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Abstract

Chapter 1
Cattle are ruminant livestock that emit enteric methane (CHa) as part of their natural digestive

process. The U.S. beef cattle industry is receiving pressure to reduce greenhouse gases
emissions, including methane. The U.S. Roundtable for Sustainable Beef has set a target for the
U.S. feedlot sector to reduce emissions by 10% per pound of beef by 2030. Feed additive 3-
Nitrooxypropanol (3-NOP) has been developed to help mitigate methane emissions. While not
yet approved for use in U.S. beef production, adoption of 3-NOP in U.S. feedlots upon approval
remains unknown as no widespread economic incentive currently exists in the marketplace to
spur adoption. The objectives of this study are: (1) to determine potential 3-NOP adoption by
U.S. feedlot cattle producers given various marketplace incentives and (2) to explore how
differing approaches to reducing emissions from beef production to achieve sector targets impact
social welfare. Our study uses data from a U.S. feedlot producer survey to estimate willingness-
to-adopt (WTA) measures. Regression results are used to map potential adoption of 3-NOP given
various market and policy scenarios. The survey sample is then split into small producers (<2000
head sold in last 12 months) and large producers (2000+ head sold in last 12 months) to
determine differences in WTA based on operation size. We find that producers prefer incentives
in the form of processor premiums over government subsidies. The incentive level needed to
spur adoption increases as the implementation cost of 3-NOP increases and decreases if net profit
estimations are included in the messaging. On average, small producers require a higher
incentive to adopt 3-NOP than large producers. Improving the emissions reduction efficacy of 3-
NOP reduces the level of incentive needed to achieve aggregate emissions targets. The least

expensive avenue to achieve emissions reduction targets results in greater outlays to large



producers as compared to small producers. The marginal cost to society of feeding 3-NOP to an
additional steer or heifer in the feedlot increases with each animal. As such, it may be that
improving the efficacy of 3-NOP through increased investment in research and development is
less costly than spurring more producers to adopt the additive in their feed rations. Ultimately,
producers, processors, beef consumers, voting residents, taxpayers, and policymakers all have
influence in shaping how the beef industry tackles the emissions reduction conundrum.

Chapter 2

U.S. beef cattle producers have been receiving pressure to reduce methane emissions from beef
production as climate change concerns mount. Demand for “climate-friendly” beef could create
economic incentives that spur U.S. cattle producers to adopt emissions reducing practices. Beef
products with varying climate claims have recently been introduced in the retail sector, stemming
from various countries-of-origin. This study quantifies differences in U.S. consumer willingness-
to-pay (WTP) for distinct climate claims on ground beef and ribeye steak products, accounting
for country-of-origin (COO) impacts. Using data from a nationally representative survey of the
U.S. public, no statistical difference in WTP estimates is found among climate claims within
beef product categories. This suggests U.S. consumers are, on average, indifferent among the
climate claims on beef products included in this study. U.S. consumers are willing to pay a
higher price premium for climate claims on ribeye steak (up to 5.3%) as compared to ground
beef (up to 2.8%), and they prefer U.S. beef products as compared to those from Australia,
Canada, and Uruguay. Imported beef products with climate claims are unlikely to have major
implications on the demand for U.S.-produced beef. Ultimately, beef producers should consider
the cost of implementing climate-focused production practices to determine if garnering market

premiums for climate claims on beef products would be a profitable endeavor.



Chapter 3

Many countries have begun introducing policies aiming to reduce emissions from beef
production. Several strategies are being researched and developed to reduce such emissions. This
study explores U.S. public sentiment toward various beef production emissions-reduction
strategies and quantifies support for potential policy measures. Using data from a nationally
representative survey, it is found that feeding seaweed to cattle is the most preferred strategy
followed by letting either the beef industry or the U.S. Department of Agriculture decide how to
reduce emissions from beef production. The U.S. public shows greater support for subsidies
versus mandates if they recognize that mandates could increase the price of beef. The strategy
with the highest estimated subsidy support, as funded by the U.S. public, is seaweed. However,
these subsidy levels are less than the projected cost of the product in practice, so producer
adoption of seaweed as triggered by a U.S. public-supported subsidy is unlikely. A more
plausible solution to subsidizing a subset of beef producers to reduce emissions may be
connecting climate-concerned residents who are willing to fund a subsidy to producers who are

willing to adopt climate-focused practices.
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emissions, including methane. The U.S. Roundtable for Sustainable Beef has set a target for the
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yet approved for use in U.S. beef production, adoption of 3-NOP in U.S. feedlots upon approval
remains unknown as no widespread economic incentive currently exists in the marketplace to
spur adoption. The objectives of this study are: (1) to determine potential 3-NOP adoption by
U.S. feedlot cattle producers given various marketplace incentives and (2) to explore how
differing approaches to reducing emissions from beef production to achieve sector targets impact
social welfare. Our study uses data from a U.S. feedlot producer survey to estimate willingness-
to-adopt (WTA) measures. Regression results are used to map potential adoption of 3-NOP given
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determine differences in WTA based on operation size. We find that producers prefer incentives
in the form of processor premiums over government subsidies. The incentive level needed to
spur adoption increases as the implementation cost of 3-NOP increases and decreases if net profit
estimations are included in the messaging. On average, small producers require a higher
incentive to adopt 3-NOP than large producers. Improving the emissions reduction efficacy of 3-
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producers as compared to small producers. The marginal cost to society of feeding 3-NOP to an
additional steer or heifer in the feedlot increases with each animal. As such, it may be that
improving the efficacy of 3-NOP through increased investment in research and development is
less costly than spurring more producers to adopt the additive in their feed rations. Ultimately,
producers, processors, beef consumers, voting residents, taxpayers, and policymakers all have
influence in shaping how the beef industry tackles the emissions reduction conundrum.
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production as climate change concerns mount. Demand for “climate-friendly” beef could create
economic incentives that spur U.S. cattle producers to adopt emissions reducing practices. Beef
products with varying climate claims have recently been introduced in the retail sector, stemming
from various countries-of-origin. This study quantifies differences in U.S. consumer willingness-
to-pay (WTP) for distinct climate claims on ground beef and ribeye steak products, accounting
for country-of-origin (COO) impacts. Using data from a nationally representative survey of the
U.S. public, no statistical difference in WTP estimates is found among climate claims within
beef product categories. This suggests U.S. consumers are, on average, indifferent among the
climate claims on beef products included in this study. U.S. consumers are willing to pay a
higher price premium for climate claims on ribeye steak (up to 5.3%) as compared to ground
beef (up to 2.8%), and they prefer U.S. beef products as compared to those from Australia,
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Many countries have begun introducing policies aiming to reduce emissions from beef
production. Several strategies are being researched and developed to reduce such emissions. This
study explores U.S. public sentiment toward various beef production emissions-reduction
strategies and quantifies support for potential policy measures. Using data from a nationally
representative survey, it is found that feeding seaweed to cattle is the most preferred strategy
followed by letting either the beef industry or the U.S. Department of Agriculture decide how to
reduce emissions from beef production. The U.S. public shows greater support for subsidies
versus mandates if they recognize that mandates could increase the price of beef. The strategy
with the highest estimated subsidy support, as funded by the U.S. public, is seaweed. However,
these subsidy levels are less than the projected cost of the product in practice, so producer
adoption of seaweed as triggered by a U.S. public-supported subsidy is unlikely. A more
plausible solution to subsidizing a subset of beef producers to reduce emissions may be
connecting climate-concerned residents who are willing to fund a subsidy to producers who are

willing to adopt climate-focused practices.
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Preface

This dissertation encompasses a collection of three chapters aiming to shed light on the economic
component of the enteric emissions conversation. Each chapter is written as a stand-alone essay.
Given the dynamic nature of this topic, elements of this dissertation are in various stages of the
peer review process to remain relevant and useful as activity in this space rapidly advances.
Chapter 1 is published in Sustainable Production and Consumption (doi:

10.1016/j.spc.2024.08.011). Chapter 3 is currently under review.
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Chapter 1 - The Enteric Methane Emission Conundrum:
U.S. Beef Cattle Producer Adoption of Climate-Focused Feed

Additive Technology

Jaime R. Luke, Glynn T. Tonsor
Sustainable Production and Consumption
2024
doi: 10.1016/j.spc.2024.08.011
Introduction

The U.S. beef cattle industry plays an integral role in supplying beef to consumers both
domestically and internationally, with approximately 21% of global beef production occurring in
the United States (USDA FAS, 2024). Cattle are ruminant livestock that produce enteric methane
(CH4) emissions as a natural byproduct of their digestive process. Enteric methane emissions
contribute to total greenhouse gas (GHG) emissions. Estimates suggest 3% of total U.S. GHG
emissions result from enteric methane emissions from cattle (U.S. EPA, 2024a), of which
roughly 75% are beef cattle (USDA NASS, 2024b).

U.S. beef cattle producers have been receiving pressure to reduce methane emissions
from beef production as climate change concerns mount. The Global Methane Pledge, signed by
the United States and over 150 other countries, aims to reduce global methane emissions at least
30% from 2020 levels by 2030 (Global Methane Pledge, 2024). The private sector seeks to
reduce supply chain emissions with over 1500 firms having pledged net zero GHG emissions by
2050 (Shanor & Light, 2022). Policymakers have voiced their interest in the matter with the

Enteric Methane Innovation Tools for Lower Emissions and Sustainable Stock (EMIT LESS)



Act. Proposed in March 2024, this Senate bill aims to expand research for emissions-reducing
feed additives and promote practices that reduce cattle emissions (EMIT LESS Act of 2024,
2024b). A parallel bill was introduced into the U.S. House of Representatives in June 2024
(EMIT LESS Act of 2024, 2024a). Beef industry participants themselves have created goals to
reduce emissions and increase sustainability of U.S. beef production through collective efforts of
the U.S. Roundtable for Sustainable Beef (USRSB). USRSB has set a sector target for U.S.
feedlots to reduce GHG emissions by 10% per pound of beef by 2030 (USRSB, 2024). The
feedlot stage of beef production typically spans the final six months prior to slaughter. The goal
of feedlot production is to efficiently put weight on cattle, a process referred to as “finishing.”
U.S. feedlot production is concentrated in the Great Plains region of the United States
(Drouillard, 2018).

Significant resources have been allocated to research and develop enteric methane
emission mitigation strategies. Among these is feed additive 3-Nitrooxypropanol (3-NOP). By
suppressing the enzyme in the rumen that creates methane, 3-NOP has shown reduction in
enteric methane emissions from beef cattle ranging from 4% to over 70% (Yu et al., 2021).
Studies suggest no significant positive nor negative animal health and productivity impacts from
inclusion of the additive in feedlot rations. 3-NOP (commercially sold as Bovaer®), is on the
market in most major beef producing countries (e.g., Australia, Brazil, the European Union)
(dsm-firmenich, 2024). In May 2024, the additive received approval from the U.S. Food and
Drug Administration (FDA) for use in the U.S. dairy sector (Elanco, 2024), but FDA approval
for use in the U.S. beef sector is still pending.

Scientific literature has found 3-NOP reduces enteric methane emissions, yet its

economic feasibility in practice remains unknown. Use of 3-NOP must make “economic sense”



to spur producers to adopt the new technology, as availability of a product is necessary yet not
sufficient for industry adoption to occur (Tonsor & Schroeder, 2015). Thus, the objective of this
study is to determine potential 3-NOP adoption rates by U.S. feedlot cattle producers given
various marketplace incentives. Using a producer survey, we elicit the first-known willingness-
to-adopt (WTA) measures and explore the mechanisms by which the U.S. beef industry can
achieve feedlot emissions reduction targets.

We additionally discuss the underlying social welfare impacts of emissions-reducing
scenarios as they relate to beef production. In economics, social welfare is the aggregation of the
utility (or well-being) of the individual members within society (Dictionary of the Social
Sciences, 2002). Consumers, producers, and taxpayers are all part of a functioning society, and a
single member of society can assume multiple roles (e.g., be a consumer and a taxpayer).
Regarding the topic of beef production and its climatic impact, influence can come from multiple
angles. For example, producers can elect or not elect to implement 3-NOP in their feedlot
rations. Consumers can choose to pay a premium for products in the retail marketplace that are
produced using climate-focused practices. Policymakers may push forward policies that
economically incentivize the use of climate-focused practices or provide research and
development (R&D) funding to entities creating products that reduce enteric emissions.
Ultimately, any government funding in support of these policies stems from taxpayer
contributions forgoing opportunity for alternative use. Each of these decisions involves trade-offs
and has impact on the well-being of society collectively and the individual members within it. As
such, quantifying those impacts aids in comparing potential scenarios and deciding best steps

forward to create more sensible action (or inaction) in this space.



The remainder of this study is presented as follows. We provide a review of relevant
literature and define key terms used throughout the paper. We then summarize the feedlot
producer survey mechanism and the empirical double-bounded dichotomous choice approach.
Results are outlined followed by a discussion of potential scenarios in this space. Finally,
conclusions are drawn, including considerations for future work.

Literature Review

Greenhouse gases, including methane, are gases that trap heat in the Earth's atmosphere.
Approximately 79.7% of all U.S. GHG gas emissions come in the form of carbon dioxide (CO>).
Methane (CHa) is the second most emitted GHG at 11.1% of the U.S. total. Nitrous oxide (N2O)
follows at 6.1%, with the remaining 3.1% attributed to fluorinated gases (U.S. EPA, 2024a).
Importantly, each of these GHGs has different effects on the Earth’s warming. The Global
Warming Potential (GWP) measure was developed to quantify comparisons of the various
warming impacts of each of the major GHGs. Specifically, GWP quantifies the amount of
“energy the emissions of 1 ton of a gas will absorb over a given period of time, relative to the
emissions of 1 ton of carbon dioxide (CO.).” The higher the GWP, the more the Earth is warmed
as compared to carbon dioxide over a given period. Methane, for example, has a GWP of
approximately 27 to 30 over 100 years. While methane emitted today only lasts about a decade, a
much shorter span than carbon dioxide, it absorbs much more energy, contributing to its high
GWP (U.S. EPA, 2024b). It is worth noting that GWP measures, originating the late-1980s, have
received much attention and scrutiny over the years (Allen et al., 2018; Shine, 2009), yet they
remain widely used in providing high-level insights on how GHG effects vary by source.

Many strategies and technologies are being developed to mitigate enteric methane

emissions from ruminant livestock (Arndt et al., 2022), and the scientific literature around them



continues to grow. Among these are feed additives (as discussed in this study) (Alemu et al.,
2021; Vijn et al., 2020; Vyas et al., 2018), genetic selection (Fennessy et al., 2019; Goopy,
2019), and diet formulation (Broocks et al., 2016; Klopatek et al., 2022). Thus, while feed
additive 3-NOP is a current “frontrunner” in reducing methane emissions, many other potential
avenues may come into play as this field advances. Additionally, it may be that producers
employ a combination of the aforementioned strategies, as well as others, to reduce enteric
methane emissions in the future.

The choice to adopt or to not adopt enteric methane-reducing strategies is likely
influenced by many factors, including operation size. The U.S. feedlot sector is not unique in
U.S. agriculture in that it has experienced considerable consolidation; a small number of large
operations are now home to a commanding share of all cattle on feed in the country. Previous
work has shown larger feedlots are more likely to engage in risk mitigation strategies and
employ more technologies in production (Diersen & Fausti, 2019; McKendree et al., 2021). They
also tend to have more extensive feedlot facilities (Simroth et al., 2017). These characteristics,
among others, could play a role in 3-NOP adoption in U.S. feedlots as economies of scale is
often central to managerial changes.

The adoption of 3-NOP will likely hinge on economic incentives, which could potentially
stem from consumer demand or government support. Consider first the case of incentives driven
by consumer demand. If consumers signal willingness-to-pay (WTP) for beef products with
climate and sustainability claims, as economic WTP studies have shown in the past (Ishaq et al.,
2024; Tonsor & Shupp, 2009), producers may see price premium opportunities from processors
in the future. There currently exist established premium programs available for beef producers,

including those for Certified Angus Beef® (CAB) and All-Natural beef (USDA AMS, 2023).



Fetching these premiums requires producers to adhere to specific program standards. While a
widespread premium is not currently available for climate-focused beef, there have recently been
new advancements in this space. For example, Tyson’s new BRAZEN™ Beef product line
claims a 10% GHG emissions reduction compared to conventional production methods (Tyson
Foods, Inc., 2024) and the U.S. Department of Agriculture (USDA) recently approved a verified
process for low carbon beef that “must have life-cycle greenhouse emissions at least 10% lower
than industry baseline” (USDA AMS, 2024b). As such, climate-focused premiums from beef
processors may be forthcoming.

Turning attention to government support, take into consideration the Inflation Reduction
Act of 2022. This legislation provided an additional $19.5 billion in funding for climate smart
agriculture through the USDA Natural Resources Conservation Service (NRCS) (USDA Press,
2023). In 2023, USDA NRCS added “Feed Management” to the Climate-Smart Agriculture and
Forestry (CSAF) Mitigation activities list, opening feed additives that reduce enteric methane
emissions to a host of NRCS programs that provide funding to producers for climate-focused
production practices (USDA NRCS, 2023). Hence, a future subsidy (i.e., a sum of money
granted to producers from the government) for the adoption of 3-NOP could also be on the
horizon once the additive is approved for use in the U.S. beef industry. We additionally note that
government subsidies are in place for other programs engaged in by U.S. beef producers (Boyer
& Griffith, 2023; Tong et al., 2019), so the concept of government subsidies is not novel for
most producers.

Another potential alternative method for generating economic incentives for beef
producers would be participation in carbon credit programs. While other major beef producing

countries have more mature carbon markets for incentivizing reductions in cattle emissions



(Australian Government, 2024; Government of Canada, 2023), the U.S. carbon market lags
functioning markets in other countries. Thus, we elect not to include this incentive source in this
study.

Previous economic research has sought to better understand producer adoption of various
livestock products and technologies (DeLong et al., 2023; Goodwin & Schroeder, 1994; Pudenz
et al., 2021), but to our knowledge no known studies have explored adoption of emissions-
mitigating technologies in U.S. feedlots. As such, our study aims to be pioneering work in this
space and to motivate future extensions and enhancements as the real-world situation promises to
continue evolving.

Materials & Methods
Data Collection

Empirical data were collected via an online survey of U.S. cattle producers who are
engaged in the feedlot stage of beef production. The survey was administered from November
2023 through January 2024. Survey development and response collection was completed using
Qualtrics, an online survey tool. The contents of the survey instrument used in this study are
available in Appendix A and are further outlined in the remainer of this section. A Qualtrics
survey link was distributed through email listservs at FEEDLOT Magazine as well as livestock
trade associations in Colorado, lowa, Kansas, Nebraska, and Texas. FEEDLOT Magazine
produces widely circulated feedlot-focused publications with 8 print magazines sent each year
and a digital newsletter emailed each week to feedlots spanning the United States. Collaboration
with FEEDLOT Magazine to distribute our online survey followed from their established
frequent email contact with the U.S. feedlot community. The five U.S. states—Colorado, lowa,

Kansas, Nebraska, and Texas—were targeted for survey distribution given their importance in



the U.S. cattle feeding landscape. Combined, they are home to over 80% of the total cattle on
feed in the United States. That is, nearly 20 million head of cattle were placed on feed in these
five states alone last year (USDA NASS, 2024a).

In total, 65 usable observations were collected from these distribution efforts. Responses
were deemed usable if the percentage of the respondent’s cattle operation devoted to feedlot
production was greater than zero and a speed-check question was answered correctly. This is
roughly 24% of the total 267 responses garnered through the aforementioned collection methods.
The majority of dropped responses were due to respondents being involved in another stage of
the beef supply chain (e.g., cow-calf production) but not feedlot production. Snowball sampling
techniques were not employed in this study given the competitive nature of the U.S. feedlot
industry. While these techniques can be useful in reaching “hidden” populations (e.g., drug
users) (Dragan & Isaic-Maniu, 2013), they would likely be ineffective in this context given the
reluctance of respondents to provide the contact information of competitors.

The main focus in the survey was to gauge producer willingness-to-adopt 3-NOP in cattle
feeding rations using the double-bounded dichotomous choice (DBDC) methodology. The DBDC
framework, proposed by (Hanemann et al., 1991), is a contingent valuation method commonly
employed when market data are not available (Jana & Tamang, 2023; Tonsor et al., 2013). We
specifically chose DBDC for this study for multiple reasons. First, the DBDC approach yields
more statically efficient WTA estimates as compared to the single-bounded methodology, as it
incorporates a greater amount of information about each respondent’s individual WTA
(Hanemann et al., 1991). Second, DBDC is a less complex questioning methodology versus more
involved methods, including choice-based conjoint analysis (Lusk & Hudson, 2004).

Accordingly, WTA estimation with DBDC is straightforward, and survey respondent fatigue can



be lessened. In addition, other methods, such as experimental auctions, require recruitment of
survey respondents and payment for participation (Canavari et al., 2019). Given the desire to
broadly survey the feedlot landscape in the United States, these approaches would be impractical
and outside of the time and financial constraints of this study.

Prior to receiving the DBDC questioning, all respondents were presented with the

following information:

“Beef cattle produce enteric methane emissions that contribute to total greenhouse gas
(GHG) emissions. Several strategies are being researched and developed to reduce enteric
methane emissions from cattle. Among these is the use of a synthetic feed additive, 3-
Nitrooxypropanol (3-NOP), that reduces methane emissions from feedlot cattle by over 20%.
Studies have shown no significant production impacts (positive or negative) when cattle are fed
the additive. The additive is not yet approved in the U.S. but has been approved in other beef
producing countries, including Australia, Brazil, and the European Union.”

Respondents were then presented the following additional information and asked a yes/no
question:

“Assume in the near future the feed additive is approved in the U.S. and would be fed
daily for the entirety of the time cattle are in the feedlot with no withdrawal period before
slaughter. Additionally assume the cost of including the additive in feed rations is X¢/head/day.
Would you include the additive in your feed ration if you received a $Y/cwt {incentive} on fed
cattle you sold?”

Here, respondents were randomly assigned to exogenously designed treatment groups.
Treatments varied on 3-NOP cost (X¢/head/day), incentive source ({incentive}), and incentive

level ($Y/cwt). Depending on randomization, X took on the value of 10, 25, or 40. That is, each



survey respondent randomly received one of the 3-NOP cost values. The cost of 3-NOP on the
U.S. market is currently unknown. However, in the European market, 3-NOP has been cited to
cost approximately 85€/head/year in the dairy setting (Bodde, 2022), which equates to about
25¢/head/day in USD. Therefore, we used 25¢/head/day as a mid-point for presented costs and
included 10¢/head/day and 40¢/head/day to account for lower and higher potential costs,
respectively. The presented {incentive} was either “premium from the processor” or “subsidy
from the government”, and Y took on the value of 2, 5, or 8. As discuss previously, both
incentive sources are familiar to U.S. beef producers. As such, additional descriptions of the
incentives were not included. Incentive levels were determined by estimating the cost of using 3-
NOP in practice and by consulting the USDA AMS Cattle Contracts Library to determine
existing marketplace premiums for other attributes. For example, in October 2023 (when the
survey was developed) the Certified Angus Beef® premium was $5.76/cwt (USDA AMS, 2023),
which is near the midpoint of the presented incentives in our survey.

Additionally, half of the survey respondents were randomly selected to receive additional
information. This included net profit calculations given assumptions based on industry averages
for days on feed and live slaughter weight. That is, respondents were given the following
statement:

“If sold after 175 days on feed at a live weight of 1400 lbs. and assuming no animal
performance impact, this would net $Z/head of profit. ”

The value of Z varied depending on the randomly presented levels of X and Y. We
included this follow-up information to determine the potential impact of enhanced messaging on

producers’ adoption decisions.
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If respondents answered that they would include the additive in their feed ration at the
presented randomly assigned values for X, Y, and {incentive}, they were asked a follow-up
question that halved the value of Y and kept all other information unchanged. That is, if the
respondent answered “yes” when Y=2, they would then be asked the same question except now
Y=1. Conversely, if respondents answered that they would not include the additive in their feed
ration, they were asked a follow-up question that doubled the value of Y (i.e., Y=2 becomes Y=4),
keeping all other information unchanged.

In addition, survey respondents were asked questions regarding demographic
information, operational characteristics, and outlook on the beef/climate topic. Within our survey
sample, the average number of fed cattle sold for slaughter per operation is greater than the
national average reported by the USDA National Agricultural Statistics Service (NASS). To
correct for sample differences and to better represent the cattle feeding landscape in the United
States, poststratification weights were created based on 2023 USDA NASS survey data for fed
cattle sold for slaughter broken down by operation capacity. This operational characteristic was
chosen as it is likely strongly related to producer demographics and production practices. We
follow weighting procedures in Lusk and Rozan (2008) and Schulz and Tonsor (2010) to create
weights. Respondents were asked the number of fed cattle sold on their operation over the past
12 months in the following categorical ranges: 1 to 999, 1000 to 1999, 2000 to 3999, 4000 to
7999, 8000 to 15,999, 16,000 to 23,999, 24,000 to 31,999, 32,000 to 49,999, and 50,000 or more.
Our sample lacks observations in the 32,000 to 49,999 head category, so this category was
excluded from the weighting procedures. The mid-point of each of these ranges was then
multiplied by the number of collected observations in our sample in each of these categories to

determine an estimated number of fed cattle represented in each category by our sample. For the

11



50,000+ category, the number of observations was multiplied by 50,000 as a conservative
estimate of number sold by operations this size. Sensitivity analyses were conducted using a
larger number of head, but results were largely consistent across variations. To create weights,
we divided the fraction of NASS-reported fed cattle sold for slaughter in each of the operation
size categories by the fraction of the calculated fed cattle sold for slaughter in the survey sample
that fell into each category. Summary statistics of respondent characteristics are outlined in Table
1.1. Both unweighted and weighted statistics are included. Because the weighted statistics
correct for imbalances in our survey sample, we present results that use weighted data.

Table 1.1 Summary statistics for select producer survey sample characteristics

Unweighted Weighted
Variable Mean Mean
Age (years) 54.231 54.595
(14.543) (31.355)
Average Cost of Gain (=1 if avg cost of gain for feeder cattle placed over past 12 months)
Less than $110/cwt 0.108 0.143
(0.312) (0.766)
$110 to $119.99/cwt 0.292 0.390
(0.458) (1.067)
$120 to $119.99/cwt 0.215 0.128
(0.414) (0.730)
$130 to $139.99/cwt 0.246 0.187
(0.434) (0.854)
$140 to $149.99/cwt 0.123 0.129
(0.331) (0.734)
$150 to $159.99/cwt 0.015 0.024
(0.124) (0.331)
$160 or more 0.000 0.000
(0.000) (0.000)
Average Daily Gain (=1 if avg daily gain for feeder cattle placed over past 12 months)
Less than 1.50 Ibs. 0.015 0.024
(0.124) (0.331)
1.50 to 1.99 Ibs. 0.062 0.094
(0.242) (0.639)
2.00 to 2.49 Ibs. 0.077 0.103
(0.269) (0.664)
2.50 t0 2.99 Ibs. 0.277 0.299
(0.451) (1.002)
3.00 to 3.49 Ibs. 0.338 0.270
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(0.477) (0.972)

3.50 to 3.99 Ibs. 0.231 0.210
(0.425) (0.891)
4.00 Ibs. or more 0.000 0.000
(0.000) (0.000)
Average Days on Feed (=1 if avg days on feed for feeder cattle placed over past 12 months)
Less than 150 days 0.108 0.150
(0.312) (0.780)
150 to 159 days 0.092 0.069
(0.292) (0.556)
160 to 169 days 0.138 0.134
(0.348) (0.746)
170 to 179 days 0.108 0.061
(0.312) (0.522)
180 to 189 days 0.185 0.119
(0.391) (0.709)
190 to 199 days 0.092 0.112
(0.292) (0.691)
200 days or more 0.277 0.355
(0.451) (1.047)
College, 4-year degree or more (=1 if yes) 0.646 0.518
(0.482) (1.102)
Fed Cattle Sold for Slaughter (=1 if # of head sold by operation over past 12 months)
1-999 head 0.523 0.799
(0.503) (0.877)
1000-1999 head 0.092 0.052
(0.292) (0.485)
2000-3999 head 0.046 0.049
(0.211) (0.474)
4000-7999 head 0.031 0.036
(0.174) (0.410)
8000-15,999 head 0.031 0.023
(0.174) (0.330)
16,000-23,999 head 0.062 0.011
(0.242) (0.229)
24,000-31,999 head 0.031 0.007
(0.174) (0.186)
50,000 head or more 0.185 0.022
(0.391) (0.319)
Marketing Methods (%)
Formula 21.046 8.557
(37.461) (58.343)
Forward Contract 8.200 6.547
(26.066) (52.678)
Cash 31.954 40.536
(42.235) (102.557)
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Grid 25.415 25.853

(38.855) (91.212)

Other 13.385 18.507
(33.832) (85.407)

Operation Breakdown (%)

Seed stock 3.077 3.782
(11.309) (28.832)

Cow-calf 24.738 34.842
(29.560) (69.620)

Background/stocker 14.769 17.560
(22.022) (50.993)

Feedlot 55.954 43.038
(36.961) (76.743)

Other 1.462 0.778
(9.002) (9.881)

State (=1 if operation located in state)

Colorado 0.062 0.018
(0.242) (0.292)

lowa 0.046 0.065
(0.211) (0.542)

Kansas 0.154 0.028
(0.363) (0.362)

Nebraska 0.077 0.061
(0.269) (0.526)

Texas 0.169 0.069
(0.378) (0.557)

Other 0.492 0.715
(0.504) (0.904)

Note: Standard deviations are in parentheses. We include summary statistics for variables not
used in this specific analysis as context to better understand the characteristics of the sample at
large.

Empirical Estimation

Given responses to the double-bounded dichotomous choice question, four discrete
intervals can be constructed to identify each respondent’s WTA. If a respondent answers no to
both the first and the follow-up question, we know their willingness-to-adopt falls within the

interval (2Y, ). If no then yes, the interval is (Y, 2Y]. If yes then no, the interval is (0.5Y, Y].

Finally, if yes then yes, the interval is [0, 0.5Y]. Using these intervals as the dependent variable,
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we estimate interval-censored regression models following Cameron (1988) and Cameron and
Quiggin (1994). Assume producer i’s true WTA is the following:

(1.1) WTA; =X+ &
where X; is a vector of explanatory variables pertaining to producer i, and S is a vector of
coefficients. The i.i.d. normal error term is represented by &; with a standard deviation of o.

Consider P; 0w and P; ;g as the lowest and highest level of incentive producer i is willing to
accept as indicated by their two discrete choices. We know P; 1, < WTA; < P;pign. The log-

likelihood function (LLF) for the interval-censored regression can be written:

(L2) LLF = In [ (Bish=0F) _ g (Puiow Xif)]

g

where @ is the cumulative standard normal distribution function. If estimated with only an
intercept term, the intercept estimates the mean WTA (Cameron & Quiggin, 1994). To explore
experimental treatment impacts, additional explanatory variables are added to the model. These
include Cost, a continuous variable equal to the randomly presented cost; Processor Premium, a
binary variable equal to 1 if the presented incentive was a processor premium (and equal to O for
a government subsidy); and Net Profit Calculations, a binary variable equal to 1 if the
respondent was presented net profit calculations within their information set (and equal to 0
otherwise). Mean WTA is then estimated for various scenarios using the estimated coefficients
for these variables.

As stated in the introduction, USRSB has set a goal for the U.S. feedlot sector to reduce
GHG emissions by 10% per pound of beef by 2030. Assuming the feedlot sector were to only
use 3-NOP to reach this target, we estimate the minimum outlays required given various
scenarios. To do so, a target adoption number must be established. The animal science literature

offers a broad spectrum of anticipated emissions reduction from 3-NOP when used in beef
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production, ranging from under 10% to over 70% (Yu et al., 2021). Alemu et al. (2021) offers
potentially the most extensive study of 3-NOP use in commercial beef feedlots with over 4000
steers included in the analysis. This research found estimated methane production and yield
reduced by 25.7% and 21.7%, respectively, when 3-NOP was included in feedlot rations.
Additionally, a meta-analysis reported methane production and yield reductions of 22.2% and
17.1%, respectively, when using 3-NOP in beef production (Dijkstra et al., 2018). Using these
studies as guides, we conservatively assume a methane reduction of 20% when 3-NOP is used in
feedlot rations. Thus, if the feedlot sector is to reduce emissions by 10% using only 3-NOP and
given the established 20% emissions reduction level, one-half of the cattle on feed in the U.S.
would have to be fed the additive. Using 2023 USDA NASS survey data for commercial
slaughter, we establish 12,417,500 head as the target number of cattle fed 3-NOP to hit sector
GHG emissions targets. We assume the number of pounds of beef per head is unchanged over
time as the USRSB feedlot emissions reduction target is on a per pound basis.

Adoption curves are mapped for various scenarios. From these adoption curves,
estimated monetary outlays are calculated. Outlays are calculated as the incentive level (in $/cwt)
needed to reach a target level of adoption multiplied by the number of head fed 3-NOP and the
average live pounds per head at slaughter. Average live pounds per head is calculated as the
average of USDA NASS-reported Ibs./head of cattle greater than 500 Ibs. commercially
slaughtered from November 2023 through January 2024. We match the window the survey was
open to reflect the reality of the cattle feeding landscape when producers were taking the survey.
Average live pounds per head over this time span was 1,392.

The sample is first analyzed including all observations. Then, recognizing the economic

realities in the U.S. cattle feeding landscape, we subset the sample by number of head sold for
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slaughter in the previous 12 months. In 2023, operations with capacity of 2000 or more head
supplied approximately 85% of the commercially slaughtered finished cattle in the United States.
However, operations of this capacity only comprised about 5% of all U.S. cattle feeding
operations. That is, there are thousands of small feeding operations in the country, but they
contribute only a small fraction of total fed cattle slaughtered for beef production. As such, we
hypothesize that operations of different sizes may have differing responses to market incentives
and production costs.

Operations with sales less than 2000 head (n=40) are analyzed separately from those with
2000 head or more (n=25). The breakpoint at 2000 head was chosen to have a roughly similar
number of observations in each group while also recognizing that an operation that annually
markets 1000 to 1999 head likely operates more similarly to an operation marketing less than
1000 head than one marketing 50,000 head or more. After sub-setting the data into small feedlots
(<2000 head sold for slaughter over the past 12 months) and large feedlots (2000+ head sold for
slaughter over the past 12 months), we follow the previously outlined methods for each data
subset, including re-weighting each accordingly.

When solving for the incentive level needed to reach the target level of adoption,
adoption curves for both small and large feedlots are taken into consideration as well as the
differing number of head that could potentially be fed the additive in small feedlots versus large
feedlots. The weighted-average number of fed cattle sold for slaughter by small and large
producers was calculated using 2023 USDA NASS survey data. First, the average number of
head sold for slaughter per operation for each capacity category was calculated by dividing the
number of head sold for slaughter in each capacity category by the number of feedlots in each

category. These totals were then weighted by each capacity category’s share of total operations
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and summed across categories for both the small and large producer subsets. Small producers
sold, on average, 159 head for slaughter; large producers sold, on average, 15,339 head for
slaughter. Taking these figures and the aforementioned small and large producer adoption curves
into account, we solve for the incentive level where the target 3-NOP adoption (i.e., 12,417,500
head) can be achieved given various scenarios.
Results

Table 1.2 presents the results of the interval censored regressions for the full sample and
the small producer and large producer data subsets. We find statistical significance for nearly all
estimated parameters with signs meeting expectations. When considering the industry as a
whole, the mean WTA indifference point (intercept) is $5.91/cwt if adoption costs were zero.
That is, it would take a $5.91/cwt incentive for the typical feedlot producer to be indifferent to
incorporating 3-NOP into their feeding rations if they faced no adoption costs. We find that as
the cost of 3-NOP increases by 1 cent, the incentive level must increase by approximately 13
cents. This finding is in line with expectations, as producers would be paying more out of pocket
as the implementation cost of the additive increases. Further, producers show preference toward
premiums over subsidies. The WTA indifference point is $2.54/cwt lower with a processor
premium as compared to a government subsidy. This preference for premiums over subsidies
could potentially be attributed to the difference in time and effort needed to obtain each type of
incentive. Receiving a subsidy would require engagement with an additional entity (i.e., the U.S.
government) to facilitate payments, while receiving an additional premium from the processor
may be less cumbersome. Furthermore, U.S. livestock producers have historically had less
engagement with the federal government than their crop-producing counterparts. For example,

over 80% of major crop commodity acres grown in the country are covered by the Federal Crop
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Insurance Program (USDA ERS, 2023). Participation in federal livestock risk mitigation
programs, such as Livestock Risk Protection, is much lower, albeit on the rise (Abello, 2023).
Finally, we find that presenting net profit calculations results in a lower mean WTA indifference
point by $3.82/cwt, suggesting that enhanced messaging and clearly communicating financial
implications likely influence adoption decisions.

Table 1.2 Interval-censored regression estimates

(1) (2) 3)
Parameter All Small (<2000)  Large (2000+)
Intercept 5.907*** 6.394*** 2.362***
(0.854) (2.312) (0.744)
Cost 0.126*** 0.137* 0.087***
(0.026) (0.070) (0.018)
Premium Incentive -2.535*** -2.309 -1.269**
(0.609) (1.667) (0.530)
Net Profit Calculations -3.816*** -4 539*** -1.151**
(0.613) (1.684) (0.512)
Scale 4.827 5.103 1.312
(0.245) (0.672) (0.222)
n 65 40 25
LL -521.126 -81.261 -42.349

Note: *, ** and *** denote statistical significance at the 10%, 5%, and 1%
levels, respectively. Numbers in parentheses are standard errors. Models were
estimated using PROC LIFEREG in SAS. All uses observations from the entire
dataset in estimation. Small uses only observations from small producers
(<2000 head sold in last 12 months). Large uses only observations from large
producers (2000+ head sold in last 12 months). Results of adjusted likelihood
ratio tests (Bewley, 1986) find the pooled model (column 1) is outperformed
by models that separate small and large producers (columns 2 and 3).

Figure 1.1 plots estimated normally distributed adoption curves using coefficient
estimates outlined in column 1 of Table 1.2. Potential scenarios are considered that differ on the
basis of 3-NOP cost, incentive source, and whether or not net profit calculations were included.
As the cost of the additive increases, the adoption curves shift to the right and away from zero
reflecting larger premiums or subsidies would be needed to entice adoption. Adoption curves for

subsidies are farther from zero than those for premiums for each scenario reflecting producer
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preference for cattle marketplace incentives. Including net profit calculations in the information
set results in adoption curves being closer to zero. The standard deviations underlying the
estimates used to construct the curves are generally comparable in magnitude across scenarios,
resulting in adoption curves that are similar in appearance, as evidenced by the figure.

Figure 1.1 Estimated 3-NOP adoption curves for U.S. feedlot sector (all producers)
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Note: Coefficients used to construct figure were estimated using entire survey sample (n=65).
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When the sample is broken into small and large producers, the high-level directional
conclusions remain the same, but the magnitudes of the findings differ widely. For example, the
mean WTA indifference point for small producers, at $6.40/cwt, is higher than that for the entire
sample, at $5.91/cwt. Conversely, that for large producers is much less, at $2.36/cwt. This
finding could be attributed to the sheer number of cattle finished in a large feedlot versus a small
feedlot. A smaller incentive on a larger number of finished cattle could equate to more money in
a producer’s pocket than a larger incentive on a smaller number of head. We additionally find
that smaller producers require a larger incentive (14 cents) as the cost of the additive increases by
1 cent than larger producers (9 cents). When considering preference of incentive source, smaller
producers have a stronger preference for premiums versus subsidies, with the estimated premium
incentive being $2.31/cwt less than a government subsidy. Note that this estimated coefficient is
marginally significant at the 0.17 level. For large producers that number is only $1.27/cwt.
Building off the earlier discussion about the effort required to obtain premiums versus subsidies,
consider that smaller producers may also be running more diversified operations or be more
likely to have off-farm employment. That is, many may have crops in addition to their livestock
operation, or they may have cow-calf and backgrounding enterprises alongside their feeding
operation. The additional work required to receive a government subsidy may be deemed not
worth the effort for an operation that is only feeding out a couple hundred head a year as
compared to a large operation feeding thousands. Finally, we find that including net profit
calculations results in a significantly lower WTA for small producers, at -$4.54/cwt. For large
producers, that figure is -$1.15/cwt.

Coefficient estimates outlined in Table 1.2 are used to calculate mean WTA measures

across various scenarios. Results of these calculations are summarized in Table 1.3. All
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estimated WTA measures are statistically significant except those for premiums when cost
presented was 10c¢/head/day and net profit calculations were included. For nearly every scenario,

the calculated mean WTA for small producers is higher.
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Table 1.3 Mean Willingness-to-Adopt (WTA) measures calculated across various scenarios

Cost: 10¢/head/day

Net Profit Calculations: No
Cost: 25¢/head/day

Cost: 40c¢/head/day

Small Large Small Large Small Large
All (<2000) (2000+) All (<2000) (2000+) All (<2000) (2000+)
Premium 4,628***  5450*** 1 .980*** | 6.513*** = 7519*%**  3.260*** | 8.398*** = 9.549*** 4 55Q***
(0.695) (1.954) (0.431) (0.538) (1.555) (0.294) (0.626) (1.802) (0.372)
Subsidy 7.163***  7.768***  3.229*** | 9.048***  9.828***  4528*** | 10.933*** 11.888***  5.828***
(0.686) (1.858) (0.621) (0.572) (1.571) (0.511) (0.693) (1.927) (0.537)
Net Profit Calculations: Yes
Cost: 10¢/head/day Cost: 25¢/head/day Cost: 40¢/head/day
Small Large Small Large Small Large
All (<2000) (2000+) All (<2000) (2000+) All (<2000) (2000+)
Premium 0.812 0.920 0.809 2.697*** 2.981** 2.109*** | 4582***  5041***  3.408***
(0.712) (1.940) (0.584) (0.549) (1.497) (0.467) (0.626) (1.717) (0.497)
Subsidy 3.347*** 3.229** 2.078*** | 5232***  5280***  ZJ77r** | T LL7FR* 7.349%*F* 4677
(0.601) (1.579) (0.672) (0.454) (1.179) (0.550) (0.588) (1.585) (0.553)

Note: *, ** and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. Approximate standard errors (in
parentheses) were estimated using the delta method. All refers to measures calculated from coefficients estimated using the entire
dataset (n=65). Small refers to measures calculated from coefficients estimated using only survey responses from small producers
(<2000 head sold in last 12 months; n=40). Large refers to measures calculated from coefficients estimated using only survey
responses from large producers (2000+ head sold in last 12 months; n=25).
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Recall that to achieve a 10% emissions reduction, 50% of cattle on feed would have to be
fed 3-NOP, given previously outlined assumptions. As such, the mean WTA measures in the All
columns in Table 1.3 represent the marketplace incentive required to achieve target emissions
reductions for each respective scenario, as these measures theoretically encompass the average of
all producers in the feedlot sector. However, we have shown that heterogeneity exists in producer
adoption based on operation size. Thus, these average measures are likely not the best
representation of the potential adoption of 3-NOP if marketplace incentives were to align.

Hence, we revisit the mean WTA estimates for small and large producers. Figure 1.2
graphs adoption curves using measures calculated from coefficient estimates in columns 2 and 3
of Table 1.2. Unlike Figure 1.1, here premium and subsidy adoption curves are plotted on
separate graphs. We again find that the adoption curves shift farther to the right of zero as the
cost of 3-NOP increases, when considering subsidies as compared to premiums, and when net
profit calculations are not included. The incentive levels needed to achieve target emissions
reductions by the feedlot sector are plotted as vertical dotted lines in Figure 1.2. Considering the
differing scenarios, the incentives follow the same trends as the means plotted in Figure 1.1.

However, the magnitudes of incentives critically differ with important implications.
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Figure 1.2 Plotted 3-NOP adoption curves for the U.S. feedlot sector separated by small and large operation size and the
estimated incentive levels needed to achieve feedlot sector emissions reduction targets
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Note: Coefficients used to construct adoption curves for small producers were estimated using only observations from small producers
(<2000 head sold in last 12 months; n=40). Coefficients used to construct adoption curves for large producers were estimated using
only observations from large producers (2000+ head sold in last 12 months; n=25). To achieve target denotes the incentive level
needed to achieve 50% of U.S. cattle on feed being fed 3-NOP.
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Table 1.4 outlines the necessary incentives to reach target adoption when following the
two approaches: the full sample and the split sample that separately considers the WTA of small
and large producers. For all but one scenario, the solved incentive for the split sample is lower
than that calculated when the sample is considered as a whole. This indicates that considering
heterogeneity in the adoption decision as it relates to operation size leads to differing adoption
outcomes.

Table 1.4 Necessary incentives to reach target 3-NOP adoption under differing scenarios
and estimation approaches ($/cwt)

Net Profit Calculations: No
Cost: 10¢/head/day Cost: 25¢/head/day  Cost: 40¢/head/day

Al Split Al Split Al Split
Premium 4.63 2.06 6.51 3.37 8.40 4.70
Subsidy 7.16 3.43 9.05 475 | 10.93 6.05

Net Profit Calculations: Yes
Cost: 10¢/head/day  Cost: 25¢/head/day ~ Cost: 40¢/head/day

All Split All Split All Split
Premium 0.81 0.81 2.70 2.14 458 3.47
Subsidy 3.35 2.14 5.23 3.49 7.12 4.80

Note: All refers to measures calculated from coefficients estimated using the entire
dataset (n=65). Split refers to measures calculated from taking into consideration
coefficients estimated for both the small (n=40) and large (n=25) data subsets and
the weighted-average number of fed cattle sold for slaughter by both small and
large producers. Target adoption is 3-NOP being fed to 12,417,500 head.

In turn, the estimated outlays, whether via premium or subsidy, required to achieve target
emissions reductions also vary by data approach. Estimated annual outlays for the various
scenarios are calculated and summarized in Table 1.5. Outlays are the product of necessary
incentives ($/cwt) to reach target adoption (as reported in Table 1.4), the number of head needed
to hit target emissions reductions (12,417,500), and the average pounds of fed cattle at slaughter
(1,392 Ibs. live weight). The least expensive route to achieve target adoption is estimated to be

via a premium when 3-NOP costs 10c¢/head/day and net profit calculations are included.

However, recall that our estimates for mean WTA measures (summarized in Table 1.3) for this
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scenario were not statistically significant from zero for any of the data approaches (i.e., whole
dataset, small subset, large subset). Hence, caution should be taken regarding these estimates.
The next least expensive avenue to achieve target emissions reductions would be the
approximately $357 million needed annually to fund a premium when 3-NOP costs
10c¢/head/day, net profit calculations are not included, and calculations utilize results from the
split sample approach. In this scenario, the estimated annual outlays from the split sample are
$237 million less than the estimated outlays if we consider the entire sample, holding all other
marketplace conditions constant.

Table 1.5 Estimated annual outlays to reach target 3-NOP adoption under differing
scenarios and estimation approaches (million USD)

Net Profit Calculations: No
Cost: 10¢/head/day Cost: 25¢/head/day  Cost: 40c¢/head/day

Al Split Al Split Al Split
Premium 594 357 1126 582 1452 812
Subsidy 1238 502 1564 821 1890 1045

Net Profit Calculations: Yes
Cost: 10c/head/day  Cost: 25¢/head/day  Cost: 40¢/head/day

All Split All Split All Split
Premium 140 141 466 371 792 600
Subsidy 579 370 905 604 1230 830

Note: All refers to measures calculated from coefficients estimated using the entire
dataset (n=65). Split refers to measures calculated from taking into consideration
coefficients estimated for both the small (n=40) and large (n=25) data subsets and
the weighted-average number of fed cattle sold for slaughter by both small and
large producers. The number of head needed to hit target emissions reductions is
12,417,500. Average live weight at slaughter is estimated to be 1,392 Ibs. based on
2023 USDA NASS survey data.

On the other end of the spectrum, the most expensive scenario, at an estimated $1.89
billion annually, would result from a subsidy when 3-NOP costs 40¢/head/day and net profit
calculations are not included. To put that number into perspective, premium subsidies from the
Federal Crop Insurance Program totaled about $12 billion in 2022. As stated previously, this

program covers nearly every major crop commodity acre in the country, and almost 500,000
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agricultural producers participate (U.S. GAO, 2023). The estimated $1.89 billion required to
incentivize producer adoption of 3-NOP is about 16% of the amount spent for subsidized crop
insurance. Subsidizing U.S. feedlot producers funnels federal outlays to one portion of the supply
chain of one commaodity (beef) and impacts a fraction of agricultural producers in the country, as
will be discussed in the next section. We recognize that the aims of the two subsidies are
different (i.e., risk mitigation vs. emission mitigation), so the comparison is not seamless but
rather included here for context.

Looking more closely at existing U.S. government subsidized livestock programs, we
turn to the Livestock Risk Protection Insurance Plan for Fed Cattle (LRP-Fed Cattle). This
program offers coverage for declining market prices for fed cattle at a range of coverage levels,
with policy premiums being subsidized by the U.S. government (USDA RMA, 2022). In 2023,
6,763 LRP-Fed Cattle policies were sold with subsidy outlays totaling approximately $23.07
million. In total, these policies covered 858,145 head of fed cattle, representing roughly 3.5% of
all fed cattle sold for slaughter in 2023. Clearly, $23.07 million is only a fraction of the $1.89
billion outlays project to incentivize 3-NOP adoption in the previously mentioned scenario. We
observe, however, that participation in LRP-Fed Cattle is on the rise. LRP-Fed Cattle policies for
2024 have already eclipsed 2023 figures with over 1.4 million head of fed cattle covered and
corresponding subsidy outlays of $47.18 million (USDA RMA, 2024). While participation in the
risk protection program is obviously growing in popularity, the subsidy outlays for fed cattle
producers again pale in comparison to those estimated to spur adoption of 3-NOP in feedlots to
reach emissions reduction targets. In fact, the subsidy outlays for 2024 so far ($47.18 million) are

just 2.5% of the $1.89 billion required to incentivize 3-NOP adoption. Again, we provide these
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comparisons solely for context and recognize the differing objectives and beneficiaries of risk
mitigation versus emissions mitigation.
Discussion

Our findings suggest that the feedlot sector could reach emissions reduction targets more
efficiently if considering differences that exist among feedlots, especially on the basis of
operation size. That said, because large producers are willing to adopt 3-NOP at a lower
incentive level than small producers, a greater share of large producers will benefit from
available marketplace incentives than that of small producers. Candidate policies targeting
smaller operations would lead to less overall 3-NOP adoption. Take for example the scenario
when 3-NOP costs 25¢/head/day and net profit calculations are not included. This results in a
subsidy incentive of $4.75/cwt to achieve target emissions reductions, as outlined in Table 1.4.
At this incentive level, 54% of large producers would adopt the additive (resulting in 11.29
million head being fed 3-NOP), whereas that number for small producers is only 30% (resulting
in 1.13 million head being fed 3-NOP). Perhaps more strikingly, of the estimated $821 million in
annual premium outlays in this scenario, $746 million would go to 736 large producers and the
remaining $75 million would be split over 7,092 small producers. Therefore, average outlays per
producer would be approximately $1.01 million for large producers as compared to about
$10,500 for small producers. Granted, large producers are supplying more beef and mitigating
more emissions by adopting the additive. Yet, the political rhetoric and agricultural funding
landscape typically favors providing assistance and opportunities to small producers over large
producers (Ban, 2024; USDA AMS, 2024a; USDA FSA, 2019). This finding raises the question:
Would climate conscious citizens be supportive of incentivizing emissions reductions in beef

production, especially through a subsidy, if the bulk of the outlays benefit large producers?
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Further research is needed to better understand the preferences of the U.S. taxpayers to inform
potential policy action in this space as, alas, substantial trade-offs exist.

More broadly, our study indicates that the U.S. feedlot sector would require smaller
financial incentives to hit target emissions reductions via processor premiums than via
government subsidies. That is, as a society, of the options presented in this survey, it would be
cheapest to reduce methane emissions from beef production by consumers paying extra for beef
at the retail meat counter or in restaurants, leading to derived demand incentives in the fed cattle
marketplace. However, previous work indicates that the market for beef products with climate
claims is niche (Li et al., 2016; Kilders & Caputo, 2024) and would likely cover only a fraction
of the premium levels deemed necessary to achieve emissions reduction targets.

As such, we turn our attention to the subsidy figures calculated in this analysis. Reaching
target emissions reductions via a government subsidy would require hundreds of millions if not
over a billion dollars. Furthermore, these outlays would be reoccurring as mitigating emissions
via 3-NOP is not a one-time solution, but rather a constant added cost for producers as cattle
come into the feedlot and are finished for slaughter. The question arises: Is there a more cost-
effective way for the U.S. public to mitigate emissions from beef production?

We interject a brief description of key terms surrounding social welfare measures before
proceeding to discuss the implications of potential scenarios. As outlined previously, social
welfare is the sum of the utility of the individual members within society. Subsidies, such as the
one proposed in this paper, create deadweight losses as the result of market inefficiencies.
Deadweight loss is the difference between the cost of the subsidy and the benefits experienced
by consumers and producers when in place. Here, we assume taxpayers bear the burden of

funding subsidies. Deadweight losses are detrimental to social welfare because they do not

32



benefit any member of society. The marginal cost of a subsidy in this application is the cost to
taxpayers to subsidize an additional feedlot steer or heifer to be fed 3-NOP. The marginal cost to
subsidize increases with each animal because we rationally assume the producers with the lowest
WTA will be the first to adopt 3-NOP.

As stated in the Introduction, one of the main aims of the recently proposed EMIT LESS
Act is to expand research for feed additives that reduce emissions from cattle production.
Consider instead of a 20% reduction in methane emissions from 3-NOP use, as was assumed
thus far in the study, that the methane reduction is now 30% because of improvements made via
R&D investments. Therefore, rather than one-half of all U.S. cattle on feed needing to be fed 3-
NOP to reach the 10% feedlot sector emissions reduction target, only one-third would have to be
fed the additive. The target number of cattle on feed receiving 3-NOP would then need to be
8,273,329, approximately 4.14 million fewer head than in the previously outlined analysis. We
follow the same procedures and re-estimate needed incentive levels to achieve target emissions
reductions at the improved efficacy level. Focus is specifically on subsidy estimates using the
split data approach that subsets small and large producers.

The differences between estimated outlays when 3-NOP reduces emissions by 20% as
compared to 30% for the selected scenarios are summarized in Table 1.6. Consider the scenario
when 3-NOP costs 10¢/head/day and net profit calculations are included. The estimated outlays
from a government subsidy used to achieve feedlot sector emissions targets at a 30% methane
reduction are $300 million less than at a 20% methane reduction, representing an approximately
81% reduction in outlays. That is, moving from subsidizing one-half to one-third of all cattle on
feed—a decrease of approximately 17%—results in a reduction in outlays of approximately

81%. This is due to the marginal cost of feeding 3-NOP to an additional steer or heifer in the
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feedlot increasing with each animal. Improving the efficacy of 3-NOP through increased
investment in R&D may be less costly to taxpayers than spurring more producers to adopt the
additive in their feed rations.

Stated differently, if investing $300 million in R&D guaranteed 3-NOP efficacy would
improve from a 20% methane reduction to a 30% methane reduction, this investment would
result in an identical financial outcome (i.e., identical taxpayer outlays assuming identical policy
facilitation costs) and identical emissions outcomes (i.e., 10% feedlot sector emissions reduction)
as a subsidy at the 3-NOP efficacy level of 20%. Further, if the R&D investment costs less than
$300 million in this scenario, then the R&D investment would be social welfare improving
compared to the status quo subsidy scenario at the 3-NOP efficacy level of 20% because
reducing subsidy levels reduces deadweight losses. This comparison conservatively assumes a
one-year benefit from enhanced emissions reduction from an R&D investment. Likely, the multi-
year subsidy savings would be much greater, meaning an even smaller R&D investment could
result in identical emissions outcomes over multiple years. Ultimately, we find that a multitude
of methods may exist to achieve emissions reduction targets, but diving deeper reveals nuances
in the welfare landscape.

Table 1.6 Differences in estimated outlays (million USD) and outlay reductions (%) to
reach target 3-NOP adoption via subsidy when assuming 3-NOP efficacy of 30% vs. 20%

Net Profit Calculations: No
Cost: 10¢/head/day Cost: 25¢/head/day Cost: 40¢/head/day

Split Split Split
Difference in outlays 362 409 491
% reduction in outlays 61% 50% 47%

Net Profit Calculations: Yes
Cost: 10¢/head/day Cost: 25¢/head/day Cost: 40c¢/head/day

Split Split Split
Difference in outlays 300 345 423
% reduction in outlays 81% 57% 51%
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Note: Here, differences are calculated as 20% efficacy outlays less 30% efficacy outlays. Split
refers to measures calculated from taking into consideration coefficients estimated for both the
small (n=40) and large (n=25) data subsets and the weighted-average number of fed cattle sold
for slaughter by both small and large producers. The number of head needed to hit target
emissions reductions is 8,273,329. Average live weight at slaughter is estimated to be 1,392
Ibs. based on 2023 USDA NASS survey data.

The contributions of this study have varying implications for the many players in this

space. We briefly summarize these here:

e For producers, we find that avenues exist for reaching U.S. beef industry emissions
reduction targets. Large producers are more likely to be the beneficiaries of such efforts if
economic incentives align. Recent developments in both consumer demand and policy
measures could create opportunities for 3-NOP adoption that make economic sense in
U.S. feedlots.

e For processors, we find that producers prefer economic incentives in the form of
processor premiums to adopt a climate-focused production practice. However, targeting
large producers may be more cost effective, as their mean WTA incentive level is less
than that of small producers.

e For beef consumers, at least a subset of beef producers is willing to adopt a climate-
focused production technology if signaled by market premiums to do so. As such,
purchasing beef products with climate claims could send the message to beef producers
that consumer demand and associated premiums exist for such products.

e For voting residents, recent policy actions have shown that policymakers are engaging
with this topic. For some voters, the stance of political candidates on this issue may be of
importance as they vote for elected officials.

e For policymakers, we find achieving emissions reduction goals is possible via

government subsidies. Because large producers are willing to adopt the additive at a
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lower incentive level, policies may result in vastly larger outlays to large producers as

compared to small producers unless policy mechanics prevent this from occurring.

e For taxpayers, at least a subset of beef producers is willing to adopt a climate-focused
production technology if incentivized through subsidies. Policymakers have begun to
propose policies that would utilize taxpayer dollars toward this end. Going forward, more
taxpayer support may be used to fund emissions reduction efforts from beef production.

Conclusion

The U.S. beef industry is receiving pressure from outside entities to reduce methane
emissions, and the U.S. Roundtable for Sustainable Beef has set a feedlot sector target of 10%
GHG emissions reductions by 2030. Many strategies are currently being researched and
developed toward this end, including feed additive 3-NOP. While the additive has been shown to
reduce methane emissions by at least 20% in commercial feedlot settings, there currently exists
no widespread economic incentive that would spur producers to adopt the new technology. The
objective of this study it to estimate 3-NOP adoption by U.S. feedlot cattle producers given
various incentives.

Using a producer survey, we elicit WTA measures using a double-bounded dichotomous
choice question to explore the mechanisms by which the U.S. beef industry can achieve feedlot
emissions reduction targets. Results of interval-censored regressions indicate that producers
prefer incentives in the form of processor premiums over government subsidies. The incentive
level needed to spur adoption increases as the cost of 3-NOP increases and decreases if net profit
estimations are included in the messaging. On average, small producers require a higher

incentive than large producers to spur 3-NOP adoption.
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From an industry-wide perspective, the least expensive avenues to achieve emissions
reduction targets result in greater outlays to large producers as compared to small producers, as
large producers are willing to adopt the additive at lower incentive levels. Adoption curves are
mapped for various scenarios. The marginal cost to society of feeding 3-NOP to an additional
steer or heifer in the feedlot increases with each animal. As such, it may be that improving the
efficacy of 3-NOP through increased investment in R&D may be social welfare improving as
compared to spurring more producers to adopt the additive in their feed rations.

Like most studies, this research had limitations. Namely, the small sample size of the
producer survey presented challenges. With a greater number of survey responses, heterogeneity
in the data would have been able to be further explored. For example, other characteristics
beyond operation size likely impact adoption decisions, including producer education level, age,
geographic location, and marketing methods employed, among others. We leave this more
granular analysis to future work.

The beef industry has been presented with a challenge to reduce emissions, and this study
finds that various market mechanisms could lead to targeted outcomes. The story, however, has
nuances. Producers, processors, beef consumers, voting residents, taxpayers, and policymakers
all play a vital role in shaping how the beef industry tackles the emissions reduction conundrum.
Our hope is that the results of this study be used to inform best steps forward to create sensible
action in this space.
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Chapter 2 - U.S. Consumer Appetite for Climate Claims on Beef

Products

Introduction

The world population is growing, incomes are rising, and the demand for meat and
livestock products continues to strengthen (Dangal et al., 2017). To meet this increase in
demand, global beef production has more than doubled since the 1970s (Herrero et al., 2016).
Beef cattle are ruminant livestock, which produce enteric methane emissions that contribute to
total greenhouse gas (GHG) emissions. Estimates suggest 3% of total U.S. GHG emissions result
from enteric methane emissions from cattle (U.S. EPA, 2024), of which roughly 75% are beef
cattle (USDA NASS, 2024b). U.S. beef cattle producers have been receiving pressure to reduce
emissions from beef production as climate change concerns mount. Several emission mitigating
strategies are currently being broadly researched and developed within the scientific community.
Before beef producers widely adopt new climate-focused production strategies, however, there
must be clear economic value signaling they should do so. This economic value could potentially
be generated via consumer demand (e.g., price premiums for “climate-friendly” beef).

Beef products with climate claims have recently been introduced in the retail sector.
Uruguay’s Cradle-to-Gate beef claims carbon neutrality (Dempsey, 2022). The U.S. Department
of Agriculture (USDA) recently approved a verified process for low carbon beef that “must have
life-cycle greenhouse emissions at least 10% lower than industry baseline” (USDA AMS,

2024b). Tyson’s BRAZEN™ Beef claims a 10% GHG emissions reduction compared to
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conventional production methods (Tyson Foods, Inc., 2024).! Given that these new products and
practices, among others, are entering the marketplace, consumer willingness-to-pay (WTP) for
climate claims is a topic of key interest for stakeholders spanning the beef industry.

Previous research has studied WTP for beef with climate or sustainability-related claims
(Ishag et al., 2023; Kilders & Caputo, 2024; Li et al., 2016; Tonsor & Shupp, 2009). These
studies suggest that beef product claims such as Sustainable Production or Lower Carbon
Footprint garner price premiums driven by demand from a subset of U.S. consumers. Yet, no
known studies have explored how consumer WTP varies among different climate claims on beef
products in a single study. This is important as cattle producers make management decisions that
influence a wide suite of beef cuts coming from each animal.

Furthermore, some research indicates U.S. consumers have stated preference for beef
originating in the U.S. (Lim et al., 2013; Umberger et al., 2003), while consumers’ revealed
preferences have shown country-of-origin (COQO) demand impacts are insignificant in the retail
marketplace (Taylor & Tonsor, 2013). It remains unknown if consumers view climate claims
differently if the COO of the beef products differ. That is, for example, is WTP for a climate
claim on beef products different if they originate from the United States versus Uruguay? If so,
beef trade implications may ensue.

The objective of this study is to quantify differences in U.S. consumer willingness-to-pay
for three distinct climate claims on ground beef and ribeye steak products, accounting for COO
impacts. The remainder of this paper is presented as follows. First, the survey mechanism used to

garner data from the U.S. public is described. The random parameters logit (RPL) approach and

! The Environmental Working Group brought a lawsuit against Tyson in September 2024
accusing the company of misleading consumers with its BRAZEN™ beef line (Powell, 2024). At
the time of writing this paper, this lawsuit has not been settled.
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characteristics of the survey sample are then explained. Model results are summarized followed
by a discussion of the calculated WTP measures. Implications for trade and beef production
practices are then explored. Finally, conclusions are drawn and considerations for future work
are outlined.
Materials & Methods
Data Collection

This study uses a discrete choice experiment (DCE) to estimate U.S. consumer WTP
measures for climate claims and country-of-origin labels on beef products. The DCE approach
was used for multiple reasons. First, it is consistent with Lancaster’s theory of utility
maximization (Lancaster, 1966). Second, given that beef products with climate claims are
relatively new to the U.S. retail market and some attribute combinations of interest do not yet
exist, stated preferences elicited by DCE are used as “early indicators” of consumer WTP until
actual purchasing data become more readily available. Finally, the number of product attributes
can be varied more easily using a DCE framework as compared to other contingent valuation and
experimental auction approaches.

This study uses a split-sample design often employed when WTP for multiple product
attributes is in question (Pozo et al., 2012; Tonsor, 2011; Tonsor et al., 2013). Respondents were
randomly assigned to different exogenously designed treatment groups that varied on (1) the
meat product being valued (i.e., ground beef or ribeye steak) and (2) the inclusion of country-of-
origin labeling (i.e., included or not included). That is, respondents fell into one of four survey

design groups as outlined in Table 2.1.
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Table 2.1 Split-sample discrete choice experiment treatment designs

Design A Design B
Product: Ground Beef Product: Ground Beef

Country of Origin: Yes | Country of Origin: No
Design C Design D

Product: Ribeye Steak | Product: Ribeye Steak

Country of Origin: Yes | Country of Origin: No

The products ground beef and ribeye steak were chosen given their importance in the
retail beef space and their widespread use in previous WTP studies (Ishaq et al., 2024; Lusk &
Parker, 2009; Umberger et al., 2009). Ground beef and ribeye steak are consistently two of the
most featured beef products by retailers across the United States (USDA AMS, 2024a); in 2022,
over half of retail beef sales in terms of volume were ground beef (Beef Checkoff, 2024). In
addition, ground beef is typically considered a lower-value beef product, while ribeye steak is
considered a higher-value product. Thus, both were included to determine if consumer WTP for
beef products with climate claims varied based on the value of the product.

Countries-of-origin included in the study were Australia, Canada, the United States, and
Uruguay. These countries were chosen because of their relevance in this space. Australia and
Canada both have more mature carbon markets than the United States that are currently
incentivizing reductions in beef cattle emissions (Australian Government, 2024; Government of
Canada, 2023). Uruguay, as mentioned in the Introduction, is marketing carbon neutral beef
products.? In 2023, Canada ranked 1% (825 million pounds), Australia 3™ (522 million pounds),
and Uruguay 6™ (129 million pounds) in volume of beef and beef products imported by the

United States (USDA FAS, 2024).That said, the United States only imported approximately 13%

2 Uruguay’s Cradle-to-Gate carbon neutral beef products are currently being exported to
European countries (Uruguay XXI, 2023). Evidence of these products being exported to the U.S.
market has not been found.
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of its beef disappearance in 2023 (USDA, 2024), meaning Canada, Australia, and Uruguay beef
imports comprised about 3.0%, 1.9%, and 0.5% of U.S. beef consumption, respectively.

Given the current climate claims on beef product offerings, the claims included in this
DCE were Carbon Neutral, Lower Carbon Footprint, and 10% GHG Emissions Reduction.®
Survey respondents were not given additional information on the practices that could lead to
these claims. This approach was taken to mimic the experience of a consumer shopping for beef
in a retail store where supporting information would likely not be readily available alongside
product claims. This leaves interpretation of the claims up to the survey respondent, which
further motivates the use of the random parameters logit model in analyzing the survey data as
described in the next section.

Empirical data were collected via a nationally representative survey of the U.S.
population. The survey was administered online through Dynata, a survey research company, in
November 2023 to nearly 2,300 U.S. residents. Respondents were presented with a series of
choice questions that mimicked purchasing beef in the retail setting. Each choice set was
comprised of two retail beef products and an “opt-out” option. All options (excluding opt-out)
included one of the following: Carbon Neutral, Lower Carbon Footprint, 10% GHG Emissions
Reduction, or {no claim}. Presented prices per pound of ground beef were $3.99, $4.99, $5.99,
$6.99, or $7.99. Presented prices per pound of ribeye steak were $9.99, $12.49, $14.99, $17.49,

or $19.99.* An example of a choice set presented to respondents assigned to design A is

3 Climate claim Lower Carbon Footprint follows the wording used in Kilders & Caputo (2024).
* Prices were determined based on U.S. national prices released by U.S. Bureau of Labor
Statistics and USDA Agricultural Marketing Service (U.S. BLS, 2023; USDA AMS, 2023).
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displayed in Figure 2.1. Respondents in survey designs A and C were presented with 7 choice
sets; respondents in survey designs B and D were presented with 5 choice sets.®

Figure 2.1 Design A survey choice set example
Option A Option B Option C

Ground Beef Ground Beef If these were the anly
options, | would buy
10% GHG Emissions something else.

Lower Carbon Footprint Reduction

Country of Origin:

&hene Country of Origin:

United States

ST $4.99/1b

If respondents reported that they do none of the grocery shopping for their household,
they were not presented with the DCE and immediately routed to another portion of the survey.
If respondents incorrectly answered a “speed check” question, they were dropped from the
survey sample. Responses remaining for each of the designs are as follows: Design A (n=573),
Design B (n=557), Design C (n=560), and Design D (n=566). Table 2.2 outlines summary
statistics of demographic variables for the full sample and for each of the designs separately. A
greater share of respondents reported never consuming ribeye steak (~29%) as compared to
ground beef (~6%), and ground beef is more frequently consumed than ribeye steak by survey

respondents. This is in line with data from the monthly Meat Demand Monitor survey that finds

® The fractional factorial approach and randomization of attributes within choice sets were
determined using the PROC OPTEX function in SAS 9.4. Three “blocks” of differing choice sets
were created for each survey design (A through D). Respondents were randomly assigned to a
survey design then randomly presented one of the three blocks from the respective survey
design. For example, in Design A there were 21 choice sets. Those 21 choice sets were broken
into 3 blocks with 7 choice sets in each block. A survey respondent assigned to Design A would
have received 1 of the 3 possible blocks. The order in which choice sets within a block were
presented to respondents was also randomized.
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ground beef consistently commands a larger retail market share than ribeye steak (Tonsor,

2024a; Tonsor 2024b).

Table 2.2 Summary statistics for demographic and behavioral variables in the survey

sample
All Design A Design B Design C ~ Design D
Variable (n=2256) (n=573) (n=557) (n=560) (n=566)
Mean
Age (years) 51.27 51.42 50.85 51.64 50.95
(15.65) (15.81) (15.44) (15.66) (15.61)
Children (=1 if children in 0.22 0.24 0.23 0.21 0.20
household, =0 otherwise) (0.42) (0.43) (0.42) (0.41) (0.40)
Education (=1 if at least 4- 0.33 0.35 0.31 0.34 0.32
year degree, =0 otherwise) (0.47) (0.48) (0.46) (0.47) (0.47)
Gender (=1 if female, =0 0.51 0.51 0.51 0.52 0.50
otherwise) (0.50) (0.50) (0.50) (0.50) (0.50)
Census Region
Midwest 0.21 0.20 0.21 0.20 0.23
(0.40) (0.40) (0.40) (0.40) (0.42)
Northeast 0.19 0.18 0.20 0.18 0.20
(0.39) (0.38) (0.40) (0.38) (0.40)
South 0.38 0.39 0.37 0.38 0.36
(0.48) (0.49) (0.48) (0.49) (0.48)
West 0.23 0.23 0.23 0.24 0.22
(0.42) (0.42) (0.42) (0.43) (0.412)
Household Income ($)
<60,000 0.56 0.55 0.59 0.57 0.55
(0.50) (0.50) (0.49) (0.50) (0.50)
60,000-100,000 0.27 0.28 0.24 0.27 0.26
(0.44) (0.45) (0.43) (0.44) (0.44)
>100,000 0.17 0.17 0.17 0.16 0.19
(0.38) (0.37) (0.37) (0.37) (0.39)
Frequency (%)
Ground Beef Consumption
3+ times in past week 25.48 25.67
1-2 times in past week 38.92 41.11
3+ times in past month 12.57 13.46
1-2 times in past month 15.18 15.08
Never 7.85 4.67
Ribeye Steak Consumption
3+ times in past week 5.89 3.89
1-2 times in past week 9.82 10.78
3+ times in past month 5.71 10.42
1-2 times in past month 49.46 45.05

51



Never 29.11 29.86

Note: Standard deviations are in parentheses. For Census Region and Household Income
categories, variables =1 if respondent selected corresponding category “bin”, =0 otherwise.
Given results of t-tests, bold represents mean statistics significantly different (0.05 level) from
the full sample mean.
Empirical Estimation
Survey respondents were presented with a series of discrete choices. Assume a
respondent’s utility function is determined by:
(2.1) Uije = Vije + &,
where U;;, is the utility of option j for respondent i in choice situation t, V;; is the deterministic
component, and ;;; is the stochastic error component. The error component contains
unobservable respondent and product characteristics and measurement error. Respondent i has
the probability of selecting option j in choice situation t according to:
(22) Prob{Vij; + &t = Vige + €iprs VK € Si},
where S; is the choice set faced by survey respondent i. That is S;= {Option A, Option B, Option
C}. If we assume V;j, is linear in parameters, the utility function can be described as:
(2.3)  Vije = BiXijea + BoXijeo + - + BuXijen
where 3, is the n" coefficient to be estimated, and X; jtn IS the n'" product attribute.

Consumer utility (Uj,) for survey designs A and C (i.e., COO included) can be modelled

(24) Ujyp = apPricejyy, + pipNeutralyy, + BapLowCarbon, +
B3pGHGjt, + BapAustraliajy, + Ps,Canadajy, + BepUruguay;s, +

&jtp V j = Option A, Option B, and U, = 6, + €j+,V j = Option C.

® Subscripts denoting survey respondent i are omitted from this point forward in the paper.
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Here, Price;, represents the price of option j in choice situation t for product p (i.e., ground beef
for Design A, ribeye steak for Design C). Neutral;;,, LowCarbon;,, and GHGjq,, represent the
following climate claims, respectively: Carbon Neutral, Lower Carbon Footprint, and 10%
GHG Emissions Reduction. These variables are effects-coded relative to the base of no climate
claim on the product. Australiaj.,, Canadaj,, and Uruguay;., are COO attribute variables
effects-coded relative to the omitted base country of USA.” Parameters a, 8, and & are to be
estimated.

Because respondents assigned survey designs B and D were not presented COO labels as
part of their choice sets, equation (2.4) is modified to reflect the survey respondents’ utility
functions as follows:

(2.5) thp = apPricejy, + Bleeutraljtp +
szLowCarbonjtp + B3pGHGjtp + €1 V j = Option A, Option B,
and thp = Sp + €,V j = Option C,
where term definitions are identical to equation (2.4), and &, 8, and & are parameters to be
estimated.
Once equations (2.4) and (2.5) are estimated, WTP measures for attribute k on product p

can be calculated according to:

X_k,

ap

(2.6) WTPy, = ('Z"”)

X_ and WTPy, = (‘2” "”)

respectively, where X_, and X_,, are vectors of the non-price attributes excluding k.

" Dropping USA follows the strategy used in Tonsor (2011).
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Following past DCE studies (Colella & Ortega, 2017; Grebitus et al., 2013; Tonsor,
2011), multinomial logit (MNL) models and random parameters logit (RPL) models are
estimated to assess consumer WTP for beef product attributes.® These models are estimated
using NLOGIT Version 6. MNL models assume preference homogeneity and the independence
of irrelevant alternatives (I1A) (Hensher & Greene, 2003). RPL models allow for preference
heterogeneity for all non-price attributes. Here, the random parameters follow a normal
distribution. Because the normal distribution exhibits density less than zero, the price parameter
is estimated as non-random. This avoids the possibility of respondents having positive price
parameters, which would be inconsistent with negative price/demand relationships. Non-random
price parameters also ensure estimated WTP measures for the product attributes are normally
distributed (Lusk et al., 2003). RPL models used Halton draws and 1000 replications for the
simulated probabilities. Using likelihood ratio tests, MNL models are rejected in favor of the
RPL models for all survey design specifications. The results included in the remainder of the
paper reflect this final model specification.

Simulation techniques are used to calculate WTP measures, including proportion greater
than a specific premium level and corresponding confidence intervals. The simulation methods
are outlined in Hensher et al. (2006) and employed in Rigby and Burton (2005) and Tonsor et al.
(2009). The simulation accounts for both preference and statistical variability of parameter
estimates and accommodates the entire distribution of WTP. First, 1,000 draws are taken of the
RPL model parameters followed by 1,000 drawings from each parameter vector draw. The first

1,000 draws reflect statistical variability, whereas the second 1,000 draws capture preference

& Omitted for brevity, refer to Revelt and Train (1998) for the full RPL model derivation.
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variability. Using these drawings, 1,000 simulated WTP measures are calculated for each of the
product attributes. See Hensher et al. (2006) page 620 for further information on simulation
procedures.

Information beyond mean WTP estimates could be of value to beef industry participants.
From a market development standpoint, those interested in producing and marketing beef
products with climate claims may be interested in knowing the proportion of the market that
would buy said products at varying price premiums. This information could better inform
decision making as producers and the greater beef industry weigh the costs and potential benefits
of adopting climate-focused practices in U.S. beef production. Using the simulated WTP
measures, 1,000 estimates are calculated for the portion of the population willing to pay
premiums of $0.00, $2.00, $4.00, $6.00, and $8.00 per pound of both ground beef and ribeye
steak for each of the product attributes. From these estimates, the mean is calculated along with
accompanying 95% confidence intervals.®

Finally, it is hypothesized that including COO information will impact WTP for climate
claims on beef products. This hypothesis is rejected if WTP valuations for the climate claims are
equivalent in Designs A and B and in Designs C and D. Because estimated models vary in scale,
parameters cannot be compared across models (Swait & Louviere, 1993). Instead, differences are
evaluated across calculated WTP measures (i.e., parameter ratios). Rejecting this hypothesis
indicates consumer preferences are strictly additive. Failing to reject this hypothesis suggests

COO is inferred by consumers, which introduces omitted variable concerns.

% 95% confidence intervals are found by identifying the 2.5% and 97.5% values in each series of
estimated proportions.
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Results

Table 2.3 summarizes RPL model parameter estimates by survey design. These estimates
give insights on the direction of consumer preferences. For ground beef, the climate claim
Carbon Neutral in Design A is negative and significant, whereas in Design B the parameter
estimates for both Carbon Neutral and 10% GHG Emissions Reduction are negative and
significant.’® For ribeye steak, Lower Carbon Footprint in Design C is positive and significant.
In Design D, 10% GHG Emissions Reduction is negative and significant. For both Design A and
Design C, each of the COO parameters is negative and statistically significant, with the United
States as the omitted COO used for comparison.

Table 2.3 Random parameters logit (RPL) model parameter estimates
Design A Design B Design C Design D

Attribute (Gr. Beef) (Gr. Beef) (Ribeye) (Ribeye)
Constant for Opt-Out -2.37*** -4.64%*** -2.89%** -4.63***
(0.19) (0.19) (0.19) (0.21)
Price -0.64*** -0.67*** -0.27*** -0.32***
(0.03) (0.03) (0.01) (0.01)
Carbon Neutral -0.09* -0.09* 0.03 0.05
(0.05) (0.05) (0.05) (0.06)
Lower Carbon Footprint 0.05 -0.03 0.11** 0.07
(0.05) (0.05) (0.05) (0.06)
10% GHG Reduction -0.03 -0.22%** 0.01 -0.19**
(0.06) (0.07) (0.06) (0.07)
Australia -0.94*** -0.74%**
(0.06) (0.06)
Canada -0.57*** -0.36***
(0.07) (0.06)
Uruguay -1.52%** -1.18***
(0.09) (0.08)
n 4011 2785 3920 2830
LL -3445.1 -2512.0 -3442.9 -2588.2

Note: *, ** and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Standard errors are in parentheses. Number of total observations = (number of survey
respondents x number of choice sets per respondent). All attributes except Constant for Opt-Out

191n this paper, “significant” is synonymous with statistically significant at the 0.05 level unless
stated otherwise.
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and Price vary normally and are effects-coded. The United States is omitted to circumvent
perfect multicollinearity.

Table 2.4 outlines U.S. consumer WTP estimates. The mean WTP estimate for nearly
every beef product attribute is greater for ribeye steak than for ground beef, which is consistent
with survey design where the average presented price of ribeye was $14.99/Ib. and that of ground
beef was $5.99/Ib. In Design A and Design B, consumers exhibit a negative average WTP for all
included climate claims except Lower Carbon Footprint in Design A. At a $0.17/lb. average
WTP for Lower Carbon Footprint, an approximate 2.8% price premium results for this climate
claim on ground beef. However, this estimate is not statistically different from zero. Climate
claim Carbon Neutral fetches average discounts of $0.28/Ib. and $0.27/Ib. on ground beef
products, followed by 10% GHG Emissions Reduction with a $0.63/1b. price discount estimated
in Design B. Recall that these are average estimates, and existing literature suggests that the
market for “climate-friendly” beef is likely niche. As such, on average U.S. consumers are
largely unwilling to pay premiums for the included climate claims on ground beef products.
However, this does not insinuate the market does not exist; later the potential size of markets for
each of the climate claims is discussed once accounting for consumer preference heterogeneity
(i.e., going beyond the “mean”).

Importantly, none of the WTP estimates for climate claims in Design A are statistically
different from one another (0.05 level). The same is true for the climate claims included in
Design B. Thus, although Lower Carbon Footprint appears to be the frontrunner in both designs,
consumers do not prefer this claim to the others in a statistically significant way.

Table 2.4 Willingness-to-pay (WTP) estimates for beef product attributes ($/Ib.)

Design A Design B Design C Design D
Attribute (Gr. Beef) (Gr. Beef) (Ribeye) (Ribeye)
Carbon Neutral -0.28* -0.27* 0.25 0.34

(-0.62,0.03)  (-0.56,0.04)  (-0.56,1.01)  (-0.04, 1.08)
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Lower Carbon Footprint
10% GHG Reduction
Australia

Canada

Uruguay

0.17
(-0.15, 0.50)
-0.10
(-0.49, 0.26)
‘2.94***
(-3.35, -2.59)
‘1.78***
(-2.24, -1.35)
‘4.73***
(-5.34, -4.09)

-0.09
(-0.35, 0.18)
-0.63**
(-0.99, -0.28)

0.79%*
(0.01, 1.52)
0.09
(-0.73, 0.94)

‘5.46***
(-6.30, -4.65)
‘2.68***
(-3.75, -1.77)
‘8.65***

(-10.01, -7.39)

0.44
(-0.24, 1.15)

-1.18%*
(-2.04, -0.29)

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Lower and upper levels of 95% confidence intervals are included in parentheses. The United
States is the base country omitted for COO comparisons.

For ribeye steak (Design C and Design D), each of the climate claims are positive except

for that for 10% GHG Emissions Reduction in Design D at a discount of $1.18/1b. Parallel to

Design A, Lower Carbon Footprint achieves the highest premium of the climate claims. At

$0.79/1b., the Lower Carbon Footprint mean WTP estimate represents, on average, an

approximate 5.3% price premium on ribeye steak products presented in the study. This premium

is slightly higher than that found for ground beef in Design A (2.8%). It may be that consumers

are willing to pay more for climate claims on higher-valued cuts, which poses an interesting

issue to the beef industry, as cattle are produced as a whole animal, not separately as different

cuts. In Design D, Lower Carbon Footprint has the highest WTP estimate of the climate claims

at $0.44/Ib. In both Design C and Design D, estimated mean WTP for Carbon Neutral ribeye

steak follows Lower Carbon Footprint at premiums of $0.25/Ib. and $0.34/Ib., respectively. Akin

to Design A and Design B, the climate claims within Design C and within Design D are not

statistically different from one another (0.05 level). That is, for example, in Design C the WTP

estimate for Carbon Neutral ($0.25/1b.) is not statistically different from that of Lower Carbon

Footprint ($0.79/1b.). Hence, consumers do not exhibit strong preference for one climate claim
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over another, which has implications for producers aiming to secure market premiums for cattle
raised following climate-focused practices.

WTP estimates for COO labels are consistent for both Design A and Design C. In
comparison to the United States, each of the three remaining countries are discounted when
included on beef product packaging. The smallest discount relative to the United States is
Canada at $1.78/1b. for ground beef and $2.68/Ib. for ribeye steak. Australia follows next at a
discount of $2.94/Ib. for ground beef and $5.46/1b. for ribeye steak. Uruguay sustains the greatest
market discount compared to U.S. beef at $4.73/Ib. for ground beef and $8.65/Ib. for ribeye
steak.

Comparing climate claim WTP estimates across designs, the WTP estimates for each of
the climate claims in Design A are not statistically different from the respective climate claim in
Design B. The same holds for Design C and Design D. Thus, the hypothesis that including COO
information impacts WTP for climate claims on ground beef and ribeye steak products is
rejected.

Table 2.5 details the estimated market size for beef product attributes at premium levels
ranging from $0.00/Ib. to $8.00/Ib. A greater share of consumers is indifferent (i.e., willing to
purchase at a $0.00/lb. premium) toward the climate claims versus the COQO labels. At $0.00/Ib.,
58% and 72% of consumers would purchase Lower Carbon Footprint ground beef and ribeye
steak products, respectively. As the premium increases to $2.00/1b., the shares of consumers
willing to purchase Lower Carbon Footprint ground beef and ribeye steak fall to 5% and 21%,
respectively. The trend continues as shares expectedly fall with rising premium levels. From a

market development perspective, the potential market for ribeye steak with climate claims at a
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$4.00/1Ib. premium includes less than one-fifth of U.S. consumers. For ground beef the market at

that premium level is nonexistent.

Shifting focus to COO labels, only 27% and 35% of consumers would be indifferent

toward Canadian versus U.S. ground beef and ribeye steak, respectively. Even smaller shares are

indifferent toward beef products from Australia or Uruguay as compared to those from the

United States. The vast majority of U.S. consumers are unwilling to pay a premium at any level

for Australia, Canada, or Uruguay COO labels. As such, imported beef with climate claims

commanding a large share of U.S. consumer beef demand in the future is unlikely.

Table 2.5 Simulated percentage of consumers willing to pay premium for beef product

attributes

Premium ($/Ib.)

Mean

Ground Beef

95% Conf. Interval

Mean

Ribeye Steak
95% Conf. Interval

Carbon Neutral
$0.00
$2.00
$4.00
$6.00
$8.00

Lower Carbon Footprint

$0.00
$2.00
$4.00
$6.00
$8.00

10% GHG Reduction

$0.00
$2.00
$4.00
$6.00
$8.00
Australia
$0.00
$2.00
$4.00
$6.00
$8.00
Canada
$0.00

44%
10%
1%
0%
0%

58%
5%
0%
0%
0%

49%
17%
3%
0%
0%

8%
1%
0%
0%
0%

27%

(0%, 100%)
(0%, 819%)
(0%, 6%)
(0%, 0%)
(0%, 0%)

(0%, 100%)
(0%, 57%)
(0%, 0%)
(0%, 0%)
(0%, 0%)

(0%, 100%)
(0%, 92%)
(0%, 35%)
(0%, 1%)
(0%, 0%)

(0%, 73%)
(0%, 9%)
(0%, 0%)
(0%, 0%)
(0%, 0%)

(0%, 98%)
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53%
30%
12%
4%
1%

72%
21%
5%
1%
0%

51%

32%
17%
8%
3%

15%
8%
4%
2%
1%

35%

(0%, 100%)
(0%, 99%)
(0%, 87%)
(0%, 42%)
(0%, 8%)

(0%, 100%)
(0%, 98%)
(0%, 62%)
(0%, 10%)
(0%, 0%)

(0%, 100%)
(0%, 99%)
(0%, 95%)
(0%, 75%)
(0%, 35%)

(0%, 90%)
(0%, 68%)
(0%, 38%)
(0%, 14%)
(0%, 3%)

(0%, 100%)



$2.00 9% (0%, 72%) 25% (0%, 98%)
$4.00 2% (0%, 20%) 16% (0%, 91%)
$6.00 0% (0%, 1%) 10% (0%, 78%)
$8.00 0% (0%, 0%) 5% (0%, 54%)
Uruguay
$0.00 16% (0%, 91%) 21% (0%, 95%)
$2.00 7% (0%, 67%) 15% (0%, 89%)
$4.00 3% (0%, 32%) 11% (0%, 80%)
$6.00 1% (0%, 9%) 8% (0%, 66%)
$8.00 0% (0%, 1%) 5% (0%, 50%)

Note: Mean percentage and corresponding confidence interval estimates were obtained from
simulation techniques outlined in Empirical Estimation.

Discussion

Trade Implications

In Table 2.6, WTP estimates for product attribute combinations (i.e., COO and climate
claims) are ranked for both ground beef and ribeye steak. In this table, the base category for
comparison is U.S. beef with no climate claim. For both ground beef and ribeye steak each of the
WTP estimates for product combinations including countries-of-origin other than the U.S. is less
than that for U.S. beef with no climate claim. The remaining rankings are largely dominated by
COO impacts in that the Canadian ground beef products are followed by the Australian products
that are followed by beef products from Uruguay.

The results outlined in Table 2.6, coupled with market share findings in Table 2.5,
provide insights for beef trade. This study suggests U.S.-produced beef, whether with or without
climate claims, reigns supreme. Ground beef and ribeye steak products with climate claims that
originate from outside the United States are discounted to U.S. beef with no climate claim. Thus,
the countries included in this study would likely not be successful marketing beef products with
climate claims to the average U.S. consumer even if sold at a discount to U.S. beef. Further, an
overwhelming majority of beef consumed in the United States is domestically produced, so the

likelihood of another country displacing a large share of demand for U.S.-produced beef is
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unlikely regardless. Canadian ribeye steak, for example, represents only a fraction of the
approximately 3% of U.S. beef consumption being imported from Canada. Findings outlined in
Table 2.5 show that less than half of the U.S. public (35%) is indifferent between U.S. and
Canadian ribeye steak. Thus, the relative impact of Canadian ribeye steak with climate claims on
U.S. beef demand is likely small when considering the broader U.S. beef market. Going forward,
the question of which country or countries fulfill the stated demand of a subset of U.S.
consumers for beef products with climate claims remains unknown, but this study suggests
imported beef with climate claims likely will not have major implications on the demand for

conventionally-produced U.S. beef.
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Table 2.6 Marginal willingness-to-pay (WTP) for beef product attribute combinations ($/Ib.), ranked highest to lowest with no
climate claim U.S. beef as base

Ground Beef

Ribeye Steak

Rank COO Climate Claim WTP Estimate | Rank COO Climate Claim WTP Estimate
1 USA Lower Carbon Footprint 0.17 1 USA Lower Carbon Footprint 0.79**
(-0.15, 0.50) (0.01, 1.52)
2 USA {no claim} 0.00 2 USA Carbon Neutral 0.25
(0.00, 0.00) (-0.56, 1.01)
3 USA 10% GHG Reduction -0.10 3 USA 10% GHG Reduction 0.09
(-0.49, 0.26) (-0.73, 0.94)
4 USA Carbon Neutral -0.28* 4 USA {no claim} 0.00
(-0.62, 0.03) (0.00, 0.00)
5 Canada  Lower Carbon Footprint -1.61*** 5 Canada Lower Carbon Footprint -1.89***
(-2.18, -1.07) (-3.22, -0.77)
6 Canada  {noclaim} -1.78*** 6 Canada Carbon Neutral -2.43*%**
(-2.24, -1.35) (-3.89, -1.20)
7 Canada  10% GHG Reduction -1.88*** 7  Canada 10% GHG Reduction -2.59%**
(-2.54, -1.31) (-3.97, -1.30)
8 Canada  Carbon Neutral -2.06*** 8 Canada {no claim} -2.68***
(-2.68, -1.51) (-3.75, -1.77)
9  Australia Lower Carbon Footprint -2.78*** 9  Australia Lower Carbon Footprint -4.68***
(-3.28, -2.29) (-5.91, -3.55)
10 Australia {no claim} -2.94*** 10  Australia Carbon Neutral -5.21***
(-3.35, -2.59) (-6.52, -4.05)
11  Australia 10% GHG Reduction -3.05%** 11  Australia 10% GHG Reduction -5.38***
(-3.61, -2.51) (-6.70, -4.23)
12 Australia Carbon Neutral -3.22%** 12 Australia {no claim} -5.46***
(-3.81, -2.70) (-6.30, -4.65)
13 Uruguay Lower Carbon Footprint -4 57*** 13 Uruguay Lower Carbon Footprint -7.86***
(-5.27, -3.83) (-9.37, -6.45)
14 Uruguay {no claim} -4 73**F* 14 Uruguay Carbon Neutral -8.39***
(-5.34, -4.09) (-9.99, -6.97)
15 Uruguay 10% GHG Reduction -4.84*** 15  Uruguay 10% GHG Reduction -8.56***
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(-5.58, -4.09) (-10.01, -7.39)
16  Uruguay Carbon Neutral -5.01*** 16  Uruguay {no claim} -8.65***
(-5.72, -4.29) (-10.13, -7.17)

Note: WTP estimates are derived via simulation procedures using RPL model coefficients estimated in NLOGIT for Design A and
Design C.

64



Beef Production Implications

Figure 2.2 graphs the calculated WTP measures for climate claims on both ground beef
and ribeye steak. Distributions for each measure are mapped using estimates derived from
simulation procedures outlined in Empirical Estimation. As stated previously, WTP measures for
climate claims are not statistically different from one another within each of the beef product
categories. That is, for example, the estimates graphed in the top panel of Figure 2.2 are not
statistically different from each other, as evidenced by their highly overlapping distributions. The
same holds for the distributions illustrated in the bottom panel. As shown in the figure, there
exist tighter distributions for the ground beef attribute estimates than those for ribeye steak.
Recall that nearly one-third of survey respondents reported never consuming ribeye steak, and
average WTP measures for climate claims on ribeye steak products are greater in percentage
terms and largely more positive than those for ground beef. Thus, consumer interest in climate
claims on ribeye steak products widely varies. That is, preference heterogeneity likely has a
stronger effect for ribeye steak than ground beef, leading to greater variation (and wider

confidence intervals) in estimated WTP distributions.
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Figure 2.2 Simulated distributions of willingness-to-pay (WTP) measures for climate
claims on beef products accounting for consumer preference heterogeneity ($/1b.)
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on ribeye steak as compared to ground beef. Yet beef producers produce whole beef carcasses,

Figure 2.2 reiterates that mean WTP measures for each of the climate claims are greater
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not solely ground beef or ribeye steak. Accordingly, any changes in production practices that

warrant a climate claim would likely impact the entire carcass, and in turn, the entire suite of

products derived from that carcass. A 1,300 Ib. steer yields about 260 Ibs. ground beef and 34
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Ibs. ribeye steak and ribeye roast (Beef Checkoff, 2020). For simplicity, conservatively assume
these are the only two beef products that garner premiums for climate claims in the marketplace.
The WTP estimates for Lower Carbon Footprint ground beef and ribeye steak are used from
Design A and Design C, respectively. At a $0.17/Ib. premium for Lower Carbon Footprint
ground beef, the average carcass could elicit an additional $44.20 (=$0.17/Ib. x 260 Ibs. ground
beef per carcass). At a $0.79/1b. premium for Lower Carbon Footprint ribeye steak, the average
carcass could draw an additional $26.86 (=3$0.79/Ib. x 34 Ibs. ribeye per carcass). Combined, this
is an extra $71.06 per carcass or roughly $5.47/cwt if considering a 1,300 Ib. live animal. That
said, previous work has shown that hypothetical bias is prevalent in contingent valuation studies
such as this one. The literature suggests the use of a calibration factor, which represents the ratio
of hypothetical WTP to real WTP, of 1.94 (Penn & Hu, 2018). Following this calibration, the
estimated climate claim premium per carcass becomes $2.82/cwt (=$5.47/cwt + 1.94).

Is that premium large enough to cover the cost of implementing practices that would
achieve any of the climate claims included in this study? Ultimately, the answer to that question
is outside the scope of this work, but high-level insights are offered to explain the disparities that
may exist among the various climate claims. For example, Uruguay’s Cradle-to-Gate beef is
carbon neutral “partly thanks to using natural pastures, as well as through engagement in native
forest conservation” (Dempsey, 2022). Although not directly stated, “engagement in native forest
conservation” likely refers to the purchase of carbon credits to offset production emissions. If so,
this climate claim is possible through both carbon insetting and carbon offsetting. The cost of
offsetting varies broadly depending on geographic location, liquidity of carbon market, and
contract specifics. Regarding Lower Carbon Footprint, the USDA Process Verified Program

(PVP) for low carbon beef uses a comprehensive life-cycle assessment tool that determines if
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greenhouse gas emissions from cattle are at least 10% less than the industry baseline. Cattle must
qualify for the program, raising locations must be verified, and management practices must be
approved before producers can participate in the program (USDA AMS, 2024b). This program,
now part of bovine genetics company Select Sires, Inc., focuses on feed, fuel, fertilizer, and
cattle function to achieve emissions reduction targets (Select Sires, Inc., 2023). Tyson’s 10%
GHG reduction in its BRAZEN™ Beef product line is achieved through practices such as
pasture rotation, manure management, and animal welfare audits. Before cattle can be accepted
into the program, emissions of each animal are assessed to ensure they are in line with baseline
emission requirements. Cattle are additionally equipped with electronic identification tags for
tracing and certification purposes, further increasing the cost of achieving this climate claim
(Tyson Foods, Inc., 2024).

These varied approaches to achieving different climate claims come at disparate costs to
producers. Producers who aim to maximize profits need to weigh both the premium associated
with a climate claim and the cost to achieve it. This study seeks to shed light on the premium
side of the equation with the associated costs left to future work.

Conclusion

U.S. beef cattle producers are receiving increasing pressure to reduce the climatic impacts
from beef production as climate change concerns mount. Economic incentives must align to spur
producers to modify practices toward this end. Potentially, U.S. consumer demand for beef
products with climate claims could create the necessary economic incentives. Beef products with
varying climate claims have recently been introduced in the retail sector, stemming from various
countries-of-origin. This study quantifies differences in U.S. consumer stated WTP for distinct

climate claims on ground beef and ribeye steak products, accounting for COO impacts.
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Data from a nationally representative survey of the U.S. public is utilized to estimate
random parameters logit models. Model results are used to calculate WTP estimates for beef
product attributes. WTP estimates for climate claims do not statistically differ within ground beef
and ribeye steak product categories. WTP for a Lower Carbon Footprint claim on ground beef
elicits a $0.17/1b. price premium, whereas the same label garners a $0.79/Ib. price premium on
ribeye steak. This amounts to an approximate 2.8% price premium on ground beef and 5.3%
price premium on ribeye steak, suggesting consumers may be willing to pay a higher premium
for climate claims on higher-value beef products.

Results indicate U.S. consumers favor U.S.-produced beef products with or without
climate claims to beef products with climate claims that could be imported from the other
countries included in this study. That is, imported beef products with climate claims are unlikely
to have major implications on the demand for U.S.-produced beef going forward. Concurrently,
if U.S. beef industry participants pursue market premiums from “climate-friendly” beef
production practices, the premium potential and the change in cost of production are both
important to take into consideration to determine potential impacts on profitability.

This study, of course, possesses limitations. Survey respondents were presented with a
“cheap talk” script in an attempt to lessen the effect of hypothetical bias, but previous research
shows contingent valuation methods often overestimate actual consumer WTP measures (Tonsor
& Shupp, 2011; Whitehead & Cherry, 2007). Until market data are more readily available for
beef products with climate claims, the beef industry must rely on consumer stated, rather than
revealed, preferences. This study conservatively estimates that the average beef carcass could

garner a climate claim premium of $2.82/cwt. However, this figure was established using a
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number of assumptions and generalizations. Accordingly, caution should be taken when using
the estimate in practice.

This study covers only a limited number of beef products, climate claims, and countries-
of-origin. Going forward, expanding the current study in each of these categories could be of
interest to the broader beef industry. Moreover, WTP studies for consumers in other countries
(e.g., major U.S. beef export locations like Canada and Mexico) could be beneficial to better
understand the global demand for beef products with climate claims. Ultimately, multiple market
participants have influence in this space going forward, and this study focuses specifically on the
potential impact of U.S. consumer demand for beef products with climate claims.
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Chapter 3 - U.S. Public Sentiment Toward Policy Action Targeting

Emissions from Beef Production

Under Review
Introduction

The United States is the world’s leading beef producer, contributing over 20% of the
global beef supplies in 2023 (USDA FAS, 2024). Beef cattle are ruminant livestock that produce
methane (CHa) as a natural byproduct of their digestive process via enteric fermentation.
Methane is a greenhouse gas (GHG), and estimates suggest over 2% of total U.S. GHG
emissions can be attributed to enteric fermentation from beef production (U.S. EPA, 2024). In
the wake of climate change concerns, U.S. beef producers have received calls to reduce
emissions from production.

There are currently no widespread economic incentives spurring U.S. beef producers to
change production practices to reduce enteric emissions. Previous studies have shown that the
market for beef products with climate or sustainability claims is niche (Kilders & Caputo, 2024;
Tonsor & Shupp, 2009), meaning consumer demand alone will likely not generate the necessary
market incentives to reduce emissions from beef production on a large scale. As such,
government involvement may be eminent if beef producers are to reduce emissions going
forward.

To date, no major regulations have been enacted by the U.S. government to reduce the
amount of methane emitted by U.S. beef production. However, several other countries have
begun exploring policy options to do so with their domestic cattle herds. For example, Denmark
recently voted to enact a carbon tax on agricultural production, including cattle, starting in 2030

(Wass, 2024). New Zealand similarly proposed taxing cattle emissions directly (Pannett, 2023),
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and Ireland’s Department of Agriculture suggested culling 200,000 of the nation’s cattle to
achieve climate goals (Webber, 2023). Each of these examples represent a “stick’ approach to
emissions reduction (i.e., using negative sanctions to achieve target outcomes). Conversely,
instances also exist of “carrot” approaches (i.e., using incentives to achieve target outcomes)
(Bemelmans-Videc et al., 2011). Canada created a protocol that enables cattle producers to sell
carbon offsets after adopting emissions-reducing strategies (Government of Canada, 2023).
Denmark recently agreed to help producers finance a cattle feed additive that reduces methane
emissions (Carlsson, 2024).

The feed additive subsidized by the Denmark government is 3-Nitrooxypropanol (3-
NOP), which is a synthetic product added to cattle feed rations with the sole purpose of reducing
enteric methane emissions. 3-NOP has recently been approved by the U.S. Food and Drug
Administration (FDA) for use in U.S. dairy production (Elanco, 2024), while use of 3-NOP in
U.S. beef production is still pending FDA approval. 3-NOP is a promising emerging strategy
with methane emission reductions ranging from under 10% to over 70% (Yu et al., 2021). While
this newly developed technology offers a novel approach to reducing emissions from beef
production, it remains unknown the adoption of the additive by U.S. beef producers and the
acceptance of the product by U.S. beef consumers. Alternative strategies to reduce enteric
methane emissions are likewise emerging. Among these are the use of seaweed in cattle diets
(Vijn et al., 2020) and the use of genetic selection to produce low methane emitting cattle
(Goopy, 2019). Reformulating diets to shorten the lifespan of cattle can also result in reduced
methane emissions (Broocks et al., 2016).

Policy proposals addressing climate concerns associated with beef production are

becoming more prevalent, and the scientific community continues to advance research on
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strategies to reduce enteric methane emissions. Yet, the support of the U.S. public for policy
action in this space remains largely unknown. Thus, the research questions addressed by this
study are as follows:

(1) If given the choice, what strategies does the U.S. public prefer U.S. beef producers
use to mitigate enteric methane emissions?

(2) Would the U.S. public support mandating or subsidizing U.S. beef producers to
reduce emissions? If they would vote in favor of a subsidy, what is the potential size
of that subsidy? Does it vary by the strategy being subsidized?

(3) What are possible sociodemographic characteristics of those who support or do not
support policy actions?

Past work has studied U.S. public support and voting intentions for livestock-related
policy issues, including animal welfare (Bovay & Sumner, 2019; Hopkins et al., 2022; Tonsor et
al., 2009) and food safety (Alphonce et al., 2014; Biedny et al., 2020). Specific to climate
considerations, Caputo & Lusk (2020) found GHG impact labeling to be a lesser-desired policy
by U.S. residents as compared to policies like investments in agricultural research and
subsidizing nutritional assistance programs. Building from previous work, this is the first-known
study to explore public viewpoints on policies aiming to reduce beef production emissions. At a
time when the U.S. government and hundreds of private-sector firms have pledged GHG
emissions reductions in the coming years (Global Methane Pledge, 2024; Shanor & Light, 2022),
having a pulse on public sentiment toward this topic is paramount, as reducing cattle emissions
could play a key role in reaching emissions reduction targets.

The remainder of the paper is presented as follows. First, the survey instrument used to

collect responses from the U.S. public is described. Empirical estimation procedures using the
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collected survey data are then outlined followed by a summary of the main findings. Implications
of this work are discussed for the U.S. beef industry as well as considerations for policymakers
as they advance policies in this space going forward. Finally, conclusions are drawn along with
recommendations for future work.
Materials & Methods
Data Collection

An online survey was developed and distributed to a nationally representative sample of
the U.S. public in November 2023.1! The survey was administered through Dynata, a survey
research company. Responses were dropped if respondents incorrectly answered a speed-check
question. The remaining usable responses totaled 2,288.

Each respondent was randomly assigned to either the treatment or the control group. Both
groups were given the following information:
“The U.S. beef industry produces approximately 2% of U.S. greenhouse gas (GHG) emissions
annually via enteric methane emissions. These emissions are naturally produced as a byproduct
of the digestive process of cattle. Several strategies are being researched and developed to
reduce enteric methane emissions.”
The control group was given no further information, whereas the treatment group was
additionally presented with the following:
“Among these is the use of a synthetic feed additive, 3-Nitrooxypropanol (3-NOP), that reduces

methane emissions from feedlot cattle by over 20%. The additive is not yet approved in the U.S.

1 The survey sample represents age, gender, educational attainment, geographic region,
household income, and race-ethnicity distributions of the U.S. population.
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but has been approved in other beef producing countries, including those in the European
Union.”

Previous research has shown voter distaste for some agricultural technologies like genetically
modified (GM) foods (Lusk & Rozan, 2008; Waterfield et al., 2020). As 3-NOP is a forthcoming
agricultural technology, additional information on the product was provided to a subset of
respondents to determine if enhanced messaging impacted respondent sentiment. Recently
proposed legislation also aims to expand research funding for enteric methane emission-reducing
feed additives like 3-NOP (EMIT LESS Act of 2024, 2024a; 2024b). Hence, understanding
public perceptions of 3-NOP is likely of increasing importance to U.S. policymakers.

Both the treatment and the control group were presented with a series of best-worst
questions. Additionally, each survey respondent was randomly assigned to either a series of
mandate or subsidy questions. Each of these survey procedures is outlined in the following
subsections.

Measuring Preferences for Reducing Methane Emissions with Best-Worst
Questions

Past work aiming to determine preferences of survey respondents has implemented
Likert-scale questioning (Loureiro & Umberger, 2003; Meyerding, 2016). This method asks
respondents to rate preferences, for example, on a scale of 1 to 5 where 1 is “weak preference”
and 5 is “strong preference”. Respondents are not forced to make trade-offs often present in
reality. Therefore, each option may be rated as a 5 by respondents, which produces minimal
valuable findings. The drawbacks of Likert-type questions can be circumvented by determining

respondents’ relative preferences using best-worst questions.!?

12 Best-worst questions are also commonly referred to as “maximum difference” questions.
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The best-worst methodology, outlined in Finn and Louviere (1992) as well as Marley and
Louviere (2005), has been widely used in the agricultural economics literature (Caputo & Lusk,
2020; Lusk & Briggeman, 2009; Lusk & Parker, 2009; Ola & Menapace, 2020). It involves
asking respondents to simultaneously select their most and least preferred options from a set of
competing options. This approach forces respondents to make tradeoffs, and the level of
“preference” can be placed on a ratio scale. For example, the results of best-worst questions
provide evidence to support statements like “Strategy A is twice as preferred as Strategy B.”

In this study, seven potential strategies for reducing emissions were assessed, including
(1) clone cattle that emit less methane, (2) feed cattle a natural feed additive, such as red
seaweed, (3) feed cattle a synthetic feed additive, such as 3-Nitrooxypropanol, (4) genetically
select cattle that emit less methane, (5) have cattle spend more time in the feedlot and less time
on pasture, (6) let the U.S. beef industry decide how to reduce emissions, and (7) let the U.S.
Department of Agriculture decide how to reduce emissions. These strategies were chosen given
the state of the scientific literature surrounding reducing enteric emissions when the survey was
designed in 2023.*® Furthermore, focus was given to strategies that could have impact on the
feedlot stage of beef production. This stage, typically spanning the final six months prior to
slaughter, is a period of efficiently adding weight to the animal’s carcass (Drouillard, 2018).
Feed additives, for example, could be more easily adopted by feedlot producers as compared to
producers earlier in the beef supply chain because of the controlled nature of feeding techniques

used in feedlot operations.

13 Unlike the other strategies, cloning has not been widely discussed in this space given the
current impracticalities of implementing this strategy at scale. However, this strategy was
included following the work of Lusk and Parker (2009), as it provides a “base” category for
comparison given the public’s general distaste for the practice.

81



Respondents were presented with seven best-worst questions with four of the seven
strategies in each choice set. In addition to the previously outlined information, respondents were
given the following directions before being presented with the series of seven questions:

“If you were given the choice of how the U.S. beef industry would reduce enteric methane
emissions, please indicate which strategy would be most and least preferable to you in the
following lists.”

An example best-worst question involving four of the seven possible strategies is displayed in
Figure 3.1.

Figure 3.1 Example best-worst question measuring U.S. public preferences for strategies
reducing methane emissions

Most Least
O Let U.S. beef industry decide how to reduce e
emissions
O Genetically select cattle that emit less methane O
@) Feed cattle a natural feed additive, such as red @)
seaweed
o) Let U.S. Department of Agriculture decide how to O
reduce emissions

The series of best-worst questions presented to respondents was designed using a main-
effects fractional factorial approach. First, a full factorial design was created that indicated if
each of the seven strategies was present or absent in a choice set. From this full factorial, seven
choice sets were chosen so that the presence or absence of each strategy was independent of the
presence or absence of each of the other strategies. Each of the seven strategies were included
four times across the seven choice sets. Thus, the maximum number of times a strategy could be

selected as most preferred was four, and likewise, the maximum number of times a strategy
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could be selected as least preferred was also four. The ordering of the four strategies within a
given choice set was randomized.

Respondents answering best-worst questions are essentially selecting the two options that
maximize the difference between strategies on an underlying preference scale. Consider a choice
set has J options. There are J(J — 1) possible best-worst combinations a survey respondent could

choose. Let 4; be the location of strategy j on the underlying preference scale. Let the true
preference for respondent i be I;; = A; + ;;, where &;; represents a random error term. The

probability that a respondent selects strategy j and strategy k as the most and least preferred,
respectively, is the probability that the difference in I;; and Iy is greater than all other J(J - 1) —
1 possibilities in the choice set. Assuming ¢;; is distributed i.i.d. type | extreme value, then this
probability takes the form of the multinomial logit (MNL) equation:

oA

Sey €M)

(3.1) Prob(j is most preferred and k is least preferred) = 57

=1
where the parameters can be estimated using standard maximum likelihood techniques.

The MNL framework assumes that all respondents place the same level of preference on
each strategy, but this may not be reflective of reality. As such, random parameters logit (RPL)
models are estimated to account for respondent heterogeneity (Revelt & Train, 1998). The
preference of respondent i and strategy j can be specified as:

(3.2) Aij = A + oy,
where /Tj and o; represent the mean and standard deviation of A;, respectively. Further, u; is a
normally distributed random term with a mean of zero and a standard deviation of one. It is

assumed that the preference for strategy j is distributed normally with mean /T] and standard

deviation g;. By substituting equation (3.2) into equation (3.1), the RPL model is estimated using

83



simulated maximum likelihood with 500 Halton draws. The random draws are specific to each
respondent and take into account that each respondent answered a series of seven best-worst
questions. Both Revelt and Train (1998) and Train (2003) provide further explanation of RPL
computation techniques.

Results of the RPL model encompass both positive and negative preferences, which
makes direct interpretation of estimated parameters of these models impractical. Therefore, the

share of preference (Y) is calculated for each strategy (j) as:

exp (Z D)
3.3 Y, = ——L—.
(3.3) S st exp ()

The shares, summing to 100%, represent the portion of the population that would be expected to
select each strategy as the most preferable of the given options. If the share of one strategy is
double that of another strategy, then it is found to be twice as preferred.

Measuring Sentiment for Reducing Methane Emissions via a U.S. Beef Production
Mandate

Half the respondents in both the treatment group and the control group were randomly
assigned to a series of questions on mandating U.S. beef producers to reduce emissions. Each of
these “mandate” respondents was randomly assigned to one of the emissions reduction strategies
numbered (1) through (5) detailed in the previous subsection.* Respondents were then asked the
following initial yes/no question:

“Would you vote in favor of mandating the U.S. beef industry to {insert strategy} to

reduce enteric methane emissions?”

14 <L et the U.S. beef industry decide how to reduce emissions” and “Let the U.S. Department of
Agriculture decide how to reduce emissions” were not included in this exercise given their
inability to be mandated.
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If the respondent answered yes to the initial question, they were presented a yes/no
mandate follow-up question:

“Would you still vote in favor of a mandate if it increased the price of beef?”

If the respondent answer no to the initial yes/no question, they were then asked why they
would not vote in favor of the mandate with the ability to select all that apply out of the
following options: (1) I don’t want beef to be more expensive, (2) I don’t think the government
should place mandates on U.S. beef producers, (3) I don’t think cattle should be {insert strategy}
to reduce emissions, and (4) Other.

Results of initial the yes/no question and the conditional follow-up question are analyzed
to determine the sociodemographic characteristics and environmental attitudes of voters who
favor or oppose the mandates proposed by this survey instrument. Given the binary nature of the
dependent variable, a probit model is used to assess results and is specified as follows:

(34) Prob(Y; = 1|X;) = ¢(B'X)),
where Y; is the binary choice variable of respondent i, ¢ is the cumulative distribution function
(CDF), B represents parameters to be estimated, and X; is a vector of independent variables.
Probit model estimates reveal only directional effects, so marginal effects are calculated to
interpret the magnitude of the marginal change in probability associated with each independent
variable. These marginal effects (ME) are calculated as:
(3.5) ME = 9Y;/0X; = ¢(B'X)B;-
Measuring Sentiment for Reducing Methane Emissions via a U.S. Beef Production
Subsidy
The half of respondents not randomly assigned to the “mandate” questions were given a

series of questions on subsidizing U.S. beef producers to reduce emissions. Each of these
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“subsidy” respondents was randomly assigned to one of the emissions reduction strategies
numbered (1) through (5) detailed in the subsection titled “Measuring Preferences for Reducing
Methane Emissions with Best-Worst Questions.” Respondents were asked the following yes/no
question:

“Would you vote in favor of using taxpayer dollars to subsidize the U.S. beef industry to {insert
strategy} to reduce enteric methane emissions?”

Again, given the binary nature of the dependent variable, the results of this question were
analyzed using the probit model methodology outlined in the previous subsection. Similarly, if
respondents answered no to this question, they were then asked why they would not vote in favor
of the subsidy with the ability to select all that apply out of the following options: (1) Taxpayer
dollars would be better spent elsewhere, (2) I don’t think the government should subsidize U.S.
beef producers, (3) I don’t think cattle should be {insert strategy} to reduce emissions, and (4)
Other.

If respondents answered yes to the initial mandate question, they were given a double-
bounded dichotomous choice (DBDC) follow-up question. The DBDC technique was originally
proposed by Hanemann et al. (1991) and has been used in numerous contingent valuation studies
(Kimenju & De Groote, 2008; Tonsor et al., 2013; Traoré et al., 2023). DBDC was chosen
because it is more statistically efficient than the single-bounded alternative (Hanemann et al.,
1991) and less complex for respondents to follow than choice-based conjoint analysis (Lusk &
Hudson, 2004). Following the DBDC methodology, respondents were initially asked:

“Would you still vote in favor of the subsidy if it paid producers $X per head of cattle? Given
current inventories this could result in outlays of over $Y per year or approximately Z% of U.S.

government spending in FY2022.”
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Here, respondents were randomly assigned to one of three potential scenarios for X, Y, and Z.
These scenarios are outlined in Table 3.1.

Table 3.1 Potential scenarios for initial values in double-bounded dichotomous choice
(DBDC) subsidy questions

X Y Z
Scenariol  $28 $700 million  0.011%
Scenario2  $70 $1.75 billion  0.03%
Scenario3  $112  $2.8 billion 0.04%

If respondents answered yes to the initial DBDC question at subsidy level X, they were
asked a follow-up question that doubled the value of X (and subsequently Y and Z as well) while
keeping all other information unchanged. Hence, if the respondent answered yes when X=$28,
they were then asked the same question except now X=$56. Conversely, if respondents answered
no to the initial DBDC question at subsidy level X, they were then asked a follow-up question
that halved the value of X (and subsequently Y and Z as well) while keeping all other information
unchanged. That is X=$28 becomes X=$14.%

Four discrete intervals can be constructed to identify the willingness of respondents to
subsidize producers. If a respondent answered no to the initial DBDC question and its follow-up,
their willingness-to-subsidize falls within the interval [0, 0.5X). If the respondent answers no

then yes, their interval is [0.5X, X). If yes then no, [X, 2X). If yes then yes, [2X, «). These

15 values for X were determined by gauging the potential cost of implementation for some of the
proposed strategies. While the cost of 3-NOP is unknown on the U.S. market, it has been
reported to cost approximately 85€/head/year in the European market (Bodde, 2022). That
equates to about 25¢/head/day in USD. If cattle are in the feedlot stage of production for six
months, it would cost producers about $46/head to feed a steer or heifer for its duration in the
feedlot. Seaweed implementation has been cited costing up to 80¢/head/day (Horton, 2022),
which would cost an estimated $146/head if fed for the duration of time in the feedlot. Proposed
subsidy levels in this study span $14/head to $224/head, encompassing both proposed costs of
implementation discussed here.
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intervals are used as the dependent variable in estimating interval-censored regressions
(Cameron, 1988; Cameron & Quiggin, 1994).

Assume respondent i’s true willingness-to-subsidize (W) is as follows:

(3.6) Wi =Xy + €,

where X; is a vector of explanatory variables associated with respondent i and y represents
parameters to be estimated. The i.i.d. normal error term is €; with the standard deviation of o.
Assume P; 1oy and P; hign are the lowest and highest level of subsidy respondent i is willing to
subsidize as indicated by their two discrete choices to the DBDC questions, S0 P; oy, < W; <
P; nigh- The log-likelihood function (LLF) for the interval-censored regression can then be

expressed by:

(37)  LLF = In|q (DHEZT) @ (Ziow )|

g

where @ is the cumulative standard normal distribution function. In Model 1 the equation is
estimated with only an intercept term, where the intercept is the mean willingness-to-subsidize
across all respondents and all strategies (Cameron & Quiggin, 1994). In Model 2, the impacts of
the randomly assigned emissions reduction strategies are explored by including them as binary
variables equal to one if the respondent received that particular strategy in their questioning and
zero otherwise. In Model 3, sociodemographic and environmental attitude variables are included,
as well.

Summary statistics for the data used in this study are outlined in Table 3.2.
Sociodemographic characteristics of the survey sample are in line with those reported in the U.S.
Census (U.S. Census Bureau, 2023). The majority of the survey sample is registered to vote
(85%), but less than half of respondents indicated the environmental impact of the food he or she

consumes is of importance (47%). Even fewer have heard about strategies to reduce GHG
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emissions from beef production (30%) or believe that beef production is a major contributor to
climate change (25%). However, 42% indicate that GHG emissions are excessive and should be

controlled by the government.
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Table 3.2 Summary statistics for sociodemographic and environmental attitude variables in the survey sample (n=2,288)

Variable Description Min Max Mean
Age Respondent age. (years) 18 90 51.15
Education =1 if 4-year higher education degree or more, =0 otherwise. 0 1 0.33
Income Household income. ($1,000/year) 10 210 63.78
Female =1 if female, =0 otherwise. 0 1 0.50
Children =1 if children under 12 years old in household, =0 otherwise. 0 1 0.22
Married =1 if married, =0 otherwise. 0 1 0.43
Democrat =1 if identifies with the democratic party, =0 otherwise. 0 1 0.36
Republican =1 if identifies with the republican party, =0 otherwise. 0 1 0.30
Farm =1 if has worked on a farm or ranch, =0 otherwise. 0 1 0.15
White =1 if white, =0 otherwise. 0 1 0.72
Black =1 if black, =0 otherwise. 0 1 0.15
Alternative Diet =1 if follows a diet that does not regularly consume meat, 0 1 0.21
fish/seafood, or products derived from animals, =0 otherwise.
Midwest =1 if reside in the Midwest U.S. Census region, =0 otherwise. 0 1 0.21
Northeast =1 if reside in the Northeast U.S. Census region, =0 otherwise. 0 1 0.19
South =1 if reside in the South U.S. Census region, =0 otherwise. 0 1 0.37
West =1 if reside in the West U.S. Census region, =0 otherwise. 0 1 0.23
Environmental Impact =1 if indicate the environmental impact of the food he/she consumes 0 1 0.47
is important to him/her, =0 otherwise.
Government =1 if indicate GHG emissions are excessive and should be controlled 0 1 0.42
by the government, =0 otherwise.
Voter =1 if registered to vote, =0 otherwise. 0 1 0.85
Past Purchaser =1 if have purchased food product in the past due to environmental 0 1 0.32
label, =0 otherwise.
Beef/Climate Change =1 if believe beef production is a major contributor to climate change, 0 1 0.25
=0 otherwise.
Reduction Methods =1 if have heard about methods to reduce GHG emissions from beef 0 1 0.30
production, =0 otherwise.
Reduced Consumption =1 if have reduced the amount of beef he/she consumes due to the 0 1 0.21

environmental impact of beef production, =0 otherwise.
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Results

Results of the RPL model analyzing best-worst questions are summarized in Table 3.3.
Parameter estimates for the treatment and control group were not statistically different from one
another when estimated separately, so results reflect estimates from the combined data. The
highest relative preference for reducing enteric methane emissions from beef production is
feeding cattle a natural feed additive, such as seaweed. Letting the U.S. beef industry decide how
to reduce emissions is the next ranked strategy followed by letting the USDA decide. Having
cattle spend more time in the feedlot and less time on pasture ranks next highest with genetically
selecting cattle that emit less methane following closely behind. Finally, the strategies least
preferred by the U.S. public for reducing emissions from beef production are feeding cattle a
synthetic feed additive, such as 3-NOP, and cloning cattle that emit less methane.

The shares of preferences from the RPL model reveal that feeding seaweed is over ten
times as preferred to feeding 3-NOP to reduce emissions from beef production (41% vs. 4%
preference share). Nearly 40% of the survey respondents indicate their preference for reducing
emissions from beef production is either letting the U.S. beef industry or the USDA decide,
suggesting a large share of the U.S. public prefers providing autonomy to beef producers and
agricultural leaders to make changes in this space going forward.

Table 3.3 Results from best-worst questions on strategies for reducing emissions from beef
production

RPL Preference
Variable Estimates Share
Seaweed 2.88*** 41%
(0.06) (0.01)
U.S. Beef Industry 2.07%** 19%
(0.06) (0.01)
U.S. Dept. of Ag 2.02%** 18%
(0.05) (0.01)
More Time Feedlot 1.35%** 9%
(0.04) (0.01)
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Genetic Selection 1.15%** 7%

(0.03) (0.00)
3-NOP 0.05*** 4%
(0.04) (0.00)
Cloning 0.00 2%
(0.00)
No. respondents 2,288
No. choices 16,016
LL -31,549.1

Note: Numbers in parentheses are standard errors. *, **, and *** denote the 10%, 5%, and 1%
significance level, respectively. Cloning variable dropped in RPL estimation to circumvent
dummy variable trap. The Krinsky and Robb (1986) bootstrapping method was used to
determine statistical significance.

Share of preferences lacks substantial interpretable information about the strategies least
preferred. Thus, the mean preference for each of the strategies is calculated and graphed in
Figure 3.2. Mean preference is determined by first effects-coding responses to the best-worst
questions. That is, each time a strategy is selected as best in a choice set, it is assigned a value of
one. Each time it is selected as worst, it is assigned a value negative one. Finally, if a strategy is
selected as neither best nor worst it receives a value of zero. Averages are then taken for each
strategy to establish its mean preference. Figure 3.2 illustrates that, for example, more time in the
feedlot is a “neutral” strategy, with approximately the same percentage of respondents
considering it a most-preferred strategy as those considering it a least-preferred strategy.
Seaweed, however, is far less balanced, as 40% more consider this strategy most preferred as

compared to least preferred. Conversely, 44% more consider the cloning strategy least preferred

as compared to most preferred.
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Figure 3.2 Mean preference for strategies to reduce emissions from beef production
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Having established relative preferences of the U.S. public for each emissions-reducing
strategy, willingness-to-vote measures by strategy are now explored. Recall respondents were
either faced with a series of mandate or subsidy questions. Table 3.4 summarizes the share of the
survey respondents in each respective group that would vote in favor of the proposed policy.
Inspecting the first mandate column, 57% would vote for a mandate to reduce emissions via a
natural feed additive such as seaweed. The next highest level of agreement (51%) stemmed from
those in the 3-NOP information treatment group. Notably, willingness-to-vote in favor of a
mandate for 3-NOP is much higher for those in the treatment group (51%) versus those who
were presented with the identical emissions-reducing strategy but did not receive the additional
information (29%). The remaining strategies received between 35% and 44% of the vote in favor
of being mandated.

If counting the yes votes that remain after asking respondents if they would still vote in

favor of the mandate if it increased the price of beef, none of the strategies received over half of
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respondent support. Seaweed remains the frontrunner at 42% with the 3-NOP control group the
least favored at 22%. On average, the share of support for each policy declines by approximately
12.5% between the initial question and the follow-up question, suggesting at least a portion of
the U.S. public does not recognize or consider the economic realities likely to result from
mandates until explicitly conveyed.

Regarding subsidies, the largest share of the U.S. public supports seaweed (58%)
followed by the 3-NOP treatment group (51%). Cloning received the smallest share of favor
from the U.S. public (19%), with the remaining strategies spanning 27% to 43%. Comparing the
mandate results after asking the price increase follow-up question to the subsidy results, a larger
share of the U.S. public supports a subsidy as compared to a mandate for all strategies except
cloning.

Table 3.4 Share of survey respondents that would vote yes for proposed policies across
emissions-reducing strategies

Mandate
(After asking price
Mandate increase follow-up
Emissions-Reducing Strategy (Initial question) guestion) Subsidy
3-NOP (Control) 29% 22% 27%
3-NOP (Treatment) 51% 37% 51%
Cloning 35% 28% 19%
Genetic Selection 43% 25% 43%
More Time Feedlot 44% 30% 35%
Seaweed 57% 42% 58%

Attention is now turned to understanding “who” supports either a mandate or subsidy for
reducing emissions from beef production. Table 3.5 details parameter estimates from probit
model estimation and accompanying marginal effects. Many of the marginal effects of the
sociodemographic variables are statistically significant. For example, as the age of respondents
increases by one year, the probability of voting in favor of a mandate or subsidy decreases by

0.01%, meaning younger residents are more likely to vote in favor of these proposed policy
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measures. Democrats are more likely to support both mandates and subsidies, with the subsidy
marginal effect being larger in magnitude. Being a Republican decreases the probability of
voting in favor of the mandate follow-up question by 0.14%. Being white increases the
probability of voting in favor of a subsidy by 0.08%. Following an alternative diet (e.g.,
vegetarian) increases the probability of voting in favor of the initial mandate question by 0.07%.
Conversely, this characteristic decreases the probability of voting in favor of a subsidy by 0.09%,
which suggests those who follow an alternative diet likely desire the emissions reduction
outcome but may not be willing to financially support producers toward that end.

Concerning environmental attitudes, those who indicate that the environmental impact of
food is important are more likely to vote in favor of the initial mandate, follow-up mandate, and
subsidy questions by 0.06%, 0.08%, and 0.13%, respectively. Likewise, indicating GHG
emissions are excessive and should be controlled by the government increases the probability of
voting in favor of the initial mandate question by 0.20% and the subsidy question by 0.13%.
Those who have purchased food products in the past due to environmental labels are more likely
to vote in favor of each of the presented measures. Respondents who have heard of strategies to
reduce GHG emissions from beef production were 0.07% more likely to vote for subsidizing
such strategies, whereas those who have reduced beef consumption due to its environmental
impact were 0.09% more likely to vote in favor of the initial mandate question.

To assess differences among presented strategies, cloning was dropped from the probit
model estimation and is used as the basis for comparison for the remaining strategies. The
seaweed strategy is again most favored by respondents; the probability of voting in favor the
initial mandate question and the subsidy questions increased by 0.32% and 0.40%, respectively,

if respondents were presented with seaweed as the strategy to reduce emissions from beef
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production. 3-NOP with the information treatment has the next largest positive and statistically
significant marginal effects, spanning 0.22 for the initial mandate question to 0.32 for the
subsidy question. Marginal effects for the 3-NOP control group are not statistically significant.
Those for genetic selection and having cattle spend more time in the feedlot are positive and
statistically significant for both the initial mandate question and the subsidy question, albeit
smaller in magnitude than those for seaweed and the 3-NOP treatment group. The marginal
effect for genetic selection for the mandate follow-up question is negative and statistically
significant.

If measures such as the ones explored in this study were to be on a ballot in the future,
results in Table 3.5 shed light on who would likely make up the supporting group. As other
livestock-focused measures have recently been enacted (California Department of Food &
Agriculture, 2024; Massachusetts Office of the Attorney General, 2021), knowing characteristics
of potential “pro” and “anti” residents could be of value to policymakers, beef industry
participants, and others who have interest in this area.

Table 3.5 Probit model results (Dependent variable =1 if respond yes to randomly assigned
mandate or subsidy question, =0 otherwise) and estimated marginal effects

Mandate
(After asking price

Mandate increase follow-up
(Initial question) question) Subsidy
1) ) 3) (4) () (6)
Parameter  Marginal | Parameter Marginal | Parameter Marginal
Variable Estimates Effects Estimates Effects Estimates Effects
Intercept -0.53* 0.40 -0.99***
(0.26) (0.43) (0.28)
Age -0.02***  -0.01*** | -0.01** -0.01** -0.02***  -0.01***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Education -0.18* -0.05* 0.08 0.02 0.03 0.01
(0.09) (0.03) (0.15) (0.04) (0.09) (0.03)
Female -0.06 -0.02 -0.02 0.00 -0.13 -0.04
(0.08) (0.02) (0.13) (0.04) (0.08) (0.03)
Children 0.11 0.04 0.26 0.08 0.08 0.02
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(0.11) (0.03) (0.16) (0.05) (0.11) (0.04)
Married 0.12 0.04 0.04 0.01 0.03 0.01
(0.09) (0.03) (0.14) (0.04) (0.09) (0.03)
Democrat 0.28*** 0.09*** | -0.06 -0.02 0.48*** 0.15%**
(0.10) (0.03) (0.15) (0.05) (0.10) (0.03)
Republican 0.03 0.01 -0.48***  -0.14*** 0.06 0.02
(0.11) (0.03) (0.17) (0.05) (0.11) (0.03)
Farm 0.02 0.01 0.08 0.03 0.06 0.02
(0.12) (0.04) (0.18) (0.05) (0.12) (0.04)
White 0.00 0.00 0.05 0.02 0.25* 0.08*
(0.12) (0.04) (0.19) (0.06) (0.14) (0.04)
Black 0.18 0.06 -0.26 -0.08 -0.07 -0.02
(0.16) (0.05) (0.23) (0.07) (0.17) (0.05)
Alternative Diet 0.21* 0.07* 0.19 0.06 -0.30***  -0.09***
(0.11) (0.03) (0.15) (0.05) (0.11) (0.03)
Northeast -0.03 -0.01 0.11 0.03 -0.04 -0.01
(0.13) (0.04) (0.20) (0.06) (0.14) (0.04)
South 0.07 0.02 0.14 0.04 -0.01 0.00
(0.11) (0.04) (0.17) (0.05) (0.12) (0.04)
West 0.01 0.00 -0.15 -0.05 -0.04 -0.01
(0.13) (0.04) (0.19) (0.06) (0.13) (0.04)
Environmental Impact 0.19* 0.06* 0.26* 0.08* 0.43*** 0.13***
(0.10) (0.03) (0.15) (0.04) (0.09) (0.03)
Government 0.62*** 0.20%** 0.17 0.05 0.42*** 0.13***
(0.09) (0.03) (0.14) (0.04) (0.10) (0.03)
Voter -0.05 -0.02 0.40** 0.12** -0.12 -0.04
(0.12) (0.04) (0.17) (0.05) (0.12) (0.04)
Past Purchaser 0.30*** 0.10%** 0.32** 0.10** 0.30*** 0.09***
(0.10) (0.03) (0.14) (0.04) (0.10) (0.03)
Beef/Climate Change 0.12 0.04 0.11 0.03 0.09 0.03
(0.11) (0.04) (0.16) (0.05) (0.11) (0.03)
Reduction Methods -0.03 -0.01 0.16 0.05 0.22** 0.07**
(0.10) (0.03) (0.16) (0.05) (0.10) (0.03)
Reduced Consumption 0.29** 0.09** 0.12 0.04 0.14 0.04
(0.12) (0.04) (0.17) (0.05) (0.12) (0.04)
3-NOP (Control) 0.01 0.00 -0.13 -0.04 0.31 0.10
(0.19) (0.06) (0.36) (0.11) (0.20) (0.06)
3-NOP (Treatment) 0.71*** 0.22*** | -0.13 -0.04 1.03*** 0.32%**
(0.15) (0.05) (0.26) (0.08) (0.16) (0.05)
Seaweed 0.99*** 0.32*** 0.00 0.00 1.28*** 0.40%**
(0.19) (0.06) (0.31) (0.09) (0.20) (0.06)
Genetic 0.35* 0.11* -0.59* -0.17* 0.84*** 0.26%**
(0.18) (0.06) (0.31) (0.09) (0.20) (0.06)
Feedlot 0.43** 0.14** -0.22 -0.06 0.58*** 0.18***
(0.18) (0.06) (0.31) (0.09) (0.20) (0.06)
n 1142 1142 532 532 1146 1146
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LL -641.0 | 2779 | -624.6
Note: Numbers in parentheses are standard errors. *, **, and *** denote the 10%, 5%, and 1%
significance level, respectively. Cloning variable dropped in probit model estimation to
circumvent dummy variable trap. Income variable was omitted due to high correlation with
education variable.

The DBDC subsidy question followed the initial yes/no subsidy question. Table 3.6
outlines the results of interval censored regressions analyzing DBDC responses. Estimates in
columns (1) through (3) include the entire sample that received the initial yes/no subsidy
question.'® Estimates in columns (4) through (6) estimate models identical to 1 through 3 using
only data from those who answered yes to the initial subsidy question. The latter estimates were
included as it may not be that a subsidy would garner the favor of the general U.S. public as
outlined in Table 3.4. However, a subset of U.S. residents states willingness to allocate funds
toward subsidizing beef producers to reduce emissions. As such, a voluntary subsidy paid by
interested parties may be more plausible.

The model in column (1), estimated with only an intercept, finds that the willingness-to-
subsidize indifference point is $49.52/head. That is, on average, the U.S. public would subsidize
beef producers up to $49.52/head to reduce emissions from beef production. When this survey
was administered in November 2023, the average live weight of cattle commercially slaughtered
was 1390 pounds (USDA NASS, 2023). Assuming cattle dress at an average of 63%, the dressed
weight would be 875.7 Ibs./head. Assuming further that 70% remains after trimming, deboning,

and so forth, approximately 613 Ibs./head would be available for retail sale. At a level of

$49.52/head, this subsidy equates to about 8¢/Ib. of retail beef. This amount is much lower than

16 Those who answered no to the initial subsidy question are included in the estimation of models
summarized in columns (1) through (3) with the associated interval [0, 0].
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the estimated Certified Angus Beef® premium at 40¢/Ib. of retail beef and other existing retail
premiums in the current U.S. marketplace (USDA AMS, 2024).

The estimates in column (2) of Table 3.6 include dummy variables for each of the
strategies (excluding cloning) to determine differences in willingness-to-subsidize among the
strategies. The strategy-specific estimates for all but the 3-NOP control group are positive and
statistically significant, with the largest estimate being that for seaweed. In column (3),
sociodemographic and environmental attitude variables are included in the model. As the age of
the respondent increases by one year, the willingness-to-subsidize producers to reduce emissions
decreases by $0.82/head. Education positively impacts willingness-to-subsidize, as having a 4-
year degree or more increases willingness-to-subsidize by $8.57/head. Females and those who
follow alternative diets exhibit less willingness-to-subsidize such practices, with estimates of -
$11.94/head and -$16.05/head, respectively. Those with children under 12 years of age and
Democrats are both more willing to subsidize beef producers to reduce emissions at $13.08/head
and $18.00/head, respectively. Many of the environmental attitudes of the respondents, such as
those who indicate the environmental impact of their food is important to them and those who
have purchased food products in the past due to environmental labels, are positive and
statistically significant, as well.

When considering only those respondents who answered yes to the initial subsidy
question, the indifference point (intercept) is much higher at $132.97/head. Columns (5) and (6)
reveal, however, that willingness-to-subsidize measures for each of the strategies are not
statistically different from zero. This suggests the group most supportive of subsidies is
indifferent to the strategy employed. Similar to in column (3), the age variable is negative and

significant, and the education variable is positive and significant. Being female negatively
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impacts willingness-to-subsidize, whereas having children and being from the South produces a

positive effect. Of the environmental attitude variables, only indicating GHG emissions are

excessive and should be controlled by the government has a positive and statistically significant

effect at $25.79/head.

Table 3.6 Interval censored regression results

Entire sample that received
subsidy question

Sub-sample that answered yes to
initial subsidy question

Variable (3) (4) (5) (6)
Intercept 20.17*%**  27.91** | 132.97*** 129.07*** 121.02***
(13.76) (5.22) (23.42) (33.67)
Age -0.82*** -0.86**
(0.17) (0.35)
Education 8.57* 24.41**
(4.58) (10.29)
Female -11.94%** -20.87**
(4.27) (9.52)
Children 13.08** 28.45**
(5.90) (12.36)
Married 0.35 -2.67
(4.58) (10.38)
Democrat 18.00*** -7.47
(5.26) (11.52)
Republican 5.32 -0.12
(5.39) (13.24)
Farm 7.80 22.63
(5.95) (13.34)
White 7.76 -7.28
(6.92) (14.85)
Black -0.63 10.75
(8.52) (18.63)
Alternative Diet -16.05*** -17.45
(5.54) (12.40)
Northeast 2.53 18.52
(6.85) (15.37)
South 5.16 23.79*
(5.87) (13.16)
West 0.19 5.79
(6.58) (14.43)
Environmental Impact 20.83*** 18.88
(4.89) (10.54)
Government 23.63*** 25.79**
(4.98) (10.46)
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\oter -7.40 -11.70
(6.39) (14.23)

Past Purchaser 14.84*** 6.91
(5.40) (10.70)

Beef/Climate Change 1.30 -1.04
(5.81) (11.26)

Reduction Methods 13.19%** 10.58
(5.06) (10.35)

Reduced Consumption 9.88 11.51
(6.47) (12.14)

3-NOP (Control) 10.38 6.78 8.99 13.93
(10.29) (9.21) (30.99) (29.34)

3-NOP (Treatment) 37.49***  33.20*** 3.28 15.93
(7.88) (7.05) (24.21) (23.21)

Seaweed 44,05%**  4]1.82*** -1.98 14.13
(10.38) (9.33) (26.99) (25.78)

Genetic 27.73*%**  26.71*** 0.46 10.33
(10.23) (9.16) (28.00) (26.94)

Feedlot 24.20%* 21.11** 19.90 26.70
(10.23) (9.15) (29.12) (27.74)

Scale 77.90 76.71 68.01 99.74 99.55 91.81
(1.93) (1.90) (1.68) (4.53) (4.52) (4.18)
n 1146 1146 1146 499 499 499

LL -4565.50  -4548.77  -4418.64 -809.35 -808.75 -774.91

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Numbers in parentheses are standard errors. Income variable was omitted due to high correlation

with education variable.

Discussion

Exploring Estimated Subsidies for Emissions Reduction Strategies

In Table 3.7 the estimated subsidies by emissions reduction strategy are calculated using

estimates from Table 3.6. In column (1) of Table 3.7, the 3-NOP control estimate and the cloning

estimate are both statistically different from the 3-NOP information treatment estimate and the

seaweed estimate. None of the remaining estimates are statistically different from one another.

The cloning estimate garners the smallest subsidy at $20.17/head, followed by the 3-NOP control

group estimate at $30.55/head. Again, when this survey was administered, the average live

weight of cattle was 1390 pounds (USDA NASS, 2023). Thus, on a per hundredweight (cwt)
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basis, the 3-NOP subsidy amounts to $2.20/cwt, or less than 5¢/1b. of retail beef (following
previously outlined calculation procedures).t” When the information treatment is included, 3-
NOP garners a subsidy of $57.66/head, or about $4.15/cwt. The highest estimated subsidy, that
for seaweed, is $64.22/head. This equates to $4.62/cwt or about 10¢/1b. of retail beef.

Are these subsidy levels large enough to incentivize producer adoption? Ultimately, the
answer lies outside the scope of this study, yet high-level insights are offered to frame the
discussion going forward. First, take for example the seaweed subsidy estimate at $64.22/head,
or $4.62/cwt. Estimates suggest feeding seaweed to cattle could cost 80¢/head/day, or $146/head
($10.50/cwt) if fed for the entirety of the time cattle are in the feedlot.*® Thus, the estimated
subsidy level would not cover the cost of implementing the natural feed additive. Consequently,
producer adoption would be unlikely even if the estimated subsidy were in place.

Turning focus to 3-NOP, the cost of 3-NOP to U.S. producers is unknown. Assuming it is
marketed at 25¢/head/day, the cost of feeding 3-NOP for the entirety of time in the feedlot would
cost an average of $45.63/head, or $3.28/cwt. Thus, the estimated 3-NOP subsidy from the
treatment group ($4.62/cwt) would cover the cost of the product. However, recent work by Luke
and Tonsor (2024) finds that covering the cost of the product is not enough to spur producer
adoption of 3-NOP on average. In fact, producers require a larger incentive if it comes in the
form of a subsidy as compared to a premium from the processor. At a cost of 25¢/head/day, the

average small producer would need a subsidy of at least $5.29/cwt to adopt 3-NOP; the average

17 Per hundredweight (/cwt) measures are included as U.S. producers of fed cattle typically
receive premiums and discounts from beef processors in this manner.

18 Seaweed cost estimates are garnered from Horton (2022). It is assumed that cattle remain in
the feedlot for an average of six months, as noted in Drouillard (2018).
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large producer would need a subsidy of at least $3.38/cwt to adopt 3-NOP.1° Hence, the average
small producer would likely not adopt 3-NOP at this incentive level, whereas the average large
producer likely would. Large producers have more cattle to market, so outlays to large producers
would likely far surpass those to small producers in this scenario. Would the U.S. public offer
the same level of support for subsidizing beef producers to reduce emissions if the majority goes
to large operations? Again, this question is outside the scope of the current study, so it is left to
potential future research in this space.

Table 3.7 Estimated subsidies for emissions-reducing strategies ($/head)

1) )
Sub-sample that
Entire sample that ~ answered yes to

received initial subsidy
Emissions-Reducing Strategy  subsidy question question

3-NOP (Control) $30.55*** $138.06***
(7.40) (20.46)

3-NOP (Treatment) $57.66*** $132.35%**
(3.32) (6.66)

Cloning $20.17*** $129.07***
(7.15) (23.42)

Seaweed $64.22%** $127.09***
(7.53) (13.66)

Genetic $47.90*** $129.53***
(7.32) (15.53)

Feedlot $44.37*** $148.97***
(7.32) (17.52)

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Subsidies calculated using parameters estimated via interval censored regression models outlined
in models (2) and (5) in Table 3.6. Standard error approximations computed via the delta
method.

Given the reluctance of a large fraction of U.S. residents to vote in favor policies

subsidizing beef producers to reduce emissions, it may be unlikely that taxpayer dollars are

19 Small producers are those who sold fewer than 2000 head over the past year. Large producers
sold 2000 head or more over the past year.
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allocated to do so going forward. Rather, a voluntary subsidy program, connecting those
interested in subsidizing producers to producers willing to implement climate-focused practices,
may be more realistic. Column (2) of Table 3.7 includes only those who answered yes to the
initial yes/no subsidy question (44% of respondents). None of the estimates in column (2) of
Table 3.7 are statistically different from one another. Thus, it is conservatively assumed that
those who are initially willing to subsidize beef producers to reduce emissions would fund a
$127.09/head, or $9.14/cwt, subsidy on average, given this is the smallest of the estimates.
According to results in Table 3.4, willingness-to-subsidize ranges from 19% to 58% depending
on the proposed strategy. Thus, the potential size of the “pool” of residents willing to provide
funds for emissions reduction from beef production varies widely. With that in mind, the
$9.14/cwt subsidy still would not cover the calculated cost of seaweed ($10.50/cwt) as discussed
previously. A $9.14/cwt subsidy would cover the cost of 3-NOP following the previously
outlined assumptions, but recall that only a fraction of the U.S. public would support the
measure.

Further, the stated rather than revealed nature of this study lends itself to hypothetical
bias. Those who are enthusiastic about curbing the impacts of climate change may overstate their
willingness to fund programs with aims to reduce emissions more than those who are less
zealous. Accordingly, estimates should be used with caution. Until a voluntary subsidy program
such as the one proposed in this paper is enacted, researchers must use stated choice methods to
determine potential impacts of such activities. In practice, subsidy levels may be substantially
smaller. In fact, past work has shown survey respondents typically overstate willingness-to-pay

measures by a factor of almost two (Penn & Hu, 2018). If that is the case, the feasibility of a
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voluntary subsidy program to incentivize beef producers to reduce emissions further degrades
beyond the questionable viability estimates here.
What Can Be Learned from No Votes?

A subset of survey respondents answered no to the initial yes/no mandate question or the
initial yes/no subsidy question. They were then presented with a question asking why they voted
no. Figure 3.3 summarizes respondent answers.

For all but seaweed, those respondents answering no to the initial yes/no mandate
question most frequently indicated that they disliked the proposed strategy. For those presented
with the seaweed mandate scenario, the most frequently selected response was that the
government should not mandate producers. For those responding no to the initial yes/no subsidy
question, those presented with the strategies 3-NOP, 3-NOP (with information treatment), and
cloning most frequently indicated they disliked the proposed strategy. For the strategies genetic
selection, more time in the feedlot, and seaweed, respondents were most likely to indicate that
taxpayer dollars could be better spent elsewhere. For the seaweed subsidy scenario, the second
most selected reasoning for answering no was that the government should not subsidize
producers, whereas taxpayer dollars could be better spent elsewhere was the second most
selected for the genetic selection and increased time in the feedlot strategies. On average,
respondents were more likely to indicate that they felt the government should not mandate
producers as compared to subsidize producers.

For each strategy the share of respondents indicating that taxpayer dollars could be better
spent than on subsidizing beef producers to reduce emissions is greater than the share indicating
they did not want beef to be more expensive because of a mandate. The literature has shown that

oftentimes vote-buy gaps exist concerning societal issues (Lusk & McCluskey, 2018; Norwood
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et al., 2019). That is, respondents are willing to indicate support for measures to be put into place
for various outcomes but are ultimately less willing to pay for such measures via higher retail
prices. Here, the majority of respondents who initially indicated they did not support a mandate
did not do so because of the increased costs they may experience as a result. Hence, results
confirm that there may be a disconnect between public sentiment toward policies and the

associate costs that may ensue.

106



Figure 3.3 Reason for not voting in favor of mandates or subsidies to reduce emissions from beef production

Share (%)

Share (%)

100
1

80
I

60

40

20
|

100
]

80
1

60
1

40

20

Note:

MANDATE

More Time Feedlot

50%

9%

More Time Feedlot

3-NOP 3._N°P Cloning Genetic Selection
o (Information Treatment) = & =
27 Che =i e 7
o _| o _| o _ (=
@ @ @ @
69%
64% 64%
o | o | o | 58% o |
&z @ & @ g © s ©
< < < <
o o e o
© 420& © © ©
= K= c - 0,
® 2 A 3% © Q4 ® g 4 36% 5 o gy 3%
31% 31%
27% 27%
= & 19% 5 =
(S N T (S0 N T
9% 7%
5% 3%
(=] o - o 4 o
m Do not want beef to be more expensive
Government should not mandate producers
m Dislike the proposed strategy
Other
3-NOP ; i i
3-NOP . Cloning Genetic Selection
o (Information Treatment) = - —
27 27 27 27
Q | o | Qo _| o
@ @ @ @
62% 62%
o _| o | o _| o
s I} 54% s I} 9 ) 52% S ) 55%
@ 49% @ ° °
s g 41% g 42% s
37% w o w o | w o » o
< 32% < < 33% <
25%
3 21% 23%
o o o (=
N N ~N ~N
0
2% 6% 4% 5%
o o - o - o

m  Taxpayer dollars better spent elsewhere
Government should not subsidize producers
m Dislike the proposed strategy
Other

Respondents could select more than one option, so shares do not sum to 100%.

107

36%

7%

Share (%)

Share (%)

100

80

60

40

20

100

80

60

40

20

31%

| 53%

Seaweed

52%

25% 539,

Seaweed

34%

13%

15%



Conclusion

The U.S. beef industry is facing pressure to reduce emissions in the wake of climate
change concerns. Several strategies to do so are currently being researched by the scientific
community. Simultaneously, many countries are proposing new policy measures with the aim of
curbing emissions from cattle. This study explores U.S. public preferences for strategies to
reduce emission from beef production and the willingness of U.S. residents to vote for policy
measures that mandate or subsidize beef producers to implement strategies to reduce emissions.

If given the choice, the U.S. public prefers beef producers reduce emissions via a natural
feed additive, such as seaweed. The next most highly preferred strategies include letting the U.S.
beef industry decide and letting the USDA decide, indicating the U.S. public desires some level
of autonomy for decision-makers. The U.S. public is more likely to vote in favor of subsidies
versus mandates if they recognize mandates could raise the price of beef. Several
sociodemographic and environmental attitude characteristics impact willingness-to-vote in favor
of policies with aims to reduce emissions from beef production. Notably, those who follow
alternative diets (e.g. vegetarians, vegans, etc.) are more likely to vote in favor of mandating beef
producers but against subsidizing beef producers. The U.S. public would fund a producer subsidy
of $49.52/head, on average, to reduce emissions from beef production. That amount varies by
strategy with seaweed garnering the highest subsidy. Rough feasibility calculations indicate the
estimated potential subsidies for seaweed use in practice would not cover the cost of the product.
Thus, the adoption of seaweed by U.S. beef producers via a publicly-funded subsidy remains
unlikely.

Going forward, the results of this study can be used to guide policy actions in this space.

On average, the majority of the U.S. public does not support policy measures that would mandate
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or subsidize beef producers to implement strategies that would reduce production emissions, but
that finding does vary by strategy. It may be that connecting those who are most enthusiastic
about reducing emissions from beef production to producers who are willing to change practices
is a plausible market outcome. The U.S. public’s general indifference or disapproval for
mandating or subsidizing producers to reduce emissions, as found in this study, suggests
sweeping policy measures in this space would not be widely popular. Rather, smaller, more
focused voluntary action may yield more effective results.

This study possesses limitations. The hypothetical nature of stated choice experiments
cannot be overlooked. While measures like potential subsidies are estimated, caution should be
taken when using these estimates in practice. Until policy measures are enacted in this space,
studies such as this one provide only a hypothetical view of possible outcomes. Nevertheless,
this is the first-known study to explore public viewpoints on policies aiming to reduce beef
production emissions. As such, the findings provide novel information on a dynamic and
contentious topic to aid influential parties in decision-making efforts.

This study offers a foundation for future research. Potential policy measures in this space
are innumerable, so exploring other policy structures could be of value. Additionally, this
research focuses specifically on strategies to reduce emissions in the feedlot sector of the beef
supply chain, but many other strategies exist beyond the feedlot. Understanding public outlook
on other potential strategies could also be of use. Ultimately, this study sheds light on public
sentiment toward reducing emissions from beef production with hopes of providing value to

policymakers, beef industry participants, and the scientific community as a whole.
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Appendix A - U.S. Feedlot Producer Survey

The following is a survey designed to obtain important information from U.S. feedlot operators.
The survey is focused on assessing the potential adoption of methane emission mitigating
strategies in U.S. beef production and should take approximately 10 minutes to complete.

We want to emphasize that your participation in this survey is entirely voluntary and highly
encouraged. The risks associated with this study are minimal and not greater than those
ordinarily encountered in daily life. Moreover, you may stop the survey at any time.

The researchers will not have access to your name. The data will be stored in the principal
investigator's office with no intention of destroying the data. There is no intention to distribute
the information collected as part of this research for use in future research studies. Typical
demographic questions are included to ensure our sample is representative of the U.S. feedlot
industry and will remain strictly confidential.

If you wish to provide comments, please use the space at the end of the survey. If you have any
questions or comments regarding this survey, please feel free to contact Jaime Luke by email
(jrluke@ksu.edu) or Dr. Glynn Tonsor by email (gtonsor@ksu.edu) or by phone (785-532-1518).
If you have questions about your rights as a research volunteer, you may contact Lisa Rubin, IRB
Chair, or Brad Woods, Associate Vice President for Research Compliance, 785-532-3224.

By continuing with the survey, you consent that you freely and voluntarily agree to participate in
this study and acknowledge that you are at least 18 years of age.

1. Please describe your cattle operation by indicating the percentage of your operation
devoted to each segment of the beef cattle industry. (Must sum to 100%)

Seed Stock (1)
Cow-calf (2)
Backgrounding/Stocker (3)
Feedlot (4)

Other (please specify): (5)
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2. Please indicate your level of agreement with the following statements.
1) ) ©)

Agree  Disagree  Unsure

| have heard or read about potential strategies to

reduce methane emissions from beef production. ° ° °
My operation has already looked into or taken steps

to reduce methane emissions. ? ° °
In the future, my operation will likely be required to . S .

take steps to reduce methane emissions.

Research studies have found people inaccurately report their true actions when faced with
hypothetical situations, such as this survey. It is important that you make your selection as if you
were actually facing these choices in the operation of your feed yard.

Beef cattle produce enteric methane emissions that contribute to total greenhouse gas (GHG)
emissions. Several strategies are being researched and developed to reduce enteric methane
emissions from cattle. Among these is the use of a synthetic feed additive, 3-Nitrooxypropanol
(3-NOP), that reduces methane emissions from feedlot cattle by over 20%. Studies have shown
no significant production impacts (positive or negative) when cattle are fed the additive. The
additive is not yet approved in the U.S. but has been approved in other beef producing countries,
including Australia, Brazil, and the European Union.

Assume in the near future the feed additive is approved in the U.S. and would be fed daily for the
entirety of the time cattle are in the feedlot with no withdrawal period before slaughter.
Additionally assume the cost of including the additive in feed rations is X¢/head/day.

Treatment 1: No Net Calculations

3. Would you include the additive in your feed ration if you received a $Y/cwt {Incentive}
on fed cattle you sold?

o Yes (1)
o No (2)

If you selected yes, answer question (4). If you selected no, answer question (5).

4. Would you still include the additive in your feed ration if you received a $0.5Y/cwt
{Incentive} on fed cattle you sold?

o Yes (1)
o No(2)
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. Would you include the additive in your feed ration if you received a $2Y/cwt {Incentive}
on fed cattle you sold?

o Yes (1)
o No(2)

If you selected no, answer question (6).

. You indicated you would not include the feed additive in your feed ration with an
incentive of $Y/cwt or $2Y/cwt on fed cattle you sold. Why? (Select all that apply)

O It is not financially viable to do so. (1)

O I am not interested in taking action to reduce emissions. (2)
O I am not interested in receiving a {Incentive}. (3)

O I am not interested in using a feed additive. (4)

O Other (please specify): (5)

Treatment 2: Net Calculations

. Would you include the additive in your feed ration if you received a $Y/cwt {Incentive}
on fed cattle you sold? If sold after 175 days on feed at a live weight of 1400 Ibs. and
assuming no animal performance impact, this would net $Z/head of profit.

o Yes (1)
o No (2)

If you selected yes, answer question (4). If you selected no, answer question (5).
. Would you still include the additive in your feed ration if you received a $0.5Y/cwt
{Incentive} on fed cattle you sold? If sold after 175 days on feed at a live weight of 1400

Ibs. and assuming no animal performance impact, this would net $**/head of profit.

O Yes (1)
o No (2)

. Would you include the additive in your feed ration if you received a $2Y/cwt {Incentive}
on fed cattle you sold? If sold after 175 days on feed at a live weight of 1400 Ibs. and
assuming no animal performance impact, this would net $**/head of profit.

o Yes (1)
o No(2)

If you selected no, answer question (6).

. You indicated you would not include the feed additive in your feed ration with an
incentive of $Y/cwt or $2Y/cwt on fed cattle you sold. Why?
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o It is not financially viable to do so. (1)

o I am not interested in taking action to reduce emissions. (2)
o I am not interested in receiving a {Incentive}. (3)

o I am not interested in using a feed additive. (4)

o Other (please specify): (5)

RANDOMIZATION KEY

X levels: 10¢, 25¢, 40¢
Y levels: $2/cwt, $5/cwt, $8/cwt

Z levels: varies depending on randomly presented values of X and Y

Incentives: premium from the processor, subsidy from the government

7. What percentage of domestic consumers of U.S. beef do you think would be willing to
pay a premium for beef produced and marketed with an environmental claim? (Examples:
"Low carbon”, "Reduced GHG Emissions", etc.)

Less than 25% (1)
25% to 50% (2)
50% to 75% (3)
More than 75% (4)

o O O O

8. What percentage of international consumers of U.S. beef do you think would be willing
to pay a premium for beef produced and marketed with an environmental claim?
(Examples: "Low carbon", "Reduced GHG Emissions", etc.)

Less than 25% (1)
25% to 50% (2)
50% to 75% (3)
More than 75% (4)

o O O O

9. What percentage of U.S. voters do you think would vote in favor of policy measures that
would require U.S. beef producers to reduce methane emissions?

Less than 25% (1)
25% to 50% (2)
50% to 75% (3)
More than 75% (4)

o 0O O O
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10. How much of a price premium do you believe the typical American would pay for beef
carrying an environmental claim? (Examples: “Low carbon”, “Reduced GHG emissions”,
etc.)

1.

12.

13.

14.

15.

(@]

©)
©)
@)
@)

The typical American will not pay a price premium (1)
Less than a 25% price premium (2)

A 25% to 50% price premium (3)

A 50% to 75% price premium (4)

More than a 75% price premium (5)

For the feeding operation, I am the:

©)
@)
@)
©)

Manager (1)

Owner (2)

Owner and manager (3)
Other (please specify): (4)

The best description of my educational background is:

0O 0 O 0O O O

What is your current age?

Did not obtain high school diploma (1)

High school graduate/GED (2)

Some college (3)

Technical training (Certification or Associate’s Degree) (4)

Bachelor's degree (B.S. or B.A.) (5)

Graduate or professional degree (M.S., Ph.D., D.V.M., Law School) (6)

What was the average days on feed for feeder cattle placed on your operation over the
past 12 months?

0 0O 0O 0 0O 0 O

Less than 150 days (1)
150 to 159 days (2)
160 to 169 days (3)
170 to 179 days (4)
180 to 189 days (5)
190 to 199 days (6)
200 days or more (7)

What was the average daily gain for feeder cattle placed on your operation over the past
12 months?

@)
@)
©)

Less than 1.50 Ibs. (1)
1.50 to 1.99 1bs. (2)
2.00 to 2.49 1bs. (3)
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16.

17.

18.

19.

20.

o 2.50t02.99 Ibs. (4)

o 3.00 to 3.49 Ibs. (5)

o 3.50t03.99 Ibs. (6)

o 4.00 Ibs. or more (7)

What was the average cost of gain for feeder cattle placed on your operation over the
past 12 months?

Less than $110/cwt (1)
$110 to $119.99/cwt (2)
$120 to $129.99/cwt (3)
$130 to $139.99/cwt (4)
$140 to $149.99/cwt (5)
$150 to $159.99/cwt (6)
$160/cwt or more (7)

O O 0O 0O 0O O O

How do you think the June 2024 live cattle futures contract will settle (at expiration in
June)?

o Settle price will be lower than today's trading price by $5/cwt or more (1)
o Settle price will be lower than today's trading price by less than $5/cwt (2)
o Settle price will be the same as today's trading price (3)

o Settle price will be higher than today's trading price by $5/cwt or more (4)
o Settle price will be higher than today's trading price by less than $5/cwt (5)

In what state does your operation primarily feed cattle?

How many fed cattle were sold on your operation in the last 12 months?

Less than 1,000 head (1)
1,000 to 1,999 head (2)
2,000 to 3,999 head (3)
4,000 to 7,999 head (4)
8,000 to 15,999 head (5)
16,000 to 23,999 head (6)
24,000 to 31,999 head (7)
32,000 to 49,999 head (8)
50,000 head or more (9)

0O 0O O o0 O O O O O

What is the one-time capacity of your feedlot?

o Less than 1,000 head (1)
o 1,000 to 1,999 head (2)
o 2,000 to 3,999 head (3)
o 4,000 to 7,999 head (4)
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o 8,000 to 15,999 head (5)
o 16,000 to 23,999 head (6)
o 24,000 to 31,999 head (7)
o 32,000 to 49,999 head (8)
o 50,000 head or more (9)

21. In the past 12 months, what percentage of finished cattle did your operation market using
each of the following methods? (Must sum to 100%)

Formula (1)

Forward Contract (2)
Negotiated Cash (3)
Negotiated Grid (4)

Other (please specify): (5)

22. How easy were the survey questions to understand?

o Easy (1)
o Neither easy nor difficult (2)
o Difficult (3)

23. Thank you for your participation! Please leave any additional comments here:
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