptions of the co-benefits of adopting
climate-smart practices, such as improved soil health and enhanced farm benefit, which
entail reduction of soil erosion, enhancement of wildlife habitat, reduction of nutrient run-
off, etc. We also included variables that represent producers’ experiences with severe
weather conditions in the past 10 years. Wang et al. (2021) and Saak et al. (2021) have
demonstrated that severe weather events can influence the adoption of climate-smart
practices as an adaptive measure. In addition, we included a measure of the slope of the

farmland of the producers.
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The value-belief-norm (VBN) theory (Stern, 2000), the expectancy-value (EV)
model (Fishbein, 1963), and the theory of planned behavior (Ajzen, 1985) all postulate that
beliefs serve as the basis from which attitudes toward things and behaviors are formed and
that these attitudes can be highly predictive of behaviors. Wang et al. (2019) show that the
attitudes and perceptions of farmers have a significant influence on their decisions to adopt
conservation practices. We as such, included variables such as farmers perceptions about
their responsibility to future generations and people leaving their watershed, as well as their

perceptions of the yield and profitability of climate-smart practices.

In accordance with Buck and Palumbo-Compton's (2022) suggestion on farmers’
underexplored motivations to sequester soil carbon, we included variables such as SDSU
extension, farm tours, and webinars or videos that represent information sources from
which farmers learn new farming technologies. Variables that capture farm and farmer
characteristics, such as farmer age, gross sales in a typical year, and highest level of
education attained, were added. Farmers’ willingness to consider payment for ecosystem
services is influenced by farm and farmer characteristics (Ma et al., 2012). The cost-share
received by farmers can reduce their production costs, influence the profitability of their
farm businesses, and influence their adoption decisions for conservation practices. To
understand these dynamics, we added cost-share as a variable, which measures if a farmer
has received cost-share to support the conservation practices he has adopted. Table 3

presents a description of the variables used in our analysis.
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Variable Description Obs. Mean  Std. Dev.

WTA l1=ifa farr_ner is Xvilling to accept carbon credits and adopt climate- 288 0.507 0.501
smart practices 0 = otherwise

LCC (0<y<999),2=(10<y<19.99),3=(20<y<29.99),4=30<
¥<39.99),5=(40<y <49.99), 6 = (y > 50)

Independent Variables

Farm and farmer characteristics

Age Age of respondent in years 299 58.003 13.716
Level of gross farm/ranch sales in a typical year (1= <$50,000, 2=

Gross sales 50,000 to $99,999, 3= $100,000 to $249, 999, 4= $250,000 to 245 3.269 1.539
$499,999, 5= $500,000 to $999,999, 6= $1 million or more)

. Highest level of school completed (1 = high school, 2 = some

Education coﬁege/technical school, 4-yea$ colleg(e, 4= aogllvanced degree). 300 2.203 0.863

Severe weather events

gre(;/jéit Years of extreme drought conditions (1 =0, 2 = 1-5, 3 =5+) 296 1.878 0.327

Severe wet Years of extreme wet conditions (1=0,2=1-5,3=5+) 298 2.064 0.774

Farm management and perceptions
Importance of improved soil health (1 = Not Important, 2 = Slightly

Soil health Important, 3 = Somewhat Important, 4 = Quite Important, 296 4.179 0.890
5 = Very Important).
Importance of increased profitability (1 = Not Important, 2 = Slightly

Profitability ~ Important, 3 = Somewhat Important, 4 = Quite Important, 297 4.353 0.858
5 = Very Important).
Importance of increased crop yield (1 = Not Important, 2 = Slightly

Crop yield Important, 3 = Somewhat Important, 4 = Quite Important, 298 4.233 0.893
5 = Very Important).

Cost share 1 = if farmer received cost share, 0 = otherwise 286 0.353 0.479

Future How re_sponsible are you to fyture generations (1 = Nof[ at all

- responsible, 2 = Slightly responsible, 3 = moderately responsible, 297 3.300 0.798
responsibility 4= )
= very responsible).

Benefit of conservation practices to your farm (1 = Not important, 2

Farm benefit = Slightly important, 3 = Moderately important, 295 3.380 0.674
4 = Very important).

Information source

SDSU Importance of SDSU extension in your decision making (1 = Not

Extension Important, 2 = Slightly Important, 3 = Somewhat Important, 295 2.301 1.370
4 = Very Important, 5= Does not use)
Importance of farm tours for learning new farming practices (1 = Not

Farm tours Important, 2 = Slightly Important, 3 = Somewhat Important, 4 = Quite ~ 296 2.932 1.214
Important, 5 = Very Important)
Importance of the web for learning new farming practices (1 = Not

Webinars Important, 2 = Slightly Important, 3 = Somewhat Important, 294 2.874 1.124
4 = Quite Important, 5 = Very Important)

Soil variable

Slope Slope of the field (degrees) 279 2.977 1.587
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3.3 Theoretical Framework

This study adopts the maximum utility and random utility frameworks to model
farmers’ willingness to accept carbon credit incentive decisions. The theory postulates that
a farmer would accept a carbon credit incentive to shift to climate-smart practices if the
expected utility the farmer would derive from accepting the incentive and changing the
management practice exceeded the expected utility of not accepting the incentive and
retaining the conventional practice. The WTA is such that:

1 = if farmer is willing to accept
0 = otherwise

wra ={
The condition for farmers to accept the carbon credits and change their practices is
expressed as:

EWU{) > EUM) 1)

Ul =X'Bi + &
U’ =X'B; + ¢

Where E(U}) and E(U}) represent the expected utility of accepting the i carbon credit
incentive and switch the management practices and expected utility of not accepting the i
carbon credit incentive respectively. The vector of the independent variables which
influence the willingness to accept the carbon credit value is denoted as X, while ¢

represents the random error term.

3.4 Econometric Models
Probit Model:
To examine the factors that affect farmers’ willingness to accept carbon credit

incentives and adopt climate-smart practices, we categorized the farmers’ willingness to
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accept carbon credit incentives and change their practices into two categories: "yes" and
"otherwise." Farmers who stated that "yes" they would accept carbon credit and change
their practices were denoted "1" and those who indicated either "no™ or "not sure™ were
denoted "0". The dependent variable, willingness to accept carbon credit (WTA), is
therefore a binary variable. As such, we employed a probit model to estimate the
determining factors of farmers’ willingness to accept carbon credit and change their
farming practices to climate-smart practices. The model’s asymptotic properties restrict the
predicted probabilities to a range of 0 and 1, and postulates that, the WTA is observed as 0
or 1 but the continuous variable (WTA*), which determines the value of WTA is latent.
This is expressed as:

WTA* = X'B + )

Where WTA* denotes the latent dependent variable and is the vector of independent
variables that affect the willingness to accept. Based on equation (2), the probability of a

producer whose WTA equals 1 is expressed as follows:

Pr(WTA; = 1) = Pr(X'B + w; > 0) ©)

= Pr(y; > (X'B)

=1-=Pr(uy; <-(X'B))

The cumulative density function is denoted as F. Therefore, the probability of a producer

whose WTA =1 is expressed as:

Pr(WTA; =1) =1-F(=(X'B))
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The empirical expression of the producers’ WTA of the carbon credit incentive and their

adoption of climate-smart practices is shown in equation (6).
WTA = By + B1X1 + B2X2 + B3X3 + -+ B1aXis + € 4)

Where the 8 denote coefficients to be determined and X represent a vector of independent
variables that influence the producers’ willingness to accept carbon credit incentive and

change management practices to store carbon.
Interval Regression Model:

In our study, the carbon credit values, which the farmers indicated were their WTA,
were used to create six categories. Based on the carbon credit value they indicated and the
value at the next level, an interval was formed. As such, we adopted an interval regression
with the dependent variable equal to the interval of values the producers showed. If it is
used to represent the producers’ discrete choices of intervals, a conventional ordered model
such as probit or logistic regression can be estimated. Based on Monte Carlo simulations,
an interval-data model is often more efficient than a discrete-choice model (Alberini,
1995). It is also feasible to estimate an ordinary least squares (OLS) regression, where the
dependent variable will be the midpoint of the various intervals (Yang et al., 2012), but it
would fail to report the exact WTA values for each interval. It could nonetheless serve as
an ad hoc check for normality, which is assumed in an interval regression (Yang et al.,

2012).

The interval regression model is expressed as follows.

yi = XiB + u; Q)
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Where [ is the coefficient associated with each covariate, and u; follows a normal
distribution. The probability of y;', which denotes the producers’ true WTA known to them
alone lies between the interval categories, (j + 1) and the mutually exclusive intervals of
(=%, a1),(a4,az), ..., aj, ). The intervals used in our study are: 0 < y* < 9.99, 10 <
y* <19.99, 20 < y* <29.99, 30 < y* < 39.99, 40 < y* < 49.99, 6 y* > 50. This is

expressed in equation (8) as follows.
Prla; <y* < aj4| = Prly” <ajyq]| — Pry” < aj]

= F*(aj41) — F*(a)) (6)

The maximum likelihood estimation is thus designed based on the probability of the
observation being within an interval, assuming normality. Empirically, the interval

regression model of the WTA is expressed as follows:

Y* = Bo + P1Xy + B2Xy + P3Xs + -+ Br2X1p T £ (7)

Where f represents the coefficients to be determined, X is a vector of covariates that
influence the carbon credit incentive level that farmers are willing to accept and switch

their practices, and ¢ denotes the random error term.
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CHAPTER IV

RESULTS AND DISCUSSION
4.1 Summary Statistics

The summary statistics of the dependent variables and the independent variables
we used are presented in Table 3. The mean for WTA in Table 3 indicates that about half
of the farmers are willing to accept a carbon credit incentive and change their farm
management practices. On average, the producers are 58 years old, as shown by the results.
This is in line with the average age of 57 years for producers, according to USDA-NASS
(2017). The producers, on average, have attained some college or technical education, as
determined by the mean of 2.20. Also, the average values for cost-share and gross
farm/ranch sales are 0.35 and 3.27, respectively. These demonstrate that on average, 35%
of farmers have received cost-share assistance, and on average, farmers have a gross farm

or ranch sale of $100,000 to $249,999 in a typical year.

With regards to experience with severe drought and severe wet conditions, the
results indicate that, on average, farmers have experienced about 1-5 years of severe
conditions in the past 10 years. Concerning the farm management and perception variables,
the mean of 4.18 for soil health shows that, on average, the producers perceive climate-
smart practices as quite important for improved soil health. Also, producers perceive that
adopting climate-smart practices is critical for increased profitability and crop yield.
Furthermore, the mean value of 3.38 for farm benefit indicates that farmers on average
consider the adoption of climate-smart practices to be moderately important for the farm.
The results point out that, regarding responsibility for future generations, farmers feel they
are moderately responsible. A sense of responsibility for the well-being of people and the

perceived benefits of conservation practices can play a significant role in the actions and
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decisions of farmers. With regards to the information source variables, farmers regard
SDSU extension as slightly important, as depicted by the mean value of 2.30. Based on the
results, the producers rate farm tours and webinars as somewhat important for learning new

practices.

In Table 4, the summary statistics of key variables between farmers who are willing
to accept carbon credit incentives and adopt climate-smart practices and those who would
otherwise not accept carbon credit incentives are presented. The t-values show a
statistically significant difference between farmers willing to accept the carbon credit
incentive and implement the practices and those who will not accept the carbon credit
incentive. Table 4 results indicate a significant difference in farm and farmer
characteristics, farm management and perception covariates, and information source
variables. Farmers who are willing to accept the carbon credit incentive and change their
practices record a gross farm or ranch sale of $250,000 to $499,999 in a typical year, while
the average farm or ranch sale for farmers who are not willing to accept the carbon credit

incentive is $100,000 to $249,999.

Farmers who are willing to accept carbon credit incentives and adopt climate-smart
practices are on average 4 years younger than their counterparts who are unwilling to accept
carbon credit incentives and change their practices to climate-smart practices to store more
carbon. Also, farmers who are willing to accept the carbon credit incentive and adopt the
practices rate SDSU extension, webinars or videos, and farm tours as more important to
learning new practices compared to their counterparts. In terms of extreme weather
variables, the t-test results show that, while there is a significant difference in experience

with severe drought conditions between farmers who are willing to accept carbon credit
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incentives and adopt climate-smart practices and those who are not, there is no significant

difference in experience with severe wet conditions

Table 4: Summary statistics of key variables by farmers who are willing to accept carbon
credit incentives and farmers who are otherwise not willing to accept and adopt practices

Means
Variable Farmers willingto ~ Otherwise . T-statistic
_ _ Combined
accept (N=146) (N=142)
Farm and farmer characteristics
Age 56.103 59.543 57.781 2.151**
Gross sales 3.609 3.018 3.316 -2.960***
Education 2.359 2.117 2.2411 -2.381**
Severe weather events
Drought 1.916 1.841 1.879 -1.946*
Wet 2.055 2.066 2.060 0.315
Farm management and perceptions
Soil health 4.338 4.014 4.179 -3.153***
Profitability 4.438 4,271 4.357 -1.675*
Crop yield 4.315 4.143 4.231 -1.652*
Cost share 0.414 0.292 0.354 -2.139**
Future responsibility 3.396 3.201 3.300 -2.050**
Farm benefit 3.479 3.292 3.388 -2.389**
Information sources
SDSU Extension 2.714 2.029 2.377 -4.332%**
Farm tours 3.172 2.730 2.955 -3.170***
Webinars 3.194 2.600 2.901 -4.671%**
Soil variable
S|0pe 3.032 2.867 2.950 -0.854

Notes: *p < 0.10, ** p < 0.05, *** p < 0.01 indicate significance of t-statistic of the mean
difference.

4.2 Carbon Credit Price Farmers are willing to Accept and Adopt Climate-smart Practices
Figure 2 shows the percentage distribution of farmers willing to accept carbon
credit incentives and adopt climate-smart practices. The results indicate that, given $10 per

ton of carbon credits, just 4% of farmers would consider switching from conventional
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practices to climate-smart practices. Markowski-Lindsay et al. (2011), who surveyed
Massachusetts family forest owners, found that a carbon credit program that pays $10 per
acre per year with a 30-year commitment and withdrawal penalty would only see 4%
participation. Cook and Ma (2014) found that based on producers' current knowledge and
attitudes, only 4% of respondents indicated they were very likely to engage in carbon

sequestration activities.

Also, the results show that at a carbon credit value of $20 per ton, which is the
current average carbon credit price provided in the voluntary carbon market, 10% of the
farmers are willing to accept that and change their farm practices to store more carbon. The
low percentage of producers willing to actively enroll in carbon credit programs and supply
carbon credits at the current average price of $20 per ton of carbon credit is substantiated
by the Purdue Ag Barometer (2021) survey, which found that most row-crop producers
(64%), did not enroll in carbon credit programs to capture carbon due to the payment level
offered. Our results also show that, about 25% of the producers would consider switching
their practices to climate-smart practices if they were offered a $30 per ton carbon credit.
With $40 per ton of carbon, the results reveal that about 39% of the producers would

consider adopting climate-smart practices to store carbon.

At a given carbon credit value of $50 per ton, about half of the farmers would
consider switching their farming practices to climate-smart practices. According to Gramig
and Widmar (2018), Indiana farmers would need to obtain an extra $40 per acre in net
profits before switching to no-till farming. That would necessitate a carbon price paid to
the farmer of $129 per metric ton (MT) of carbon, in addition to the sum necessary to cover

increased production costs and potential yield drag in a no-till system, based on an assumed
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carbon storage rate of 0.31 MT/acre (Thompson et al. 2021). Moreover, the present value
of avoided marginal damages from carbon emission reduction is now estimated to be
roughly $50/MT (IGW, 2021). As a result, the price farmers are currently receiving for
carbon sequestration is significantly below both the minimum required to encourage

widespread adoption and the benefit that carbon sequestration offers to society.
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Figure 2: Carbon credit incentives farmers are willing to accept and adopt
climate smart practices

4.3 Factors Influencing Farmers’ Willingness to Accept Carbon Credits and Change
Practices

The determinants of farmers’ willingness to accept carbon credits and change their
practices are presented in Table 5. The model diagnostics presented in the table indicate

that the covariates are significantly correlated at a 1% significance level. Table 6 presents
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the marginal effects of the factors affecting determinants of farmers’ willingness to accept
carbon credits and change their practices. As shown in Table 6, age of a farmer has a
negative correlation at 5% significance level with a farmer's willingness to accept carbon
credit incentive and adopt climate-smart practices. This implies that an increase in the age
of a farmer makes the farmer 0.7% less likely to accept carbon credit incentives and adopt
climate-smart practices. Our finding is congruent with Ma et al. (2012), who observed that
older agricultural producers are less likely to consider enrollment in environmental service
programs. Wang et al. (2021a) highlighted that older farmers tend to have shorter planning
horizons and may not be willing to make changes in farm practices in the future. Several
carbon credit programs require farmers to commit to a minimum of a 10-year contract
(Wang and Cheye, 2023; Plastina and Wongpiyabovorn, 2021). Older farmers may be more
risk-averse and hesitant to participate in new programs that they perceive as uncertain or

risky.

Our results also indicate that gross farm sales had a significant and positive effect
on the willingness to accept carbon credit incentives and adopt climate-smart practices. An
increase in gross farm sales makes the farmer 4.5% more likely to adopt climate-smart
practices, given the carbon credit incentive. This is plausible because farmers who earn
higher gross sales are more likely to operate larger croplands and thus benefit from
economies of scale. Prokopy et al. (2019) note that an increase in farmers’ revenue makes

them more likely to invest in conservation practices.

Regrading farmers’ previous experience with severe wet and drought conditions,
the results show a contrasting effect on adoption of climate-smart practices given carbon

credit incentives. While previous experience with severe drought had a significant and
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positive relationship with the willingness to accept carbon credit incentives and adopt
climate-smart practices, experience with severe wet conditions had a negative effect on the
willingness to accept carbon credit incentives and adopt climate-smart practices. The
marginal effects results show that an increase in years of experience with severe drought
makes the farmers 24.6% more likely to adopt climate-smart practices given carbon credit
incentives. This finding is congruent with our hypothesis and in line with the findings of
Etumnu et al. (2023), Wang et al. (2021a), and Saak et al. (2021), which indicate that
drought conditions make farmers more likely to adopt conservation practices as an adaptive
response measure. Wang et al. (2021a) found that farmers in the margins of the U.S. Corn
Belt were more likely to adopt diversified crop rotation as an adaptive strategy to deal with
water deficits. Also, Ding et al. (2009) observed a burgeoning adoption level of no-till in

drought-affected regions during a multi-year drought.

In contrast to the effect of previous experience with severe drought conditions, an
increase in years of experience with severe wet conditions makes farmers 34.9% less likely
to adopt climate-smart practices. This result is as expected and corroborated by studies
such as Ding et al. (2009). Wet conditions can delay the date of planting crops and increase
soil erosion and nutrient leaching, which can negatively impact crop yields and soil health.
Ding et al. (2009) found a significantly negative correlation between wet conditions and
the adoption of no-till. During wet conditions, farmers might prefer conventional tillage

methods to make the soil suitable for planting.

The results also indicate that the farm benefit is positive and significant at 5%. This
shows that a unit increase in how farmers feel about the farm benefits (i.e., reduced soil

erosion, reduced nutrient loss, increased water holding capacity, and improved wildlife
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habitat) of climate-smart practices makes them 14.7% more likely to adopt climate-smart
practices given carbon credit incentives. A study by Dumbrell et al. (2016) found that
farmers perceive improved soil quality and reduced soil erosion as the most important
potential co-benefits of carbon farming. Farmers who perceive the benefits of climate-
smart practices, including reduced soil erosion, are more likely to see the long-term value
of adopting these practices. They may also be more willing to invest in the necessary inputs

and equipment to implement these practices.

Watershed responsibility, as per our results, has a negative correlation with
willingness to accept carbon credit incentives and adopt climate-smart practices. While this
finding is contrary to our expectations, it indicates that a unit increase in watershed
responsibility makes the farmer 12.3% less likely to accept the carbon credit incentive and
adopt climate-smart practices. However, in instances where farmers do not receive enough
monetary or other rewards to protect the environment, they may be less likely to adopt such

practices.

Regarding SDSU extension, the results show that a unit increase in the importance
of SDSU extension makes farmers 9.2% more likely to adopt climate-smart practices given
carbon credits. Extension services could be a key information source to farmers, especially
regarding climate change adaptive measures. This viewpoint is corroborated by Davis
(2009), who stated that extension may aid farmers in preparing for increased climate
unpredictability and uncertainty, developing backup plans to handle exponentially growing
risk, and mitigating the effects of climate change by offering guidance on how to handle

droughts, floods, and other such calamities. A meta-analysis of 367 adoption studies by
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Ruzzante et al. (2021) found that contact with extension agents positively affects adoption

of agricultural technologies.

We also found that using webinars or videos as an information source for learning
about climate-smart practices positively correlated with adoption of those practices given
the carbon credit incentive. A unit increase in the importance of webinars as an information
source makes the farmer 14.3% more likely to adopt climate-smart practices given carbon
credits. Webinars can be especially useful for farmers who have limited access to
traditional sources of information, such as agricultural extension services. These digital
tools can also be more convenient for farmers who may not have the time or resources to
attend in-person training sessions or workshops. Concerning the slope of the field, we
found a highly significant and positive relationship with the decision to adopt climate-smart
practices given the carbon credit incentive. It indicates that as the slope of the field
increases, the farmer is 8.7% more likely to adopt climate-smart practices given carbon
credits. A steeper field is more vulnerable to soil erosion and degradation, so farmers are
more likely to use conservation practices in steeper fields. For example, planting cover
crops such as grasses and legumes helps protect the soil from erosion by providing ground

cover. Also, no-till farming helps preserve the soil structure and reduce soil erosion.



Table 5: Probit model estimates of the factors affecting the willingness of farmers to
accept carbon credit incentive and change practices

Variable Coef. Std. Err.
Farm and farmer characteristics

Age -0.018** 0.008
Gross sales 0.114* 0.066
Education 0.054 0.119
Severe weather events

Drought 0.617** 0.298
Wet -0.874** 0.415
Farm management and perceptions

Soil health 0.022 0.144
Farm benefit 0.368** 0.186
Future responsibility 0.065 0.143
Watershed responsibility -0.308** 0.129
Technical support -0.179 0.100
Information sources

SDSU Extension 0.230*** 0.083
Farm Tours 0.090 0.099
Webinars 0.358*** 0.110
Soil variable

Slope 0.219*** 0.072
Cons -1.181 1.357
Number of obs. 199

LR Chi?(14) 52.98

Prob > Chi? 0.0000

Log likelihood -111.382

Notes: *p < 0.10, ** p < 0.05, *** p < 0.01 indicate significance of t-statistic of
the mean difference.
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Table 6: Marginal effects of the factors affecting the willingness of farmers to accept
carbon credit incentive and change practices

Variable Marginal Effect Std. Err.
Farm and farmer characteristics

Age -0.007** 0.003
Gross sales 0.045* 0.026
Education 0.021 0.047
Severe weather events

Drought 0.246** 0.119
Wet -0.349** 0.165
Farm management and perceptions

Soil health 0.009 0.057
Farm benefit 0.147** 0.074
Future responsibility 0.026 0.057
Watershed responsibility -0.123** 0.051
Technical support -0.071* 0.040
Information sources

SDSU Extension 0.092*** 0.033
Farm Tours 0.090 0.099
Webinars 0.143*** 0.044
Soil variable

Slope 0.087*** 0.029
Cons -1.181 1.357
Number of obs. 199

LR Chi?(14) 52.98

Prob > Chi? 0.0000

Log likelihood -111.382

Notes: *p < 0.10, ** p < 0.05, *** p < 0.01 indicate significance of t-statistic of
the mean difference.

4.4 Determinants of the Level of Carbon Credit Incentive Farmers are willing to Accept

and Adopt Climate-smart Practices

Table 7 reports the coefficient estimates of the factors affecting the level of carbon
credit incentive farmers are willing to accept and switch their farming practices to climate-
smart practices. The marginal effects of the factors affecting the level of carbon credit

incentive farmers are willing to accept and switch their farming practices to climate-smart
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practices are presented in Table 8. The model diagnostics indicate that the independent

variables are correlated at a 1% significance level.

With regards to farm and farmer characteristics, the results show that age has a
positive and statistically significant effect on the level of carbon credit farmers are willing
to accept and change their practices. The marginal effects show that an increase in the age
of the farmer makes the farmer 20.0% more likely to accept a higher carbon credit incentive
and adopt climate-smart practices. Typically, older farmers are less likely to accept carbon
credit payments and change their practices. Carlisle (2016) highlights that younger
timeframes adopt soil health practices at higher rates, possibly because they have longer
decision-making horizons and are more environmentally oriented, and perhaps because
older farmers are more used to their methods of farming. Ma et al. (2012) identified that
older farmers are less likely to participate in programs that pay for environmental services.
Considering the hesitancy of older farmers to engage in carbon credit programs and switch
their practices to climate-smart practices, a higher carbon credit incentive would more

likely motivate them to switch their practices.

Previous experience with severe wet conditions was found to negatively correlate
with the level of carbon credit incentive farmers are willing to accept and change their
management practices. Interestingly, a unit increase in years of experience with severe wet
conditions makes farmers 111.9% less likely to accept a higher carbon credit payment and
adopt climate-smart practices. This finding provides an insight into farmers maladaptation
to severe wet conditions in the region. Ding et al. (2009) noted that while farmers may use,
for example, no-till or strip-till to conserve soil moisture, when water reserves are low, they

are deterred from using these practices when springtime weather is wet. It is likely that
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farmers will be hesitant to accept carbon credit incentives, even if they are high enough to
adopt these practices. Severe wet conditions can make it problematic for farmers to access
their fields, plant crops, and implement conservation measures such as cover cropping or

reduced tillage.

With respect to the farmer's perception of co-benefits, soil health is found to be
significantly and negatively correlated with the level of carbon credit incentive farmers are
willing to accept and adopt climate-smart practices. This indicates that a unit increase in
the perception that climate-smart practices enhance soil health makes farmers 56.6% less
likely to accept higher carbon credit incentives and adopt climate-smart practices. Soil
health enhancement, as a co-benefit of adopting climate-smart practices, has been found to
be a strong motivation for farmers decisions to adopt climate-smart practices. Dumbrell et
al. (2016) found that Western Australian farmers consider improved soil quality to be the
most important benefit of carbon farming. Other studies, including Mattila et al. (2022),
Davison et al. (2019), Carlisle (2016), and Kragt et al. (2017), highlight soil health
enrichment as a key driver of farmer participation in carbon farming. In the Northern Great
Plains, Wang et al. (2019) determined that farmers’ values on soil health were an important

motive for conservation practice adoption behavior.

The results also show that a unit increase in crop yield makes farmers 70.9% more
likely to accept a higher carbon credit incentive and adopt climate-smart practices.
Conservation agriculture practices have been shown to enhance crop yields (Zheng et al.,
2014). However, the yield benefits of conservation practice adoption may be uncertain or
reduced in the early years (Saak et al., 2021). For example, a meta-analysis by Pittelkow

et al. (2015) found that no-till reduced yields, on average, by 5.1%. As such, farmers may
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be inclined to receive higher carbon credit incentives to switch practices as a result of the

uncertainties.

According to our results, farm benefits have a positive and significant effect on the
level of carbon credit incentive farmers are willing to accept and adopt climate-smart
practices. A unit increase in farm benefit makes farmers 39.7% more likely to accept high
carbon credit incentives and switch their practices. Farm benefits include reduced soil
erosion, improved wildlife habitat, reduced nutrient loss into waterways, etc. Farmers’
perceptions of the co-benefits of climate-smart practices can be heterogeneous. For
example, farmers with highly erosible land may be more likely to adopt the practices given
a low carbon credit incentive. Also, farmers who are aware and concerned that their
practices lead to negative externalities such as water pollution may be more likely to accept

a low-carbon credit incentive to adopt practices that minimize the externality.

Cost-share, based on our results, is negatively correlated with the level of carbon
credit incentive farmers are willing to accept and change their practices. Farmers who
received a cost share were 46.8% more likely to accept higher carbon credit incentives and
adopt climate-smart practices. The relationship between cost-share and the adoption of
climate-smart practices is mixed. Wang et al. (2021b) found that the cost-share received
did not have any significant effect on the future adoption of cover crops in South Dakota.
A study by Dobbs and Pretty (2008) found that while government incentives were effective
in enrolling farmers in entry-level contract tiers, they were ineffective in making farmers
enroll in conservation programs that required more substantial changes in farming

practices.
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Also, Ogieriakhi and Woodward (2022) highlighted that in an Ohio study, more
than half had negative feelings about cost-share programs because the application process
tends to be time-consuming, the programs have onerous design and implementation
requirements, and the required contracts require long-term commitments. Therefore,
although government incentives and carbon markets can encourage farmers to adopt
climate-smart practices, incentives may be less successful because they do not boost
farmers' profitability (Ogieriakhi and Woodward, 2022). It is conceivable that greater

carbon credit incentives may be required to get past farmer resistance.

Concerning farmers’ perceptions about profitability, we found that a unit increase
in profitability perception makes farmers 51.2% less likely to accept a higher carbon credit
incentive and adopt climate-smart practices. Climate-smart practices can improve the
resilience of farming systems to adverse effects such as droughts and floods, reducing the
risk of crop failure and income loss. Wang et al. (2021b) examined farmers’ perceptions of
cover crop profitability and the likelihood of future usage in South Dakota. Their results
revealed that about 40% of long-term (10+ years) users perceived a profit increase greater
than 5%. In a choice experiment, Gramig and Widmar (2018) showed that farmers would
prefer an increase in profits from adopting conservation tillage without having to receive
government payments. In a similar direction, Bagnall et al. (2020) indicated that farmer-
themed profitability had a strong influence on the adoption of soil health management
practices. Thus, a perceived increase in profitability of climate-smart practices will more
likely make farmers less likely to demand a higher carbon credit incentive and adopt the

practices.
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Future responsibility has a significant effect on the level of carbon credit incentive
farmers are likely to accept and change their practices. The results indicate that a unit
increase in the perception of future responsibility makes farmers 41.7% more likely to
accept a lower carbon credit incentive and adopt climate-smart practices. When farmers
view themselves as stewards of the land, they may be more inclined to adopt practices that
promote sustainability and protect the environment. Mitter et al. (2019) provide support for
this finding, indicating that strong responsibility for future generations influences the use
of environmentally friendly farming practices. Also, Page and Bellottin (2015) show that
non-financial incentives such as a sense of stewardship ethics and passing the land on in

better form can positively correlate with taking part in conservation projects.



Table 7: Interval regression model estimates of the determinants of the level of
carbon credit incentive farmers are willing to accept and change practices

Variable Coef. Std. Err.
Farm and farmer characteristics

Age 0.200*** 0.075
Gross sales 0.226 0.893
Severe weather events

Drought -4.241 3.274
Wet -11.193* 5.827
Farm management and perceptions

Soil health -5.664*** 1.573
Crop yield 7.089*** 2.203
Farm benefit 3.972* 2.074
Cost-share 4.682* 2.509
Profitability -5.120** 2.481
Future responsibility -4.171%* 1.686
Information sources

SDSU Extension 0.138 0.987
Farm Tours -0.680 1.075
Cons 75.900 18.501
Number of obs. 99

Right-censored obs. 19

Interval obs. 80

LR Chi?(12) 44.31

Prob > Chi? 0.0000

Log likelihood -133.343

Notes: *, **, *** represent p < 0.10, p < 0.05, and p < 0.001 respectively



Table 8: Marginal effects of the determinants of the level of carbon credit incentive
farmers are willing to accept and change practices

Variable Variable Marginal Effect
Farm and farmer characteristics

Age 0.200*** 0.075
Gross sales 0.226 0.893
Severe weather events

Drought -4.241 3.274
Wet -11.193* 5.827
Farm management/ perceptions

Soil health -5.664*** 1.573
Crop yield 7.089*** 2.203
Farm benefit 3.972* 2.074
Cost-share 4.682* 2.509
Profitability -5.120** 2.481
Future responsibility -4.171%* 1.686
Information sources

SDSU Extension 0.138 0.987
Farm Tours -0.680 1.075
Cons 75.900 18.501
Number of obs. 99

Right-censored obs. 19

Interval obs. 80

LR Chi?(12) 4431

Prob > Chi? 0.0000

Log likelihood -133.343

Notes: *p < 0.10, ** p < 0.05, *** p < 0.01 indicate significance of t-statistic of
the mean difference.
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CHAPTER 5
CONCLUSION AND IMPLICATIONS

As climate change continues to cause considerable losses and threats, net zero pledges
and carbon markets have significantly increased, which provide agricultural producers with
incentives to sequester carbon. To determine the role that agricultural carbon credits play
in farmers adoption of climate-smart practices, we analyzed survey data conducted in 2021
in South Dakota. The study focused on achieving three specific objectives: to determine
the carbon credit price that farmers are willing to accept and change their farming practices
to sequester more carbon; to examine the factors behind the willingness to accept the
incentives and change practices given carbon credit incentives; and to analyze the
determinants of the level of carbon credit incentive farmers are willing to accept and change
their practices to climate-smart practices. To achieve these objectives, we employed a
descriptive approach, a probit regression, and an interval regression model, respectively.

Our study establishes four key findings as follows:

We found that half of the farmers in the study area were willing to switch from their
conventional practices to climate-smart practices if they were paid $50 per ton. We noticed
that as the price of carbon credits increases, more farmers are willing to switch from
conventional to climate-smart practices that sequester carbon. This finding suggests that
the current carbon credit price offered to farmers, which averages $20 per ton in the
voluntary market, might not be enough to motivate farmers to switch their practices. Also,
we found that the willingness of farmers to accept a carbon credit incentive and adopt
climate-smart practices is influenced by their perception of co-benefits such as improved

soil health and enhanced farm benefits, which entail reduced soil erosion, reduced nutrient
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run-off, enhanced water quality, etc. Our results suggest that while farmers are less likely
to demand a higher carbon credit incentive with perceived soil health improvement in
mind, they are more likely to demand a higher carbon credit incentive with other associated
perceived benefits such as reduced erosion, enhanced wildlife habitat, reduced nutrient run-

off, etc.

Economic incentives play a significant role in farmers willingness to adopt climate-
smart practices, given carbon credit incentives. We found that farmers’ perception of
increased profitability from the adoption of climate-smart practices makes them more
likely to accept a lower carbon credit incentive and adopt the climate-smart practices. As
expected, farmers previous experiences with extreme weather events such as severe wet
and severe drought conditions affect their willingness to accept carbon credit incentives
and adopt climate-smart practices. Consistent with Ding et al. (2009), the experience of
severe drought conditions makes farmers more likely to adopt climate-smart practices
given carbon credit incentives. On the contrary, experience with severe wet conditions
makes farmers less likely to adopt climate-smart practices, given carbon credits. These
findings might be explained by farmers varying adaptive capacities to the severe weather
events in the region. Apart from the key findings indicated, we found that other factors
such as higher gross sales, younger age of the farmer, perceived responsibility for future
generations, and information sources such as SDSU extension service and webinars make

farmers more likely to accept carbon credit incentives and adopt climate-smart practices.

The implications of these findings include the following: Firstly, it is pertinent that
policymakers and carbon credit companies consider incentivizing farmers with a higher

carbon credit to motivate farmers to adopt the practices and sequester carbon. While
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farmers are currently offered an average carbon credit price of $20/ton, our results reveal
that most of the farmers would consider switching their practices to store more carbon if
they were paid about $50/ton. Secondly, it is important to understand farmers’ perceptions
and responses to severe weather events such as severe wet weather and severe drought.
According to our results, while previous experience with severe drought increases the
likelihood of a farmer adopting climate-smart practices, previous experience with severe
wet conditions makes a farmer less likely to adopt climate-smart practices at a given carbon
credit value. This finding suggests that though conservation practices such as no-till,
reduced till, and cover crops are suitable adaptive strategies for severe drought conditions,
different adaptive strategies might be relevant to adapting to severe wet conditions. These
findings provide insight for policymakers and extension agents to increase farmers’
awareness of climate change and appropriate adaptation measures to counter the adverse

effects of climate change.



47

REFERENCES

Abdalla, M., Hastings, A., Cheng, K., Yue, Q., Chadwick, D., Espenberg, M., ... & Smith,
P. (2019). A critical review of the impacts of cover crops on nitrogen leaching, net
greenhouse gas balance and crop productivity. Global change biology, 25(8), 2530-

2543.

Ajzen, 1. (1985). From intentions to actions: A theory of planned behavior (pp. 11-39).

Springer Berlin Heidelberg.

Alberini, A. (1995). Efficiency vs bias of willingness-to-pay estimates: bivariate and
interval-data models. Journal of environmental economics and management, 29(2),

169-180.

Bagnall, D. K., Mcintosh, W. A., Morgan, C. L., Woodward, R. T., Cisneros, M., Black,
M., ... & Ale, S. (2020). Farmers’ insights on soil health indicators and

adoption. Agrosystems, Geosciences & Environment, 3(1), e20066.

Beddington, J. R., Asaduzzaman, M., Bremauntz, F. A., Clark, M. E., Guillou, M., Jahn,
M. M., ... & Wakhungu, J. (2012). Achieving food security in the face of climate
change: Final report from the Commission on Sustainable Agriculture and Climate

Change.

Bergman K. (2022). Conservation practice impact on carbon sequestration.

https://www.cfra.org/sites/default/files/publications/conservation-practice-impact-

on-carbon-sequestration.pdf

Blaufelder, C., Levy, C., Mannion, P., & Pinner, D. (2021). A blueprint for scaling voluntary carbon

markets to meet the climate challenge. McKinsey Report.


https://www.cfra.org/sites/default/files/publications/conservation-practice-impact-on-carbon-sequestration.pdf
https://www.cfra.org/sites/default/files/publications/conservation-practice-impact-on-carbon-sequestration.pdf

48

Bouckaert, S., Pales, A. F., McGlade, C., Remme, U., Wanner, B., Varro, L., ... & Spencer,

T. (2021). Net zero by 2050: A roadmap for the global energy sector.

Bruner, E., Moore, J., Hunter, M., Roesch-McNally, G., Stein, T., and B. Sauerhaft (2021).

Combating Climate Change on US Cropland. https://farmlandinfo.org/wp-

content/uploads/sites/2/2021/02/AFT Combating Climate Change USCropland

report.pdf

Buck, H. J., & Palumbo-Compton, A. (2022). Soil carbon sequestration as a climate

strategy: what do farmers think?. Biogeochemistry, 1-12.

Carlisle, L. (2016). Factors influencing farmer adoption of soil health practices in the
United States: A narrative review. Agroecology and Sustainable Food

Systems, 40(6), 583-613.

Center for Climate and Energy Solutions (2023). Extreme Weather and Climate Change.

https://www.c2es.org/content/extreme-weather-and-climate-change/.  Accessed:

April 28, 2023.

Cook, S. L., & Ma, Z. (2014). The interconnectedness between landowner knowledge,
value, belief, attitude, and willingness to act: policy implications for carbon
sequestration on private rangelands. Journal of environmental management, 134,

90-99.

Davidson DJ, Rollins C, Lefsrud L, Anders S, Hamann A (2019) Just don’t call it climate
change: climate-skeptic farmer adoption of climate-mitigative practices. Environ

Res Lett 14(3):034015.


https://farmlandinfo.org/wp-content/uploads/sites/2/2021/02/AFT_Combating_Climate_Change_USCropland_report.pdf
https://farmlandinfo.org/wp-content/uploads/sites/2/2021/02/AFT_Combating_Climate_Change_USCropland_report.pdf
https://farmlandinfo.org/wp-content/uploads/sites/2/2021/02/AFT_Combating_Climate_Change_USCropland_report.pdf
https://www.c2es.org/content/extreme-weather-and-climate-change/

49

Davis, K. E. (2009). Agriculture and climate change: An agenda for negotiation in

Copenhagen. The important role of extension systems.

Ding, Y., Schoengold, K., & Tadesse, T. (2009). The impact of weather extremes on
agricultural production methods: Does drought increase adoption of conservation

tillage practices?. Journal of Agricultural and Resource Economics, 395-411.

Dobbs, T. L., & Pretty, J. (2008). Case study of agri-environmental payments: The United

Kingdom. Ecological economics, 65(4), 765-775.

Dumbrell, N. P., Kragt, M. E., & Gibson, F. L. (2016). What carbon farming activities are

farmers likely to adopt? A best—worst scaling survey. Land Use Policy, 54, 29-37.

Environmental Protection Agency (EPA). 2021. “Greenhouse Gas Inventory Data
Explorer.”

Availableathttps://cfpub.epa.gov/ghgdata/inventoryexplorer/#allsectors/allgas/gas/

current

EPA, 2022. Sources of Greenhouse Gas Emissions.

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#overview

Fishbein, M. (1963). An investigation of the relationships between beliefs about an object

and the attitude toward that object. Human relations, 16(3), 233-2309.

Fleming, A., Stitzlein, C., Jakku, E., & Fielke, S. (2019). Missed opportunity? Framing
actions around co-benefits for carbon mitigation in Australian agriculture. Land

Use Policy, 85, 230-238.


https://cfpub.epa.gov/ghgdata/inventoryexplorer/#allsectors/allgas/gas/current
https://cfpub.epa.gov/ghgdata/inventoryexplorer/#allsectors/allgas/gas/current
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#overview

50

Gosnell, H., Charnley, S., & Stanley, P. (2020). Climate change mitigation as a co-benefit
of regenerative ranching: insights from Australia and the United States. Interface

focus, 10(5), 20200027.

Gramig, B. M., & Widmar, N. J. (2018). Farmer preferences for agricultural soil carbon
sequestration schemes. Applied Economic Perspectives and Policy, 40(3), 502-

521.

Gullickson,  G.  (2020). Looking  for  another  crop? Try  carbon.

https://www.agriculture.com/news/crops/looking-for-another-crop-try-carbon

Hutchinson, J. J., Campbell, C. A., & Desjardins, R. L. (2007). Some perspectives on
carbon sequestration in agriculture. Agricultural and Forest Meteorology, 142(2—

4), 288-302.

IFC International. 2013. “Greenhouse Gas Mitigation Options and Costs for Agricultural
Land and Animal Production within the United States.” Prepared by ICF
International for U.S. Department of Agriculture Climate Change Program Office.

https://www.usda.gov/sites/default/files/documents/GHG Mitigation Options.pdf

IPCC, 2022: Summary for Policymakers. In: Climate Change 2022: Mitigation of Climate
Change. Contribution of Working Group I11 to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [P.R. Shukla, J. Skea, R. Slade, A. Al
Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R.

Fradera, M. Belkacemi,

A. Hasija, G. Lisboa, S. Luz, J. Malley, (eds.)]. Cambridge University Press, Cambridge,

UK and New York, NY, USA. doi: 10.1017/9781009157926.001


https://www.agriculture.com/news/crops/looking-for-another-crop-try-carbon
https://www.usda.gov/sites/default/files/documents/GHG_Mitigation_Options.pdf

51

IPPC (2019). Special report on climate change, desertification, land degradation,
sustainable land management, food security, and greenhouse gas fluxes in

terrestrial ecosystems (SRCCL).

Kassam, A., Friedrich, T., & Derpsch, R. (2019). Global spread of conservation agriculture.

International Journal of Environmental Studies, 76(1), 29-51.

King, A. E., and J. Blesh. (2018). Crop rotations for increased soil carbon: perenniality as

a guiding principle. Ecological Applications 28:249-261.

Kragt, M. E., Dumbrell, N. P., & Blackmore, L. (2017). Motivations and barriers for
Western Australian broad-acre farmers to adopt carbon farming. Environmental

Science & Policy, 73, 115-123.

Lal, R. (2004). Soil carbon sequestration to mitigate climate change. Geoderma, 123(1-2),

1-22.

Liebig, M. A., Faust, D. R., Archer, D. W., Kronberg, S. L., Hendrickson, J. R., & Tanaka,
D. L. (2020). Integrated crop-livestock effects on soil carbon and nitrogen in a

semiarid region. Agrosystems, Geosciences & Environment, 3(1), e20098.

Lunik, E., Raspe, Otto, Timpers, A., Brinkenberg , B. R., Montanes, D. G., Bid, K.,
Kemper, W., and Zhang, Z. (2021). How to Unlock the Green Potential of the

Agricultural Sector. https://economics.rabobank.com/publications/2021/july/how-

to-unlock-the-green-potential-of-the-agricultural-sector/



https://economics.rabobank.com/publications/2021/july/how-to-unlock-the-green-potential-of-the-agricultural-sector/
https://economics.rabobank.com/publications/2021/july/how-to-unlock-the-green-potential-of-the-agricultural-sector/

52

Luo, Z., Wang, E., & Sun, O. J. (2010). Can no-tillage stimulate carbon sequestration in
agricultural soils? A meta-analysis of paired experiments. Agriculture, ecosystems

& environment, 139(1-2), 224-231.

Ma, S., Swinton, S. M., Lupi, F., & Jolejole-Foreman, C. (2012). Farmers’ Willingness to
Participate in Payment-for-Environmental-Services Programmes. Journal of

Agricultural  Economics, 63(3), 604-626. https://doi.org/10.1111/].1477-

9552.2012.00358.x

Ma, Z., & Coppock, D. L. (2012). Perceptions of Utah ranchers toward carbon
sequestration: policy implications for US rangelands. Journal of environmental

management, 111, 78-86.

Markowski-Lindsay, M., Stevens, T., Kittredge, D. B., Butler, B. J., Catanzaro, P., &
Dickinson, B. J. (2011). Barriers to Massachusetts forest landowner participation

in carbon markets. Ecological Economics, 71, 180-190.

Mattila, T. J., Hagelberg, E., Soderlund, S., & Joona, J. (2022). How farmers approach soil
carbon sequestration? Lessons learned from 105 carbon-farming plans. Soil and

Tillage Research, 215, 105204.

McDaniel, M. D., Tiemann, L. K., & Grandy, A. S. (2014). Does agricultural crop diversity
enhance soil microbial biomass and organic matter dynamics? A meta-

analysis. Ecological Applications, 24(3), 560-570.

McNunn, G., Karlen, D. L., Salas, W., Rice, C. W., Mueller, S., Muth Jr, D., & Seale, J.

W. (2020). Climate smart agriculture opportunities for mitigating soil greenhouse


https://doi.org/10.1111/j.1477-9552.2012.00358.x
https://doi.org/10.1111/j.1477-9552.2012.00358.x

53

gas emissions across the US Corn-Belt. Journal of cleaner production, 268,

122240.

Metz, B., Davidson, O., Bosch, P., Dave, R., & Meyer, L. (2007). Climate change 2007-
mitigation of climate change. Intergovernmental Panel on Climate Change, Geneva

(Switzerland). Working Group I11.

Mitter, H., Larcher, M., Schonhart, M., Stottinger, M., & Schmid, E. (2019). Exploring
farmers’ climate change perceptions and adaptation intentions: Empirical evidence

from Austria. Environmental management, 63, 804-821.

Moore, L.A., AJ. Eagle, E.E. Oldfield, and D.R. Gordon. 2021. State of the science:

Cropland soil carbon sequestration. Environmental Defense Fund, New York, NY.

NRCS (2022). Conservation Practices on Cultivated Cropland A Comparison of CEAP |
and CEAP |1 Survey Data and Modeling. Conservation Effects Assessment Project.

CEAP 2 National Report FINAL 12 20 21 (1).pdf

NRCS (2010). Adapting to the impacts of climate change: America’s climate choices.

Washington, DC: National Academies Press.

Ogieriakhi, M., & Woodward, R. (2022). Understanding Why Farmers Adopt Soil
Conservation Tillage: A  Systematic Review. Soil  Security, 100077.

https://www.sciencedirect.com/science/article/pii/S2667006222000430

Ogieriakhi, M., & Woodward, R. T. (2022). Why Do Farmers Adopt Soil Conservation
Tillage?. Available at SSRN 4149579.

https://papers.ssrn.com/sol3/papers.cfm?abstract id=4149579



file:///C:/Users/Stephen.Cheye/Downloads/CEAP_2_National_Report_FINAL_12_20_21%20(1).pdf
https://www.sciencedirect.com/science/article/pii/S2667006222000430
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4149579

54

Oldfield, E. E., Eagle, A. J., Rubin, R. L., Rudek, J., Sanderman, J., and Gordon, D. R.
(2021). Agricultural soil carbon credits: Making sense of protocols for carbon
sequestration and net greenhouse gas removals. Environmental Defense Fund, New
York, New York. edf.org/sites/default/files/content/agricultural-soil-carbon-

credits-protocol synthesis.pdf.

Page, G., & Bellotti, B. (2015). Farmers value on-farm ecosystem services as important,
but what are the impediments to participation in PES schemes?. Science of the total

environment, 515, 12-19.

Pittelkow, C. M., Linquist, B. A, Lundy, M. E., Liang, X., Van Groenigen, K. J., Lee, J.,
... & Van Kessel, C. (2015). When does no-till yield more? A global meta-analysis.

Field crops research, 183, 156-168.

Plastina, A. (2022). The US Voluntary Agricultural Carbon Market: Where to From Here?.

Farm Foundation. Available at: https://go. iastate. edu/MJYUHV.

Plastina, A., & Wongpiyabovorn, O. (2021). How to grow and sell carbon credits in US

agriculture. Ag Decision Maker File A1-76. extension. iastate. edu/agdm.

Prokopy, L.S., Floress, K., Arbuckle, J.G., Church, S.P., Eanes, F.R., Gao, Y., Singh, A.S.
(2019). Adoption of agricultural conservation practices in the United States:
Evidence from 35 years of quantitative literature. Journal of Soil and Water

Conservation, 74(5), 520-534. doi:10.2489/jswc.74.5.520

Purdue University-CME Group Ag Economy Barometer. 2021. “Survey Methodology.”

Available online at



55

https://ag.purdue.edu/commercialag/ageconomybarometer/survey-methodology/

(accessed 04/05/2021)

Rosende, J. (2022). Carbon markets for farmers: explaining compliance and voluntary

markets. https://legacy.eagronom.com/en/blog/carbon-markets-for-farmers-

explained/#2 types of carbon markets

Ruzzante, S., Labarta, R., & Bilton, A. (2021). Adoption of agricultural technology in the
developing world: a meta-analysis of the empirical literature. World Development,

146, 1055909.

Ruis, S. J., & Blanco-Canqui, H. (2017). Cover crops could offset crop residue removal
effects on soil carbon and other properties: A review. Agronomy Journal, 109(5),

1785-1805.

S.1251 — 117th Congress (2021-2022): Growing Climate Solutions Act of 2021.

https://www.congress.gov/bill/117th-congress/senate-bill/1251

Saak, A. E., Wang, T., Xu, Z., Kolady, D., Ulrich-Schad, J. D., & Clay, D. (2021). Duration
of usage and farmer reported benefits of conservation tillage. Journal of Soil and

Water Conservation, 76(1), 65-75.

Shockley, J. and W. Snell. 2021. “Carbon markets 101.” Economic and Policy Update, 21

(4), April 29. https://agecon.ca.uky.edu/files/carbon_markets 101.pdf

Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., ... & Smith, J. (2008).
Greenhouse gas mitigation in agriculture. Philosophical transactions of the royal

Society B: Biological Sciences, 363(1492), 789-813.


https://legacy.eagronom.com/en/blog/carbon-markets-for-farmers-explained/#2_types_of_carbon_markets
https://legacy.eagronom.com/en/blog/carbon-markets-for-farmers-explained/#2_types_of_carbon_markets
https://www.congress.gov/bill/117th-congress/senate-bill/1251
https://agecon.ca.uky.edu/files/carbon_markets_101.pdf

56

Stern, P. C. (2000). New environmental theories: toward a coherent theory of

environmentally significant behavior. Journal of social issues, 56(3), 407-424.

Sun, W., Canadell, J. G., Yu, L., Yu, L., Zhang, W., Smith, P., ... & Huang, Y. (2020).
Climate drives global soil carbon sequestration and crop yield changes under

conservation agriculture. Global Change Biology, 26(6), 3325-3335.

Swan, A., Williams, S. A., Brown, K., Chambers, A., Creque, J., Wick, J., & Paustian, K.
(2015). COMET-Planner: Carbon and greenhouse gas evaluation for NRCS

conservation practice planning. Fort Collins, CO: Colorado State University.

Szymczak, L. S., de Faccio Carvalho, P. C., Lurette, A., De Moraes, A., de Albuquerque
Nunes, P. A., Martins, A. P., & Moulin, C. H. (2020). System diversification and
grazing management as resilience-enhancing agricultural practices: The case of

crop-livestock integration. Agricultural Systems, 184, 102904.

Thamo, T., Pannell, D. J., Pardey, P. G., & Hurley, T. M. (2020). Private Incentives for

Sustainable Agriculture: Soil Carbon Sequestration (No. 1784-2020-653).

Thompson, N. M., Hughes, M. N., Nuworsu, E. K., Reeling, C. J., Armstrong, J. R. M.,
Langemeier, M. R., ... & Foster, K. A. (2021). Opportunities and Challenges

Associated with “Carbon Farming” for US Row-Crop Producers.

TSVCM. (2021). Final report. Taskforce on scaling voluntary carbon markets. Retrieved

December 15, 2022, from https://www.iif.com/Portals/1/Files/ TSVCM Report.pdf

UNFCCC (2015). Paris Agreement. United Nations Framework Convention on Climate

Change. United Nations


https://www.iif.com/Portals/1/Files/TSVCM_Report.pdf

57

USDA (2022). USDA to Invest $1 Billion in Climate Smart Commodities, Expanding
Markets, Strengthening Rural America. Available at

https://www.usda.gov/media/press-releases/2022/02/07/usda-invest-1-billion-

climate-smart-commaodities-expanding-markets

USDA NASS, (2017). Census of Agriculture highlights.

https://www.nass.usda.gov/Publications/Highlights/2021/census-typology.pdf

USDA (2021). Climate-Smart Agriculture and Forestry Strategy: 90-Day Progress Report.
https://www.usda.gov/sites/default/files/documents/climate-smart-ag-forestry-

strategy-90-day-progress-report.pdf

USGCRP, 2018: Impacts, Risks, and Adaptation in the United States: Fourth National
Climate Assessment, Volume Il: [Reidmiller, D.R., C.W. Avery, D.R. Easterling,
K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S. Global
Change Research Program, Washington, DC, USA, 1515 pp. doi:
10.7930/NCA4.2018.

https://nca2018.globalchange.gov/downloads/NCA4 2018 FullReport.pdf

Verschuuren, J, 2018. “Towards an EU regulatory framework for climate-smart

agriculture:  The example of soil carbon sequestration.” Transnational

Environmental Law, 7 (2): 301-322.

Wade, T., Claassen, R., & Wallander, S. (2015). Conservation-practice adoption rates vary

widely by crop and region (No. 1476-2017-3877).

Wang and Cheye (2023). Carbon Markets and Opportunities for Farmers.

https://extension.sdstate.edu/carbon-markets-and-opportunities-farmers


https://www.usda.gov/media/press-releases/2022/02/07/usda-invest-1-billion-climate-smart-commodities-expanding-markets
https://www.usda.gov/media/press-releases/2022/02/07/usda-invest-1-billion-climate-smart-commodities-expanding-markets
https://www.nass.usda.gov/Publications/Highlights/2021/census-typology.pdf
https://nca2018.globalchange.gov/downloads/NCA4_2018_FullReport.pdf

58

Wang, T., Jin, H., Fan, Y., Obembe, O., & Li, D. (2021a). Farmers’ adoption and perceived
benefits of diversified crop rotations in the margins of US Corn Belt. Journal of

Environmental Management, 293, 112903.

Wang, T., Xu, Z., Kolady, D., Ulrich-Schad, J. D., & Clay, D. (2021b). Cover-crop usage
in South Dakota: farmer perceived profitability and future adoption decisions.

Journal of Agricultural and Resource Economics, 46(2), 287.

White, A. E., Lutz, D. A, Howarth, R. B., & Soto, J. R. (2018). Small-scale forestry and
carbon offset markets: An empirical study of Vermont Current Use forest
landowner willingness to accept carbon credit programs. PloS one, 13(8),

e0201967.

Wongpiyabovorn, O., Plastina, A., & Lence, S. H. (2021). Futures Market for Ag Carbon
Offsets under Mandatory and Voluntary Emission Targets (No. apr-fall-2021-4).

Center for Agricultural and Rural Development (CARD) at lowa State University.

World Bank. 2012. Carbon Sequestration in Agricultural Soils. © Washington, DC.

http://hdl.handle.net/10986/11868

Yang, S. H., Hu, W., Mupandawana, M., & Liu, Y. (2012). Consumer willingness to pay
for fair trade coffee: a Chinese case study. Journal of Agricultural and Applied

Economics, 44(1), 21-34.

Zheng, C., Jiang, Y., Chen, C., Sun, Y., Feng, J., Deng, A., ... & Zhang, W. (2014). The
impacts of conservation agriculture on crop yield in China depend on specific

practices, crops and cropping regions. The Crop Journal, 2(5), 289-296.


http://hdl.handle.net/10986/11868

	The Role of Carbon Credits on Farmers’ Adoption of Climate-Smart Practices in South Dakota
	Recommended Citation

	tmp.1683300545.pdf.KOwA_

