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Executive Summary

Beef livestock ranching is an importantagricultural activity rooted in the history of the
American West. There is a logicto beef ranching in thisregion, as pastures are
tremendous in size and the soil, terrain, and arid climate are not favorable to other types
of agricultural production.

Despite the long history and culture surrounding cattle and ranching in the West, recent
times have left many cattle ranchers feeling under attack as media attention has
highlighted potential environmental impacts of cows and health concerns around red
meat. As these generalizations influence consumer perceptions around beef
consumption, there is a need to employ a more robust understanding of beef livestock
production as a complex socio-ecological system. While mainstream conversations
around beef bring to lightimportant concerns, they also leave much unexamined.

To address this, ASU and CSU collaborated on a pilot study conducted with twelve
ranch partners, six in Arizona and six in Colorado. Using the True Cost Accounting
(TCA) approach we implement a more holistic assessmentthat avoids broad
generalizations of ranching as either good or bad. We focus our work at the intersection
of human, cattle, and rangeland; namely, the cow-calf supply chain, which is the primary
stage of beef livestock production thatrelies on western rangeland. Itis here where
cattle are bred and raised on pasture until they are weaned and transferred to feedlots,
stocker programs, or kept on pasture and marketed directly by the ranch. In the
American West, maintaining the cow-calf system is the primary driver of ranching.

We employ mixed qualitative and quantitative methods. These included case studies
with ranchers, involving a survey as well as in-depth discussions with them; two
regression models based on secondary county-level data, soil testing, a Life Cycle
Assessment (LCA), and a geospatial assessment of biomass productivity and its
variation. The differentqualitative and quantitative methodologies employed builton and
complemented each other providing a more complete and robust perspective on the
cow-calf production systems.

Placing value on human, social, produced, and natural capitals we refine TCA for beef
livestock. We contextualize beef livestock in the Western Mountain? region, finding
evidence of the non-market stocks of wealth involved in cattle production—including key
human and social elements. This report’s ranch-level case studies further explain
dependencies and outcomes thatgo beyond economic or environmental concerns,

LIn our literature review, we review the capitals in the context of the West, but our statistical models
analyze the Western Mountain region in which Arizona and Colorado sit.



finding thatthe ranches we study play important roles in the culture of the West through
social networks of rural communities, and the preservation of open space. We find
negative externalities of greenhouse gas (GHG) emissions and water to be -$57.77 /kg
Carcass Weight (CW)? with positive ecosystem externalities valued between $6.88 /kg
CW to $52.23 /kg CW, depending on the carbon sequestered. Our findings suggest that
livestock grazing on most rangelands is secondary to climate (temperature and
precipitation) in influencing range productivity and health.

Together, we find the true cost of ranching to be between -$2.29 /kg CW to -$47.64 /kg
CW depending on the rate of soil carbon sequestration .2 It is important to note these
numbers are estimates, representing key benefits and costs in cattle production. There
is debate as to whether negative externalities can be subtracted from positive
externalities to reach a netbenefitor cost. Some feel that externalities are often not
substitutive i.e., benefits of ecosystem services cannot substitute, or offset carbon
emissions. We feel itis important to combine positive and negative externalities into a
single output as a technique for visibility and applicability, especially if TCA aims to
replace Cost-Benefit Analysis. Forthis report, we have combined our findings, but
highlightthe need for further discussion. Further, the true cost indicated by this analysis
does not extend to the final finishing, slaughter, processing, and rendering of beef. This
is an extension of this project we hope to pursue.

Additionally, the findings in this report have allowed us insightinto how different
government policies support western ranching and rangeland conservation. Firstamong
these insightsis the realization that a wide range of research—including this report—
depends on quality data from resources provided through differentbranches of the
USDA. Secondly, we have observed the importance of generational knowledge on
ranches and the increasing challenges ranchers encounter in transitioning ownership
and knowledge from one generation to the next. These challenges require additional
investmentin the local and regional economies around rangeland, which can aid in
building the nextgeneration of ranchers and increasing the diversity of ownership.
Lastly, we observed the need for greater collaboration among different stakeholders to
work towards conservation of these lands and the different ecosystems they support.
Part of this need for collaboration is to holistically understand how ranching on the
rangelands can embrace climate smart practices to manage methane emissions, butto

2 Carcass Weight (CW) is the dressed weight of cattle measured per pound or kilogram.

3 Conversion to /lb CW: Negative externalities valued at -$127.36/Ib CW, positive externalities valued
between $15.17-115.14 /lb CW, total cost range of -$5.06 /Ib CW to -$105.03 /Ib CW. The value of the
positive externalities exhibited great variation because we use a range for the rate of soil carbon
sequestration associated with grazing of between 0.05 and 3.0 Metric ton/ha/year (Sanderson et al.,
2020).



also understand how to preserve these ecosystems in the face of increasing drought
and wildfire pressure.

The results of these qualitative and quantitative analyses highlighthow there are
multiple factors impacting the cattle industry—many of which are notconstrained to
economic boundaries. We show thatfurther research is required to understand
ecological, societal, and economic benefits and costs of cattle. Further we signify the
needto explore at a larger scale how ranchers employ adaptive management strategies
in the face of climate change. By partnering with ranchers to better understand their
experiences, we believe that we will be positioned to have the transparent,
transdisciplinary assessments needed to develop successful strategies that support
sustainable livestock production. With a larger project in mind for future research, we
present this study as the beginning of an exciting pursuitto unveil the hidden capitals of
beef livestock production.



Introduction

Livestock is the primary agricultural activity in rangeland ecosystems, areas that are not
readily suitable for other types of agricultural production. Cattle production can offera
market-based ecosystem service derived from rangelands and of benefitto humans.
While many people and organizations push for the world to consume more plant-based
and vegetarian diets, including our own universities and students, it is important to
recognize that cattle production often utilizes land unsustainable for crop production and
is a historical and global land-use practice.

To conceptualize the importance of both rangeland and cattle, consider that rangeland
covers 403.9 million acres in the US, accounting for 21% of the US surface area (USDA
NRCS, 2020). These expansive rangelands allow the US to produce an enormous
number of cattle and secure beef’s place as an important componentof US food
systems, a key source of protein and other nutrients, as well as a food with important
cultural meaning and social status. In simple monetary terms, in 2020 the beef cattle
industry produced the retail equivalentof $123.3 billion in beefin the US (USDA ERS,
2022a). Butbeyond these numbers, we can illustrate the unique popularity of beef in the
US when we see that the US has the second highestannual consumption per capita of
beef in the world, 26.32 kg in 2020 and only surpassed by Argentina (OECD, 2022).
Cattle production and consumption of beef are likely to remain prominentin US food
systems for the foreseeable future.

While cattle production in the Western US has a long history since its introduction in the
Southwest by the Spaniards in the 16th century, it is also crucial to look at how
Indigenous people originally used these rangelands (Sluyter, 2016). It is estimated that
tribes currently manage 46 million acres of rangeland in the United States, primarily in
Western states and Alaska (BLM, 2016; Rangelands Gateway, 2022). Early historical
texts written for white audiences often described the land of the American continentas
“‘untouched” and “pristine,” erasing the existence of Indigenous people and their
relationship working together with the land (Black Elk, 2016; Diekmann etal., 2007).
More recent publications, by both Indigenous and non-Indigenous scholars, have looked
to correct our understanding of this relationship. For example, pre-colonial burn paths
were often ascribed to lightning strikes, as colonists did not think Indigenous people
utilized controlled burns on theirrangelands. Williams (2003), writing for the USDA
Forest Service, noted that colonists did not recognize the unusual nature and shape of
these burn paths, as colonists burned wide swaths of land to create “uniformity in
ecosystems,” while Indigenous people “lived to create a diversity of habitats.” To this
end, Indigenous people purposefully burned very specific sections of rangeland to
achieve differentends. These include creating fresh grazing areas for larger mammals,
harvesting underground crops and grass seeds, and to aid in collecting insects, such as



the Paiute people’s collection of piuga, the Pandora moth (Blake & Wagner, 1987;
Williams, 2003).

While part of this belief that Indigenous people minimally utilize the rangeland comes
from attempts at cultural minimization and erasure, it also comes from a disconnect
between Indigenous and settler views on land management (Sabzalian, 2019). Black
Elk (2016) describes how traditional ecological knowledge—whatthey call “Native
science”™—looks at ecological interrelatedness as a key for rangeland health. They note
that Native science strives for holismin all things and acknowledges thathumans are
active participants in the natural world (Black Elk, 2016). This led to the development of
agricultural processes that were unrecognizable to settlers. An example of these
processes that seen in multiple tribes is preparing plants for basket weaving. Left to
their own growth pattern, wild plants can grow bent, forked, and crooked, which can
lead to difficulty in weaving. To maintain a reliable supply of weaving materials,
Indigenous people developed the practice of transplanting, timming, and coppicing
grasses and reeds to encourage long, straightgrowth for weaving (Diekmann etal.,
2007). Maintaining the health of these weaving plants also promoted overall rangeland
health and ecosystem biodiversity. Anderson (2013) notes that one can see this
“calculated, tempered use of nature,” even in the agricultural tools developed by
indigenous people (p. 2). In examining different tribes in California, they note that tools
are notdeveloped for increasing the speed or quantity of a harvest, butinstead to
prevent and minimize damage to the plant and avoid disturbing the larger ecosystem
(Anderson, 2013). While settlers saw an untouched land or wilderness, Diekmann etal.
(2007) suggests that it is “more useful to think of them as cultural landscapes, and
perhaps working landscapes, in which human use also has the potential to enhance
ecosystem productivity and diversity” (p. 48).

Along with cultivating different plantfibers for weaving, some tribes, such as the Hopi
and Akimel O’odham also cultivated cotton for fiber as well as the edible seeds
(Langmaid, 2017). Cotton production did slow after the introduction of churra sheep at
the end of the 16" century by the Spanish, when tribes such as the Diné and Hopi
began raising sheep on rangeland for their wool, milk, and meat (National Park Service,
2021). While some tribes shifted to raising sheep on theirown accord, others—such as
the Akimel O’'odham—found thatthe water they relied upon for irrigation of their fields
had been diverted away from the reservation by state and federal governments, forcing
them to abandon cotton cultivation (Langmaid, 2017). Today grazing remains an
important aspect of Indigenous people’s use of the rangeland, although the specific
regulations around livestock grazing will vary depending on tribal codes and the unique
lifeways each tribe wishes to support (Grim, 1997; Rangelands Gateway, 2022).



Currently livestock production constitutes the largest land use in the US Western
Mountain region, which includes Arizona, Colorado, Idaho, Montana, Nevada, New
Mexico, Utah,and Wyoming. In those states, grazing areas (rangeland, irrigated
pastures, and grazed forests) occupied almost 400 million acres, accounting for 73% of
all Western land uses (USDA ERS, 2017)*. Accordingto the 2017 Census of
Agriculture, there were 69,736 operations with cattle with an inventory of 12.7 million
head (USDA NASS, 2017a) and cattle sales of $10.3 billion (USDA NASS, 2017b). In
Arizona, grazing areas occupied around 77% of the land use in the state (USDA ERS,
2017), while according to the last Census of Agriculture there were 891,436 head of
cattle and sales of almost $404 million (USDA NASS, 20174, b). In Colorado grazing
lands occupied 63% of the land use in the state (USDA ERS, 2017) and included 2.812
million head and sales of more than $3.3 billion (USDA NASS, 2017a, b).

In designing this report, we specifically looked at the cow-calf side of beef livestock
production. For those unfamiliar with modern beef production, itis important to
understand thatthe US beef supply chain is a complex series of systems that meet and
branch off at different stages. In the simplest version of this supply chain,arancher
sellsa cow to a consumer, which isthen transported to a slaughterhouse for processing
and packaging before being picked up by the consumer. Most cattle do not experience
such a straightforward process; for most, life begins on a cow-calf operation where
cattle are born, weaned, and then raised on pasture until reaching an ideal weight. From
there, they are transferred to a feedlot, where they eat grain until reaching theirfinal
market weight. As the feedlot is a place for cows to quickly puton weight, feedlots are
often located adjacent to or in close proximity to a slaughterhouse. From there, the
cattle are processed into different cuts of beef and the offal and hides are send to
rendering (NARA, 2022).

This study looks specifically at the cow-calf part of this value chain, as cow-calf
operation are the primary function of ranching in the American West. While there are
some feedlots throughoutthe west, they are primarily located in the Great Plains,
particularly the Texas and Oklahoma panhandles, Nebraska, and Kansas (Drouillard,
2018; USDA ERS, 2022b). As thisreport performed case studies in Arizonaand
Colorado, it made sense to begin our TCA analysis with cow-calf. Not only is cow-calf
the beginning of the beef value chain, butit is also the focus of ranching in both the
case study states and the west at large. We hope to expand our scope to feedlots,

4 Specifically, this data was taken from Summary Table 4 in the ERS Major Land Uses Report, available
at

https://www.ers.usda.gov/webdocs/DataFiles/52096/Summary_Table 4 total grazing_land_by region_a
nd_state 2012.xls?v=6116.8
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slaughterhouses, and processing, as well as the rendering stage of beef production in
future reports.

Given the importance of cattle production in the US—particularly in the West—it is
essential to have an integrated assessment of this industry, not only for its market value
and impacts on land use, but also for the positive and negative externalities it produces.
True Cost Accounting (TCA)is a tool that can be used to accomplish this. TCA is a
holistic economic assessmentthat looks beyond conventional financial metrics and
seeks to understand the broader human, social, and ecological impacts of food systems
activities by “measuring what matters” (Baker et al., 2020). TCA recognizes that just
looking at yields, profits, calories, and/or proteins to judge the success and
appropriateness of our food systems is misleading and generates widespread
unintended consequences and costs to the environment, human health, and society.

To address these unintended consequences and consider the hidden costs and benefits
of differentcomponents of our food systems, TCA recognizes that the dependencies
and impacts of food systems on fourtypes of capital—natural, produced, social and
human—must be made visible, measured, and (if possible) monetized. This is essential
if we want to improve upon how we produce food. The most prominent framework for
applying TCA across these different capitals is The Economics of Ecosystems and
Biodiversity for Agriculture and Food (TEEBAgriFood) Evaluation Framework (Baker et
al., 2020; TEEB, 2018) which hasinstructed our analysis. The goal of TCA is to provide
decision makers, both in the public and private sector, full information to empower them
to make better decisions aboutthe food that we produce, market, and consume, and to
improve the policies that undergird our food systems.

This report presents the results of the study “Unveiling the Hidden Capitals of Cow-Calf
Operations in Rangelands of the West: A TCA TEEBAgriFood Application.” The goal of
this study is to contribute to methodological refinements of TCA and gain a more
nuanced understanding of the complex systems underlining beef production. A
combination of multiple qualitative and quantitative methodologies that complemented
each other was used in this study.

Bringing together this variety of methodologies, the study offers a more complete story
of beef on the range, contributes to the TCA Community of Practice methodological
efforts, and elevates potential policy issues in cow-calf production systems in the West.



Today’s Context

There are increasing concerns aboutthe externalities generated by beef production on
rangelands. In recent times, many consumers, often driven by environmental or health
concerns, are favoring alternatives to beef such as vegetarian, or vegan options. While
consumers following vegan diets are still a small portion of the US overall (5.9%), the
number of consumers identifying as vegan has risen quickly, increasing 500% from
2014 to 2019 (Alcorta et al., 2021). This interest in alternatives to meat goes beyond
those adhering to vegetarian and vegan diets as seen in the rising success of plant-
based foods. Plant-based foods sold as animal-sourced-alternatives have increased
54% at the retail level over the past three years (2018-2021), reaching $7.4 billion in
retail sales (Ignaszewski, 2022). Further while plant-based meat accounts for only $1.4
billion of thattotal, as a stand-alone category it hasrisen 74% in dollar growth over the
same period (lbid). This rise in self-identified vegetarians, vegans, and overall plant-
based meat sales is thoughtto go hand-in-hand with the modern zeitgeist around
reducing meat consumption, no matter if the reason is environmental, personal health,
or related to animal welfare. From celebrity-endorsed vegan diets to NYC public schools
implementing a citywide Meatless Monday initiative, it is hard to find public
conversations about meat consumption that do not bring up some negative opinions
(Curry, 2019).

Compounding negative media attention surrounding beef production, COVID-19 has
exposed longstanding problems with concentration in meat processing with the big four
meat packers (Cargill, JBS USA, Tyson Foods and National Beef Packing) and the
resulting economic struggles ranchers face in a consolidated market. While ranchers
experienced meager returns on their cattle, this has not been the reality seen by
consumers at the grocery store. Consumers, used to inexpensive and readily available
beef, faced multiple unexpected meat price shocks during and after the COVID
pandemic. These rising prices and the resulting consumer outcry led the Biden
Administration to begin looking into consolidation among meatpacking plants.
Throughout 2021, White House economic advisors released memos of theirfindings,
including thatlivestock ranchers were paid lower prices while consumers continued to
see rising prices and the dominant meat processors were reporting 300% gains in their
net margins (Deese et al., 2021).

In January of 2022, the White House announced that USDA would invest $1 billion
through the American Rescue Plan to supportindependent slaughterhouses and
meatpackers to increase competition in the industry (The White House, 2022). In April,
both the House and Senate Agriculture Committees held hearings with cattle ranchers
and USDA employees to review transparency in beef pricing and increase oversightin
packinghouses. Two bills addressed at these hearings, the Meat and Poultry Special



Investigator Act of 2022 and the Cattle Price Discovery and Transparency Act of 2022,
are poisedto also help tip the balance of power back towards small, independent
ranchers (Hagstrom, 2022a). At the time of this report, these bills have passed out of
their Senate committees and are waiting to be broughtto a full Senate vote.
Additionally, the Presidenthas voiced his supportof a related bill that was just passed in
the House, which will create an “Office of the Special Investigator for Competition
Matters” in the Agricultural Department (Hagstrom, 2022b). While these bills currently
have broad supportin Congress, they have notbecome law. Between consumer
confusion, climate change, and concentration, at the time this study has taken place
beef is of great interest. It will be important to continue to monitor beef interventions and
impacts along various parts of the supply chain.



Scope of Study

The scope of this study is the cow-calf supply chain, which takes place on ranches
where there is a direct link between range ecosystems, range management, climate,
and ranchers’ decisions and welfare. Our study finishes with the sale of the calves to
backgrounding or feedlot operations (though in some cases ranchers do the
backgrounding themselves or keep possession of the animal until slaughter). Following
the TEEBAgriFood Evaluation Framework, we focus our analysis on four capitals:
natural, social, human, and production.

Natural capital refers to “the limited stocks of physical and biological resources found
on earth, and of the limited capacity of ecosystems to provide ecosystem services”
(TEEB, 2018). In other words, it is looking at the available resources in an ecosystem
and that ecosystem’s capacity to create benefits forindividuals, organizations, and the
environmentitself (True Cost Initiative, 2022).

Social capital encompasses networks, institutions, shared norms, values and
understanding that facilitates cooperation (TEEB, 2018). Social capital looks at the
benefits derived from organizations and individuals developing a set of common values
that aid in collaborating or offering assistance between these groups (True Cost
Initiative, 2022).

Human capital refers to the proficiency and talents that individuals develop to improve
their own welfare in terms of personal health, emotional well-being, and positive social
interactions (True Cost Initiative, 2022).

Production capital refers to all manufactured capital, such as buildings, machinery,
physical infrastructure, as well as financial capital and intellectual capitals (TEEB,
2018). It is the easiest capital to measure in monetary terms and the one best
understood in society.

This study used both qualitative and quantitative methods, as well as different scales of
inquiry, to collect data on the dependencies and outcomes of the cow-calf system on
natural, social, human, and produ ced capitals. Using a mixed-methods approach
allowed usto better contextualize the system at a regional level, to use robust
guantitative data where available, to integrate qualitative data for indicators not
available quantitatively, and to enrich and explain quantitative findings with local
knowledge derived qualitatively. Consistentwith the guidance on the implementation of
the TEEBAgriFood Evaluation Framework (Eigenraam et al., 2020) this study project
established an Advisory Committee with relevant stakeholders who provided inputin our



study design. This study has several components, each with a particular methodological
approach, results, indicators, and scale of inquiry (Figure 1). The components are:

(1) Model 1: Statistical model for quantifying the dependencies of the market value
of cattle production on the four capitals identified by the TCA assessment. This
analysis has been done at the county level for all states in the Western Mountain
region of the US.

(2) Model 2: Statistical model using publicly available county-level data for the
Western US and measures of the capitals to understand the relationship between
community wealth and gross income from ranching, rotational grazing decisions,
participation in the Environmental Quality Incentives Program (EQIP) as a proxy
for engagementin government programs, profitability, and multigenerational
ranch transfer.

(3) 11 case studies with ranchers (six in Arizona and five in Colorado). Each case
study consisted of: (i) interviews with the rancher (in person or Zoom); and (ii)
responsesto a questionnaire.

(4) Soil sampling in two sites of each case study ranch and their respective soil
analysesin a lab.

(5) For 10 ranchesin the case-studies, temporal analysis (from 1986-2020) with
comparisons between a ranch and an adjacentbuffer zone to assess impacts on
biomass production and biodiversity.

(6) A Life Cycle-Assessment (LCA) of the case-study ranches in terms of
greenhouse gas (GHG) emissions, energy, and water impacts.



Regressions at
the Western
Mountain
Region (1& 2)

Case Studies
LCA analysis (6) withranchers

(3)

Biomass

productivity and _ .
Biodiversity Soil Sampling

analysis (4)
(5)

Figure 1. How project components relate to TCA.

We report each component providing information on the specific methodology used to
obtain the data that underpins it, and the results. We begin contextualizing
dependencies atthe Western Mountain region, and follow with a more focused, detailed
examination of dependencies and outcomes at the ranch-level to informthe TCA
community of practice and build upon methodologies for future work. At the end of the
document, we provide a synthesis that explores key take-aways, lessonslearned, and
our plansforfuture work. Tables 1 and 2 present the different aspects that constituted
the capital base for production associated with the dependencies and resulting the
outcomes, respectively, analyzed in the project by the four capitals. We presentthe
indicators used for each aspect, the scale of measurement, the source of the data used,
and the type of analysis used to indicate how they relate to the componentsin Figure 1
(numberin parenthesis). Figure 2 presents a chart of the natural, human, social, and
produced capital stocks, flows, and outcomes assessed reflecting the variables
described in Tables 1 and 2. Thisfigure is based on the model presented in Eigenraam
et al. (2020; see also Figure 3 below).



Table 1. Dependencies.

Capital Aspect Indicator Scale Data Source Analysis
Natural Land Area in acres ranch survey Ranchers' descriptive
surveys 3
Percent total acres in conservation- county secondary USDA FSA Regression
related programs and woodlands (2017) analysis (2)
Percent of total acres in conservation- county secondary USDA FSA Regression
related programs and woodlands (2017) analysis (2)
Percent of farmland acres designated as county secondary USDA NRCS | Regression
prime farmland (2012) analysis (2)
Natural amenities scale county secondary McGranahan | Regression
(1999) analysis (2)
Biomass Annual & perennial forbs and grasses county secondary Rangeland Regression
biomass production in pounds per acre Analysis analysis (1)
Platform
(2022)
Water Water consumption per animal ranch survey Ranchers' descriptive
surveys 3
Energy Fuel and electricity consumption by ranch survey Ranchers' descriptive
ranch surveys 3)

Social Diversity in | Diversity of operations by herd size per county secondary USDA NASS | Regression
size of county (2017a) analysis
cattle
operations
Social County social capital index county secondary | Rupasingha | Regression
capital et al. (2006) | analysis (1&
(positive) 2)
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https://aese.psu.edu/nercrd/community/social-capital-resources/social-capital-variables-for-2014/social-capital-variables-spreadsheet-for-2014

Social County based on crime statistics county secondary USDJ FBI Regression
capital (2014); CDC, | analysis (2)
(negative) (2014)
Cultural Arts and cultural institutions-libraries & county secondary USDAERS | Regression
capital museums (2014), US analysis (2)
Census
Bureau
(2010a,
2014),
Kushner &
Cohen
(2018)
Creative capital-creative industry county secondary Kushner & Regression
businesses Cohen analysis (2)
(2018)
Human Experience | Years of experience ranch survey Ranchers' descriptive
surveys
Age diversity county secondary USDA NASS | Regression
(2017c) analysis (1)
Labor Amount of paid labor county secondary USDA NASS | Regression
(2017d) analysis (1)
Amount of unpaid labor county secondary USDA NASS | Regression
(2017d) analysis (1)
Health Health factors and outcomes, formal county secondary | RWJF Regression
related education (2010), US analysis (2)
aspects Census
(2010b)
Health food secure population, population with county secondary Feeding Regression
security health insurance, access primary care America analysis (2)
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(2010),

RWJF (2010)
Produced Infra- Fences, water points, pipelines, ranch survey Ranchers' descriptive
structure surveys 3
Assets Asset value of buildings, land, county secondary USDA NASS | Regression
machinery, (2017e, 1) analysis (1)
Built capital | Number of food, beverage, and other county secondary US Census Regression
establishments Bureau analysis (2)
(2014)
Highway and broadband infrastructure county secondary Derived from | Regression
NTIA State analysis (2)
Broadband
Initiative
(2011) data
Financial Financial capital solvency county secondary US Census Regression
capital Bureau analysis (2)
(2007), FDIC
(2016)
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Table 2. Outcomes.

Capital Aspect Indicator Scale | Data Source Analysis
Natural Biomass Changes in annual & ranch | secondary | Rangeland Analysis Platform Comparisons of
perennial forbs and (2022) ranches vs
grasses biomass buffer (5) &
production in pounds regression
per acre 1986-2019 analysis (1)
Soll Various soll ranch | soil Soil sampling in ranches Arizona | Soil analysis (4)
characteristics samples & Colorado
Water Quantity and monetary | ranch | survey, Ranchers' surveys, other sources | LCA (6)
value of water secondary
consumption per
animal
Energy Quantity of energy ranch | survey, Ranchers' surveys, other sources | LCA (6)
consumption by ranch secondary
CHG Quantity and monetary | ranch | survey, Ranchers' surveys, other sources | LCA (6)
value of Carbon secondary
emissions and
sequestration
(including methane)
Biodiversity | Changes in ranch | secondary | Rangeland Analysis Platform Comparisons of
environmental (2022) ranches vs
heterogeneity as buffer (5)
indicator of biodiversity
1986-2019
Wildlife Wildlife presence in ranch | survey Ranchers' surveys, other sources | descriptive (3)

ranch (species
observed)
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Conservation | Adoption of rotational county | secondary | USDA NASS (2017g) Regression
grazing analysis (2)
Participation in county | secondary | USDANRCS (2012) Regression
Environmental Quality https://hensen.shinyapps.io/eqip/ | analysis (2)
Incentives Program
(EQIP)
Social Diversity in Marginal monetary county | secondary | Regression estimate Regression
size of cattle | value of diversity of analysis (1)
operations operations by herd size
per county
Social capital | Marginal monetary county | secondary | Regression estimate Regression
(positive) value of county social analysis (1 & 2)
capital index
Human Quiality of life | Availability & costs ranch | survey Ranchers' surveys, other sources | descriptive (3)
health care
Subjective assessment | ranch | survey Ranchers' surveys, other sources | descriptive (3)
of Quality of life
Succession Presence of ranch | survey Ranchers' surveys, other sources | descriptive (3)
plan succession plan
Fraction of county | secondary | USDA NASS (2017h) Regression
multigenerational analysis (2)
grazing operations
Labor Marginal monetary county | secondary | Regression estimate Regression
value of paid labor analysis (1)
Marginal monetary county | secondary | Regression estimate Regression
value of unpaid labor analysis (1)
Marginal monetary county | secondary | Regression estimate Regression
value of age diversity analysis (1)
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Produced

Assets Inventory and sales of | ranch | survey Ranchers' surveys, other sources | descriptive (3)

cattle

Profitability Operational costs ranch | survey Ranchers' surveys, other sources | descriptive (3)
Revenues ranch | survey Ranchers' surveys, other sources | descriptive (3)
Gross income from county | secondary | USDA NASS (2017i) Regression
sales of cattle including analysis (1)
calves
Share of livestock county | secondary | USDA NASS (2017h) Regression
operations that are analysis (2)
profitable
Gross income from county | secondary | USDA NASS (2017h) Regression
ranching as percent of analysis (2)

total agricultural sales
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Figure 2. Chart of the natural, human, social, and produced capital stocks, flows, and outcomes analyzed.
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Literature Review

True Cost Accounting

The Economics of Ecosystems and Biodiversity for Agriculture and Food
(TEEBAgriFood) Evaluation Framework (TEEB, 2018) is the foundational basis for
applying TCA to evaluate food products, agricultural systems, diets, national accounts,
and policy optionsin agriculture and food systems (Sandhu etal., 2021). It emphasizes
the needto fix the food metrics using a systems’ approach that evaluates the impacts
and dependencies between natural, human, agriculture, and food systems (Figure 3).
The framework applies a multi-capital-based approach and supports the use of

monetary and non-monetary approaches to impact assessment.

CONTRIBUTIONS TO HUMAN WELL-BEING

IMPACTS
Contribution to human Environmental impacts Economic impacts Health impacts Soclal impacts
well-being = *value additions” 1
8
b
« NATURAL CAPITAL » « PRODUCED CAPITAL »— HUMAN CAPITAL + SOCIAL CAPITAL ~— w
t + Ecosystem restoration * Depreciation/invesment in « Improved livelihoods * Increased access to food
+ Increase in habitat quality fixed assets such as roads, * Increased skills * Increased employment
» Deforestation & habitat loss equipment and machinery + Improved nutrition opportunities
* Higher GHG concentrations + Changes in financial capital * Reduced occupational + Land displacement
OUTCOMES * Soll & water pollution health
Changes in the capital base L J
( JE \
AGRICULTURAL AND FOOD QUTPUTS ECOSYSTEM SERVICES
Th hFILOW'ls hal Agricultural and food products, income (value added, operating Provisioning (biomass growth, freshwater), regulating (pollination, pest 2
rough the value chain surplus), and subsidies, taxes and interest control, nutrient cycling), and cultural (landscape amenity) @
"visible and invisible" 3
$ k)
PURCHASED INPUTS RESIDUALS E
Labor inputs incl, skills), and intermediate consumption (produced Agricultural and food waste, GHG emissions, other emissions to
inputs such as water, energy, fertilizers, pesticides, animal health and air, soil and water, wastewater, and solid waste and other
veterinary inputs) residuals
t"Dependencles' « NATURAL CAPITAL » PRODUCED CAPITAL »— HUMAN CAPITAL + SOCIAL CAPITAL .
Land accessitenure, food
Buildings, machinery and security, opportunities for
Water, soil, air, vegetation ' Opp!
cover and habllftg quality, equipment, infrastructure, Education/skills, health, empowerment, social
STOCKS blodiershyete research and development, working conditions, etc. cooperation, institutional
Capital base for production ' finance, etc. strenght, laws and
regulations, etc.

Figure 3. Graphic representation of the elements of the TEEB Evaluation Framework.
Source: TEEB, 2018.
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Food systems are complex and involve a myriad of products, processes, actors,
institutions, networks, and environments, as well as interactions across scales from the
consumer, the farm to international trade across the planet. TEEBAgriFood is a flexible
evaluation framework that can be applied to differentcomponents of food systems and
at differentscales. The framework is applied by different stakeholders, such as
governments, businesses, communities, and farmers (Sandhu etal., 2021) focusing on
supply chains of specific commodities or products, productions systems, sectors,
industries, and countries. The Global Alliance forthe Future of Food (GAFF) has
sponsored the development of an inventory of methodologies, case studies, databases,
and other resources on TCA (Soil & More Impacts and TMG Thinktank for

Sustainability, 2020).

Guidelines have been developed for the application of TCA (Eigenraam et al., 2020;
Natural Capital Coalition, 2016; True Cost Initiative, 2022). These guidelines consist of
several steps divided into four phases or stages: (1) Frame the issue of interest and
purpose of the assessment; (2) Scope the focus of the assessment; (3) Measure
impacts and dependencies and value—and if possible, monetize, them; and (4) Apply
the results of the assessment and take action. Applying TCA requires defining
boundaries and scope of application as well as combining the use of multiple
methodologies and data types and sources and this in practice can be challenging
(Sandhu etal., 2021). For example, data may not be available or accessible, methods
involve assumptions that may not be valid in particular contexts, and there can be
multiple sources of uncertainty thatimpact the TCA results. However, TCA is
systematic, transparent, and flexible, and as Baker et al. (2020, p. 767) have stated, it
should notbe seen as an algorithm that generates specific solutions, butas a tool
meant to support decision-makers—farmers, entrepreneurs, and policy makers.

An important but controversial issue is that of monetizing externalities. By definition,
there are no market prices associated with externalities, both positive and negative. The
pointof monetization in TCA is notto commoditize or privatize nature or other
nonmarket aspects of food systems, butto make the system more transparentand
arrive at better decisions. Numerous valuation methods can be used to monetize
externalities in food systems (TEEB, 2018, Chapter 7 for a description). However, as
stated by Lord (2020, p. 3), “[M]onetary estimates are contentious.” In particular, one
hasto be careful aboutadding up social and private benefits and subtracting natural
and social capital costs to determine “total” or “true” value, since “...an amountin an
economic valuation cannot necessarily be substituted with an amount of financial value.
Monetization of costs and benefits does not necessarily imply substitution of costs for
benefits.” (Ibid, p. 10).
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Despite imperfections in monetization and challenges of substitution, the tactic of
monetizing and comparing costs and benefits for decision-making has long been used
by governments as Cost Benefit Analysis (CBA). It has been arguedthat TCA is nota
new concept, butcan be seen as an evolved, modern variant of CBA (Merrigan, 2021).
TCA extends beyond the scope of CBA by aiming to evaluate a wide range of positive
and negative externalities. CBA proves challenging and controversial as well, yet it has
been applied to numerous issues, highlighting the value of subtracting costs from
benefits to arrive at a net benefit/cost monetary amountfor decision-making (Ibid).
Therefore, reaching afinal cost, while disputed, is an important part of the practicality of
TCA.

There are an increasing number of studies that are applying TCA to differentaspects of
food systems around the world (Soil & More Impacts and TMG Thinktank for
Sustainability, 2020; University of Cambridge Institute for Sustainability Leadership,
2020). The Rockefeller Foundation (2021) study on the true cost of food of the US food
system provides an estimated monetary value for the externalities generated at the
country level. There are also TCA studies at differentscales and in differentcountries.
For example, related to livestock, Baltussen et al. (2016) analyzed the poultry, beef and
dairy production systems on human systems and ecosystems in Tanzania. The
Scientific Group for the UN Food Systems Summitcommissioned a discussion paper for
the 2021 Summitelevating TCA and estimating the externalities of global food
production to be $19.8 trillion- nearly double the value of the currenttotal global food
consumption ($9 trillion; Hendriks et al., 2021). Significantly, the final paper putforth by
the UN Scientific Committee recommends TCA to help manage externalities (von Braun
et al., 2021).
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The Negative Externalities of Beef

Externalities are a conceptthat connects economic production and consumption to
indirect effects on both the environment, human health, and society, which may be
either negative or positive effects (Helbling, 2020). Godfray et al. (2018) looked at some
of the negative externalities created by meat production (notlimited to only beef) and
found a diet with high consumption of red meat led to increased risk of several
diseases, including colorectal cancer and cardiovascular diseases. Their study also
addressed the larger issue of meat production’s role in climate change, especially in
creating greenhouse gas (GHG) emissions and using freshwater resources. Godfray et
al. positioned meat production and consumption as an ethical decision, particularly
where wealthier countries can afford the monetary price of meat-heavy diets butglobally
all countries are faced with the burdens stemming from the increased effects of climate
change. Therefore, a key concern when studying externalities is who benefitsand who
(or what) bears the cost.

While the Godfray et al. study focused on meat in general, including pork and poultry,
studies focusing on beef livestock production trace several environmental externalities
to cattle. For example, a 2019 Life Cycle Assessment publication found multiple
negative environmental impacts stemming from beef livestock operations, including
GHG and carbon emissions, fossil fuel consumption, blue water use, and nitrogen and
phosphorus runoffinto the water supply (Rotz et al., 2019). One downstream issue from
this spread of nitrogen into nearby water sources is the eutrophication of lakes and
rivers, which can lead to fish deaths and a loss of aquatic biodiversity (EPA, n.d.). A
report in Nature’s Knowledge Project listed eutrophication as a leading cause of water
pollution in ecosystems located around both freshwater and coastal environments
(Chislock et al., 2013). Additionally, though some consumers believe “grass-fed” beef to
be more environmentally-friendly, there is controversial evidence that cattle finished on
grass are responsible for more GHG emissions than cattle raised on a feedlot (Gerssen -
Gondelch et al., 2017; Pelletieret al., 2010; Souzaet al., 2022). These studies looked at
feedlot cattle reaching market weightsooner than grass-fed, as well as the high fiber
diet of grazing cattle which produced more GHG emissions with an overall lower CW.

One caveat surrounding such controversial findings is that improved grazing
management can offset grass-fed emissions by utilizing the rangelands’ ability to
sequester carbon in soil (Stanley et al., 2018). For instance, adaptive multi-paddock
grazing managementhas been shown to improve soil health across multiple criteria,
including carbon sequestration butalso by increased water retention, efficient nutrient
cycling, and supporting biodiversity both above and below ground (Teague & Barnes,
2017). Further complicating matters in comparing grass-fed cattle to feed lots is that the
grain rations used in a feedlot often require synthetic fertilizer, pesticides, and
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transportation as opposed to the low/no-input native grasses and plants growing on
rangeland (Capper, 2012). Lastly, to return to above pointabout diet, specific pasture
management of grass-fed operations can also change the quality and fiberratios in the
feed, mitigating noted differences in GHG emissions (Ouatahar et al., 2021). Kumar et
al. (2014) detailed a number of experimental methane mitigation strategies, including
selecting plants that produce methane-reducing secondary compounds, offering cattle
lipid supplements and organic acids, and utilizing phages (a virus that destroys bacteria)
to target methane-producing bacteria inside of cattle rumen. So, depending on the
scope of these studies and the variables considered, the same method of beef
production can reflect either positive or negative externalities, depending on the framing
(Capper, 2012). Klopatek et al. (2022) demonstrated thisin their report that looked at
four different cattle systems: conventionally-raised steers finished on grain for 128 days,
grass-fed for 20 months, grass-fed for 20 months and grain finished for 45 days, and
lastly grass-fed for 25 months. The report found both positive and negative externalities
in each system, such asthe lower GHG emissions of conventional systems coming at
the highestenergy cost, while the 20-month grass-fed system had the highest
emissions with the lowest water use (Klopatek et al., 2022). Looking at the complete
beef production system in this way is the best way to understand the complexities of
differing systems. True Cost Accounting, like the LCA used by the Klopatek et al. study,
allows usto understand the intricacies behind these different agricultural models.

Overgrazing, defined as grazing to such an excessive extent that vegetation is
destroyed beyond the point of regeneration, leaves patches of bare earth behind which
creates a risk of generating more negative externalities (Teague et al., 2011). Occurring
most often in ecosystems lacking an evolutionary history of grazing by large herbivores
(Milchunas, 1988) or around key resources such as water, overgrazing leads to
negative externalities such as soil erosion and a decrease in water infiltration of the soil.
This erosion occurs from cattle consuming rangeland plants faster than the plants can
regenerate, which creates a feedback loop of cattle grazing becoming more
concentrated on the remaining grasses (Bestelmeyer et al., 2018). Arid and semi-arid
rangelands are also at additional risk of a specific type of land shiftcalled
desertification, where the ecosystem moves towards desert conditions and away from a
rangeland system (Angerer et al., 2016). Livestock overgrazing also suppresses the
growth of new grass, allowing woody shrubs to encroach on these rangelands and
compete for dominance in the environment (Anderies et al., 2002). When these woody
shrubs replace the rangeland there are a range of ripple effects, from biodiversity shifts
in the rangeland, to the shrubs allowing more wind and rill erosion, and the loss of
rangeland reduces the forage available to livestock (Angerer et al., 2016). While these
shiftsin land use are often perceived as a negative outcome for ranchers, who are the
main beneficiaries of a productive rangeland, a patchwork ecosystem of rangelands and

21



shrublands has been found to support diverse groups of plants and animals, even if
they are not endemic ecological groups (Bestelmeyer et al., 2018).

A secondary effect of desertification and spread of woody shrubsis an increase in the
risk of forest fires. Shrubs have the dual characteristics of burning at hotter
temperatures than grass and burning slower, extending the amount of time they stay
ignited (Ozeran, 2019). Coupled with extended droughts in the Western US, this change
in rangeland ecosystems increases the risk of widespread fires. The increase in forest
fires can be in part, attributed to the practice of overgrazing. Managed grazing that does
not lead to desertification has been found to have a positive effect on suppressing forest
fires (Anderies et al., 2002). A second caveat is that grazing is not the only activity that
can lead to desertification; changesin climate that favor droughtand increased average
temperature naturally selectfor more resilientshrubs thatcan access groundwater
reserves unobtainable by grasses (Bestelmeyer et al., 2018).

Some controversial research finds that livestock grazing is always detrimental to wildlife
and biodiversity. Such articles attribute this to a number of factors. Livestock can
negatively impact rangeland both by overgrazing for food and by the trampling effect of
their hooves, which disturb bird, rodent, and reptile habitats (Jones et al., 2003;
Lindenmayer et al., 2018). Livestock grazing has the greatest negative impact on
organisms that are primarily dependenton plants for sustenance, with livestock
outcompeting native herbivores and pollinators (Filazzola et al., 2020). There are also
described problems of ranchers killing large predators to protect their livestock, which
further destabilizes the ecosystem and has been shown to be ineffective atreducing
livestock mortality rates from predation (Goldfarb, 2016). Additionally, cattle waste
products have been shown to have a detrimental impact on freshwater sources, which
can kill aguatic species (Bragaglio et al, 2020; Foley et al., 2012). A study by Buxton et
al. (2020) also noted that cattle waste in water leads to a significantrise in mosquito
populations, which can increase the chance for vector-borne diseases to spread. Other
studies find that negative impact on wildlife and biodiversity from grazing is context
dependent, and that differences in ranch managementlead to variable outcomes
(Ollerer et al., 2019; Schieltz & Rubenstein, 2016; Veblen et al., 2019).

In evaluating different negative externalities, one trend reoccurs: these negatives can be
either exacerbated or nullified depending on the herd density and grazing practices
employed by the operation. For example, better managed systems of grazing can help
remove organic material and reduce the severity of forest fires. Alternatively, poor
grazing practices increase this risk. In the example of GHG emissions, cattle left to
overgraze an area will release carbon and increase erosion, while cattle in regular
grazing rotation can helpto build soil health and fertility. It is important to keep this
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distinction in mind when framing the narrative around livestock ranching, as operational
practices vary widely. To return to our grazing example, a report issued through ERS
notes that only 40% of all types of cow-calf and cow-calf combination operations employ
rotational grazing. Of this 40%, 16% employ intensive rotational grazing (averaging 14
days or less per paddock) and 24% perform basic rotational grazing (averaging more
than 14 days per paddock), which makes for widely differentrange conditions between
operations (Whitt & Wallander, 2022).
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The Positive Externalities of Beef

Farmers and ranchers produce multiple goods for society, including food, fuel, fiber,and
in our specific case, cattle. There are numerous economic benefits tied specifically to
ranchers utilizing Western lands for grazing: the Bureau of Land Management (BLM)
estimated that in 2020 grazing on federal lands added 36,000 jobs and contributed $2.4
billion tothe US economy (BLM, 2021a). While the culture of Western beef production
abounds with images of cowboys and dusty cattle drives, a more recent phenomenon
has erroneously connected ranchers with holding negative beliefs around land
conservation. The 1970’s saw the rise of several “sagebrush revolutions,” where
Western farmers and ranchers rose up against whatthey saw as government
overreach, particularly when itcame to the BLM enacting size restrictions for herds
grazing on federal lands (American Folklife Center, 2002). These arguments and
protests were widely covered in the news, which led to a public perception that ranchers
were anti-conservation (Thompson, 2016). What has actually been found is that while
Western ranchers hold a range of opinions—both positive and negative—of the federal
government, nearly all ranchers hold only positive opinions of conservation, land ethic,
and wildlife management (Lien etal., 2017).

Along with nearly universal support for conservation among ranchers, there is also
evidence of other positive externalities, including recreational value, water conservation,
and maintaining open space. Possibly the greatest positive impact from ranching is
keeping the land “open” and safe from development. Further amplifying this impact,
ranchers view the passage of property ownership from generation to generation asits
own kind of conservation, as this prevents the land from being fractured into smaller
parcels and developed (Schilling etal., 2015; Wilmer & Ferndndez-Giménez, 2016;
Wilmer et al., 2020).

Ranching’s preservation of open space has numerous positive effects, from protecting
freshwater resources, allowing free movement of animal migration, maintaining space
for wildlife habitats, and allowing rangelands to act as a cover to prevent wind and rill
erosion (NRCS, 2010). There have also been several studies that demonstrate how
herbivory performs an ecosystem service by maintaining habitats for other species,
especially birds (Allison & Bender, 2017; Boyce et al., 2021; Ogada et al., 2008).
Multiple species of rangeland birds have seen dramatic population drops over the past
five decades, buttheir species density and diversity have been shown to increase on
grazed lands (Boyce et al., 2021). This occurs because cattle grazing at low herd
densities create habitats that are favored by a range of threatened species, remove
overgrown vegetation that can prevent species from nesting, and also deter predators
from entering the rangeland due to the cattle's large size (Allison & Bender, 2017;
Ogada et al, 2008). As was previously discussed in the Negative Externalities section,

24



many of these environmental impacts are context dependent, and differentgrazing
managementyields varied outcomes.

Filazzola et al., (2020) conducted a meta-analysis of the impacts of cattle grazing and
while they concluded that excluding cattle from temperate environments (such as
forests in the North Pacific) could benefit native biodiversity, they also noted four
independent studies that showed cattle increase both plantand animal diversity on
rangeland. Thisincrease in biodiversity is attributed to the inherentopen nature of
rangeland and thatindigenous rangeland species are already adapted to open spaces
and do not require extensive ground cover (Schieltz & Rubenstein, 2016). Schieltz &
Rubenstein (2016) noted the wide variability of differentecosystems, indigenous
species breeds, and grazing management strategies employed in cattle operations
made it difficultto broadly declare whether grazing has more positive or negative
externalities on wildlife and biodiversity. Instead, they call for expanded research on the
differentvariables of grazing, wildlife, and cattle to understand the contextual
relationship and impacts among these variables (Schieltz & Rubenstein, 2016).

While these impacts on wildlife are crucial from an ecological standpoint, the general
public may be more personally familiar with the benefits from recreation on federal
lands. These BLM lands—the same used for cattle grazing—are also open to the public
to use for fishing, hunting, boating, hiking, and biking (BLM, 2021a). While there have
been some concerns aboutgrazing animals polluting water sources at recreational
areas, studies have shown thatthis is rarely the case with managed grazing and water
quality will return to normal unless stagnant conditions are present (Roche et al., 2013).
As we will see throughoutthis report, a key factor here is “managed grazing,” as
overgrazing with eithertoo many cattle or for too long of a sustained period will lead to
land and water degradation (Brock & Green, 2003). With that distinction in mind, it has
been shown thatgrazing and recreation are compatible functions of federal land (Wolf
et al., 2017).

While land preservation mightbe seen as a passive activity, ranchers also engage in
the active creation of positive externalities. An example of this would be building stock
tanks that allow wildlife and migratory birds access to drinking water, something
increasingly importantas droughtconditions continue across the Western United States
(Rosenstock et al., 1999). Upkeep of the land is a positive externality that stems from
some ranchers’ desire to maintain the rangeland in a way that it is still accessible to the
public at large.

Many ranchers are motivated to keep the land accessible as a public place of
enjoymentand recreation (McSweeney & Raish, 2012). A 2021 case study by Reiter et
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al. found thata majority of the ranchers polled felt that the public should be made more
aware of the great lengths that ranchers go to protect these open spaces. One
respondentin Reiter et al.’s (2021) study noted that if species conservation was part of
the “greater good,” then the public should supportranchers who help to preserve the
rangeland for native species (p. 2386). In multiple publications, ranchers described
themselves as stewards of the land who protect their ecosystems from negative impacts
such as overdevelopment, excessive removal of resources, as well as maintaining the
integrity of the ecosystem to continue to provide a habitat for livestock, wildlife,and a
wealth of plant biodiversity (Lien et al., 2017; Raish & McSweeney, 2001). Wilmer and
Sturrock (2020) looked to explore the mental state of a rancherto aid in modeling how
decisions are made on a ranch. The rancherin their case study explained how as time
wenton, they realized they had less direct control over the land and environment, which
shifted their decision-making to be more adaptative to the environmental conditions of
any given year. This deference to the land and the corresponding importance on
conservation and environmental protection is theme that repeats across multiple
publications (Lien etal., 2017; Schilling etal., 2015; Wilmer & Sturrock, 2020; Wilmer et
al., 2020).

Ranching generates important social and human value. Ranchers often note being
drawn to theirline of work because of the personal satisfaction they enjoy from an
occupation in nature and agriculture (Lien et al., 2017). They often see one another as
an interconnected community, even when competing for the same market share (Cronk
et al., 2021). The concept of trust is succinctly framed in Falk and Kilpatrick’s (2000)
description as, “the critical componentof any social cohesion” (p. 90). In ranching
specifically, social capital is often referenced in publications as the “trust” ranchers have
between themselves and members of the community that allows them to cooperate in
times of need or when unexpected events disruptnormal ranching functions (Buckley
Biggs, 2022). Ranchers can pull from this bank of social capital during times of
economic and environmental hardship, such as an extended drought, which allows
ranchers to build their adaptive capacity to unforeseen events (Bailey et al., 2019;
Wilmer et al., 2020). Whatis especially interesting considering the individualism that
traditionally defined Western ranchersis a trend to not expect to be repaid for providing
mutual aid to other ranchersin times of need (Cronk et al., 2021). Ranchers view the
larger sense of community (including high levels of rancher participation in cattle
auctions, religious organizations, livestock business associations, 4H groups, and bull
sales) as crucial for sharing information, sourcing outside expertise, and/or facilitating
mutual aid when a member of the community experiences hardship (Cronk et al., 2021;
McSweeney & Raish, 2012; Njuki et al., 2008).
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Alongside the exchange of support, ranching builds identity and fosters diverse skills
and the capacity of adaptive managementin rural communities that can be sustained
from one generation to the next. For the ranching families involved—as well as the
broader community—this notonly provides economic stability, but also works to support
continued agricultural production on the rangeland (Raish & McSweeny, 2001). A 1999
conservation study by Pima County, AZ, highlighted the importance of this generational
transfer of knowledge, stating:

“For ranching and farming families, there is a knowledge and intimacy with
the land that grows out of first-hand experiences. Moreover, they have the
benefit of a wealth of wisdom passed on from previous generations who
lived on the same land and know how to conductthe business of cattle
growing and caring for the land. This fund of knowledge simply cannotbe
learned and understood as well as someone raised in that culture and on
the land.” (Mayro & McGibbon, 1999, p. 21)

Especially notable is that ranchers who identify as multigenerational ranchers
have better resources and knowledge to pull from in instances of drought or other
disasters, compared to first generation ranchers (Wilmer & Sturrock, 2020).

Many of the positive externalities generated from cow-calf and cow-calf combination
operations blend across the fourtypes of capital. A rancher can create human capital by
employing members of the local community. These employees extend the rancher’s
social capital, while theirincreased labor on ranchlands improves the potential for
greater production capital and natural capital (Ait Sidhoum, 2018). Grazing on
rangeland prevents the range from being fragmented into smaller lots (natural capital)
and keeps this land open to be used for produced capital with renewable sources of
energy, such aswind and solar (Anderies et al., 2002). A connection has also been
found with social capital creating a sense of peer-pressure, where ranchers do notwant
to be seen in their community as degrading the natural resources of the region. This
social connection is so strong that it was found thatranchers with better standing in the
community could encourage neighboring ranchers to take up innovative conservation
practices, even without monetary compensation (Kreuter et al., 2006). These examples
are a testament to the complexity inherentin beef livestock production and why the
benefits of ranching are much greater than how many head of cattle a rancher
produces.
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The Cow-Calf System

Today’s beef livestock operations are complex, multifaceted systems with operations
including heterogenous practices and goals. While pastoral imagery exists around
calves being born on-farm and living outtheir lives on adjacent pasture, there are
several distinct phases of livestock production thathave developed to meet consumer
needs, market pressures, and best utilize economies of scale. The cow-calf supply
chain is the dominantbeef production system in the US, particularly in Arizona and
Colorado. It consists of three stages (based on McBride & Matthews, 2011):

(1) Cow-calf: The cow herd is maintained for breeding, gestation, and calving
until calves are weaned between 6 and 9 months of age, where they will
weigh between 400-700 pounds.

(2) Backgrounding or Stocker: Weaned calves are raised mostly on forages,
such as pasture and hay, sometimes in combination with grains, in order
to increase their maturity and weight (by 200-400 pounds) before placing
them in a feedlot.

(3) Feedlot: Calves are finished with a combination of forage and grain to
reach a slaughterweightof 1,000-1,500 pounds. Lastly, they are sold to a
slaughterhouse for processing and packing. In some cases, the producers
retain the ownership of the calves throughoutthe different stages and until
they are finished in the commercial feedlot.

American beef production has consistently trended )
A cow-calf program’s

towards specialization and consolidation. Cow-calf , ,
i the first step in beef livestock producii biggest ben efitEls]
operations are the first step in beef livestock production, comes from their biggest

where mature cows are bred and new calves are born. A hurdle:
cow-calf program’s biggest benefitalso comes from its

biggest hurdle: access to land. The majority of a cow-calf

programs’ feed comes from foraging on pasture rather than from more expensive
supplemental feed. If a farmer does not have access to productive pastures, however,
they may find theirland does not support a cow-calf operation (Fairbairn et al., 2020).

The grass-fed beef supply chain is a growing alternative to the conventional cow-calf
supply chain. It still is small, however, accounting for less than 5% of the beef produced
inthe US (Bauman, 2021). It is defined as one in which the beef cattle are raised on
grazed or stored forage for their entire lives, including through finishing. Most
commonly, grass-fed cattle spend their entire lives on a single ranch or farm, differing
distinctly from the grain-fed system. As grass-fed production grows, grass-based
backgrounding and feedlot operations may emerge, but to date this has not occurred.
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Grazing Fees

In the West, land is comprised of a patchwork of private and public lands. Due to the
large amount of forage needed in cow-calf and cow-calf combination operations,
ranchers often depend on public grazing permits to remain economically viable (Arnett,
2019). With Western expansion, best quality rangeland was often settled, but ranchers
continued to graze on unsettled public rangelands to supplementlimited private forage
for their cattle. In response to decreased range health from overgrazing, the Forest
Service (FS) established a federal grazing fee and leasing policy for rangelands in 1906
(Vincent, 2019). Non-FS federal lands did not fall under regulation or have designated
grazing allotments until the Taylor Grazing Act (TGA) of 1934. Requested by Western
ranchers for increased grazing access, TGA established a Grazing Service Agency to
administer grazing fees and permits (Merrill, 2002).

In 1946 the Grazing Service Agency and General Land Office were merged to create
BLM. Combined, the FS and BLM manage more than 98% of Federal grazing land
today, with the remaining 2% managed by eight other agencies for land management
purposes such as the US Fish and Wildlife Service that uses grazing to reduce less
favorable grasses to promote prioritized bird species, or the US Department of Defense
using livestock to maintain a favored grass height (GAO, 2005). Most of the land
managed by the FS and the BLM is Western land, with a significantamountin
rangeland. BLM manages 245.7 million acres with 154.1 million acres available to
graze, and a total grazed acreage of 138.7 million in FY2017. The FS manages 192.9
million acres with 93 million acres available to graze, and a total grazed acreage of 74
million in FY2017 (Vincent, 2019).

BLM and FS grazing fees are both based on a formula from The Public Range
Improvement Act (PRIA) of 1978 (OFR, 2016). PRIA established a fee formula to
determine grazing fees on Western lands and was later permanently extended through
PresidentReagan’s Executive Order 12548 in 1986 (OFR, 2016). The PRIA formula:

“Equalsthe $1.23 base established by the 1966 Western Livestock
Grazing Survey multiplied by the result of the Forage Value Index
(computed annually from data supplied by the Statistical Reporting
Service) added to the Combined Index (Beef Cattle Price Index minusthe
Prices Paid Index) and divided by 100; provided, that the annual increase
or decrease in such fee for any given year shall be limited to not more
than plus or minus 25 percent of the previous year's fee, and provided
further, that the fee shall notbe less than $1.35 per animal unitmonth.”
(Executive Order 12548)
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Using the 1966 base of $1.23, grazing fees underthe PRIA formula are adjusted
according to three variables: current private grazing land lease rates, beef cattle prices
and the cost of livestock production (BLM, 2021b). While both the FS and BLM use the
PRIA formula, FS uses head-month units (HD-MO), and BLM uses animal unitmonth
(AUM). The units are fairly equitable, and result in a uniform grazing fee for FS and BLM
land (they have charged the same rate since 1981). Federal grazing fees cannotbe
25% higher or lower than the previous years and even with allowable changes they
have remained relatively stagnantover time (Vincent, 2019).

The low and stagnantfees charged for public grazing in the West have been subject to
public debate, with some pushing foran end to federal grazing and others calling for an
increase in grazing fees, which they feel subsidizes ranching on public lands (Cody &
Baldwin, 1998; Maxwell, 2019). Such debate is often connected to negative perceptions
of grazing’s impact on wildlife as discussed earlier, a lack of cost recovery for program
administration, or arguments that pricing is not equitable to non-federal grazing leases,
which are priced much higherdue to bidding systems or formulas used in pricing (GAO,
2005). Ranchers advocate that the currentfee system is fair; BLM and FS land is often
lower quality than private or state land in the West, with less services and amenities
provided along with many non-fee costs including maintenance costs, the cost of public
use on therangeland, and a higher price paid for the ranch due to its position regarding
federal land (Burns & Schick, 2016; Glaser et al., 2015; Pianin, 2014). In short, grazing
fees are a contentious elementof ranchingin the West, and multiple-use functions of
public lands mustbe considered when analyzing cow-calf and cow-calf combination
systems.
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Dependencies and Stocks of Capital at
the Regional Level

Model 1. Quantifying Dependencies of the
Market Value of Cattle Production

To quantify the dependencies of the market value of cattle production, the most
important “private” provisioning service from rangelands, on the four capitals, we
developed a statistical model of the gross value of the sales of cattle and calves
reported in the last Census of Agriculture (USDA NASS, 2017i) as a function of
variables representing each of the capitals obtained mostly from the Census (USDA
NASS, 2019). We use data from most counties® in the eight states of the West Mountain
region of the US.

For natural capital, we use the score of the first principal componentderived from a
Principal Component Analysis (PCA) on the average annual biomass production of
Annual and Perennial Forbs and Grasses in pounds per acre (AFG and PFG
respectively) and their coefficients of variation calculated over a 31-year period (1986-
2017). The data was obtained from the Rangeland Production Dataset (Rangeland
Analysis Platform, 2022.)

For social capital, we use two variables. The firstis a county-level index of social capital
developed by Rupasinghaetal. (2006) calculated for 2014 downloaded from
https://aese.psu.edu/nercrd/community/social-capital-resources/social-capital-variables-
for-2014/social-capital-variables-spreadsheet-for-2014. Thisindex s the score of the
first principal componentderived from a PCA of the number of different types of
organizations per capita, the percentage of voters who voted in presidential elections,
the county-level response rate to the Census Bureau’s decennial census, and the
number of tax-exempt non-profitorganizations per capita, by county. While the original
index was calculated for all countiesin the US, here we re-calculated the score only for
countiesin the Western states to reduce extraneous variation. The second variable is
the Simpson diversity index of cattle operations of differentscale® presentin a county.

SFor some counties there was no data reported due to confidentiality and for a few others, no cattle were
produced there.

6 The Simpson diversity index was calculated based on the proportion of operations (ranches) grouped
into seven categories based on the number of head of cattle held: (1-9), (10-19), (20-49), (50-99), (100-
199), (200-499) and (500 or more) as reported in the Census of Agriculture 2017 (USDA NASS, 2017a).
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For human capital we use three variables reported in the Census of Agriculture:
diversity of ages of principal producers (USDA NASS, 2017c), paid labor, and unpaid
labor (USDA NASS, 2017d). Labor is probably one of the best indicators of human
capital available fora production process, as it reflects the skills and motivations of
those involved. The amount of paid labor reflects the stock of workers with the
necessary skills to be hired. The amountof unpaid laboris most likely related to the
principal operators (ranchers) and their families since they are the most likely workers
notto be paid. There is a strong correlation between the number of unpaid workers and
personsin the household of principal producers (0.96). Because the number of paid and
unpaid workers reported in the Census is for all farming activities and not specific for
ranching, we use the average number of workers in the county for both categories to
reduce potential biases.’ Diversity of ages shows a mixture of experience (older
ranchers) and innovation and risk taking (younger ranchers) that should positively
influence the creation of benefits and the management of costs from cattle production.

For produced capital, we use two variables. The first is the asset value of buildings and
land plus the asset value of machinery measuredin $ weighted by the ratio of the
number of operations with cattle including calves to the total number of operations with
asset value (USDA NASS, 2017e, f).8 The secondis a county-level Gini coefficient
calculated on the distribution of the number of head of cattle by the size of operations
(calculated with data from USDA NASS, 2017a). For example, according to the last
Census of Agriculture, across all Western states less than 7% of operations, those with
500 head or more, accounted for almost 70% of all head of cattle, while operations with
less than 10 head accounted for 34% of operations butless than 1% of all head of
cattle. For the Western states this translates into an overall Gini coefficientof 0.8. A
high Gini coefficientindicates thata small proportion of operations concentrate most of
the cattle, thus achieving high economies of scale. It has been documented that
economies of scale in cattle production are associated with operations with higher
profitability and adoption of new technologies (McBride & Mathews, 2011). So, this
index can be interpreted as reflecting the profitability of cattle operations at the county
level.

We also included the number of operations in a county to correct for the fact that
counties with more operations may have larger inventories and higher sales. Since our

7 In the case of unpaid labor, there was a very high correlation between the number of unpaid workers
and the number of operations, so to avoid multicollinearity we use the average number instead. We
checked for multicollinearity using the average number of unpaid workers and there was no problem.

8 This variable had to be weighted because as reported in the Census of Agriculture it refers to all farming
operations, not just operations with cattle and calves. The weight is the ratio of the variable “AG LAND,
PASTURELAND, (EXCL CROPLAND & WOODLAND) - NUMBER OF OPERATIONS” to the variable
“AG LAND, INCL BUILDINGS- OPERATIONS WITH ASSET VALUE” per county.

32



focusis on cow-calf and cow-calf combination operationsin rangelands, butthe gross
value of the sales of cattle and calves includes animals in dairy operations and cattle on
feed, we included two covariates to accountfortheir impact on the dependentvariable:
the share of operations with milk cows and the share of operations with cattle on feed
relative to the total number of operations with cattle.

Finally, we included a series of indicator variables for each state to take into account
unobserved factors in each state that could influence the regression outcome, such as
differences in history, policies, or infrastructure.

We use Ordinary Least Squares to estimate the model. Regression results (Table 3)
show that all indicators of the different capitals were statistically significantindicating
that they contributed to the gross value of sales of cows and calves in 2017. For ease of
interpretation, we report only the sign of the relationships and the levels of significance
for the effects (quantitative coefficients are presented in Appendix F, Table F1). The
total value of the sales of cattle for the 236 counties included in the regression was
$9,003,368,000, while the average value of the sales of cattle per county was
$38,149,864 (USDA NASS, 2017i).

For natural capital, the score of the indicator variable was positive. Given that this score
has a strong and positive correlation with average biomass production of perennial forbs
and grasses (PFG) (0.70), and strong and negative correlations with the coefficients of
variation of both variables (AFG=-0.73, PFG=-0.65), thisindicates that counties with
higher average annual biomass productivity of PFG and lower variability in both AFG
and PFG generate higher gross value.

For social capital, the county-level index of social capital was positive. This indexis
highly and positively correlated with the number of different tax-exempt non-profit
organizations and the number of types of organizations per capita in a county (0.91 and
0.85 respectively), indicating that the social capital of the county contributes positively to
gross value.

The Simpson diversity index of cattle operations of different scales has the largest
statistical significance of all variables. Thisis a novel result, suggesting thathaving
more diversity of operations of differentsizes contributes to creating multiple business
opportunities for supporting goods and services, job opportunities, as well as smaller
operations benefiting fromthe services that the presence of larger operations enable.
This is a relationship that merits further research to confirmthat in fact this diversity
creates a richer social environmentthatis conducive to more profitable ranching
operations as a group, notjust individually.
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For human capital, paid labor is associated with the gross value of cattle sales. The
positive association of diversity of ages suggests that having a mixture of ranchers with
differentlevels of experience and capacities is positive for generating value in cattle
production. The negative association of unpaid laborindicates that counties with a
higher average number of unpaid workers generate lower gross value of cattle sales.
Sinceranchers and their families are the most likely to be unpaid workers, it may reflect
ranchers’ willingness to accept lowerreturns on investmentand be involved in ranching
for motivations that go beyond profit-making, probably due to non-market interests such
as lifestyle or identity (e.g., Gentner & Tanaka, 2002; McSweeney & Raish, 2012; Torell
et al., 2001).

Table 3. Regression results. Dependentvariable: Natural log of the gross value of the
sales of cattle and calves 2017 ($).

Explanatory variable Natural log of the gross value

of the sales of cattle and
calves (USD)

Intercept

Natural Capital

Principal Component 1 (+)***

Social Capital

Social capital index (+)*

Diversity of scale (F)r***

Human Capital

Average number of paid workers/operations (+)**

Average number of unpaid workers/operations (-)**

Diversity of ages of principal operator (F)****

Produced Capital

Value of assets building, land, machinery ($) (F)Frx*

Gini coefficient (F)*Frx*

Covariates

Number of operations with cattle (+)**

Share of cattle on feed (F)x***

Share of milk cows

Arizona

Colorado

Idaho (-)*

New Mexico

Nevada

Utah (-)*

Wyoming
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Significance at the .10, .05, .01, .001 level indicated by *, **, *** ****for g two-tail t-test.

Produced capital and the value of assets is highly associated with the gross value of
cattle production. The Gini coefficientalso has a positive and highly significant
association with the gross value, indicating that counties with a few larger ranches
generate higher gross value which is consistentwith the idea that they reflect high
economies of scale and thus profitability.

In terms of the covariates, the number of operations with cattle as well as the share of
operations with cattle on feed have positive associations with gross value. However,
share of operations with milk cows has a negative association. The share of operations
of cattle on feed indicates that more intensive production led to higher gross value,
while the share of operations with milk cows may indicate the lower value of milk cows
when sold. Table 4 presents the elasticities of the gross value of the sale of cows and
calves ($) with respect to each of the indicator variables for the four capitals, as well as
the monetized value of their marginal contribution based on those elasticities. An
elasticity represents the percentage change in the dependentvariable for 1% changein
an independentvariable. An advantage of reporting elasticities is that they are unitless,
so they are comparable. This is particularly useful for variables that are either scores
derived from a PCA or from an index of diversity. The diversity of ages of principal
operators hasthe highestelasticity, followed by the diversity of operations, both of
which are very large. So, a 1% change in diversity of ages increases the value of the
gross sales of cattle by 6.2% and a similarincrease for diversity of operations increases
the gross sales by 5.2%. These increases are very large, larger than the increases
associated with an increase in the Gini coefficientof 1.91% which is associated with
increased profitability. The importance of these variables is clear by the large,
monetized value of their marginal contributions.
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Table 4. Elasticities of indicator variables for the four capitals and the monetized value
of their marginal contributions.

Natural Capital Elasticity Marginal value
(A%Y/1% AXx) of contribution
($, 2020)2
Principal Component 1 1.051 373,067
Social Capital
Social capital index 0.200 70,952
Diversity of scale 5.243 1,861,209
Human Capital
Average number of paid
workers/operations 0.194 68,920
Average number of unpaid
workers/operations -0.624 (221,404)
Diversity of ages of principal operator 6.270 2,225,791
Produced Capital
Value of assets building, land, machinery
(USD) 0.762 270,588
Gini coefficient
1.913 676,054

a2 Original values in $ of 2017 updated in the table to $ of 2020 using PPI Commodity from farm
products-livestock® to make them comparable with the True Cost estimates presented later.

Elasticities were derived from the coefficients in Table 3 (see Appendix F, Table F1)
which are semi-elasticities, evaluated at the mean value of each independentvariable.
Marginal value of contribution was evaluated at the mean value of the dependent
variable per county across the eight states of the Mountain Western region.

These results suggestthat there are emergent properties that have to do with
interactions among ranching operations at the county-level and thatgo beyond their
individual characteristics, and after correcting for more conventional factors such as
paid labor, value of assets, biomass productivity, and number of operations.
Furthermore, these results show the important dependencies of the key market value
generated by cattle production on non-marketaspects of both social and human
capitals. Unfortunately, we do not understand the mechanisms that mediate these
interactions and that underpin these emergent properties.

9 PPl Commodity from farm products-livestock
(https://beta.bls.gov/dataViewer/view/84ec40f9349b4005b4f9278986¢c1cdf4).
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Model 2: Quantifying Dependencies and
Desirable Ranch Outcomes

Model 2 is a statistical analysis using secondary data to understand the relationship
between the capitals and gross income from ranching, rotational grazing decisions,
participation in the Environmental Quality Incentives Program (EQIP) as a proxy for
engagementin government programs, profitability, and multigenerational ranch transfer.

This analysis addresses the question: whatis the effect of the stocks of wealth on
differentlivestock outcomes? We believe that this approach is useful to begin to
guantify the relationships between differenttypes of capital and livestock outcomes.

Methods

Following Schmitetal. (2021) and Jablonski et al. (forthcoming), we use a multivariable
indexing approach relying on principal components analysis (PCA) to define our stocks
of community wealth.1® A PCA is the same instrumentused earlierin this report,
Dependencies and Stocks of Capital at the Regional Level. Schmitet al. (2021)
conducted a comprehensive literature review that identified multiple variables
associated with measures of community capital stocks. The resultis a set of indicators
for each of the capital assets from secondary data at the county level for the Western
us.

To accountfor private built capital, the variables include the number of food and
beverage manufacturing establishments and other manufacturing establishments per
10,000 people (Table 5). Publicinfrastructure variables include access to fixed
advanced telecommunications (i.e., high-speed internet access) and proximity to
interstate highways.

Variables associated with tangible cultural capital include the number of public libraries,
museums, creative industry businesses per 100,000 people, and the percentage of
workers employed in the arts. For intangible cultural capital, they include aracial/ethnic
diversity index based on six ethnic categories tracked by the US Census: White not
Latino, African American, Native American, Asian American, Latino, and Other.

Financial capital is defined over stocks of both private and public wealth. For private
wealth, they include the number of owner-occupied units without a mortgage per capita
and the level of deposits to FDIC-insured institutions per capita. For public wealth, they
use county governmentcash and security holdings net of governmentdebt per capita.

10 For more information on PCA please see Appendix D.
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They include the percentage of the adult population with a bachelors, graduate, or
professional degree as a measure of educational and skills components of human
capital. They include Z-scores that represent physical and mental health with respect to
today’s health (health outcomes z-score) and tomorrow’s health (health factors z-score).
They also include the percentage of the population defined as food secure, having
health insurance, and the number of primary care physicians per 10,000 people.

To capture renewable and nonrenewable aspects of natural capital, variables include
the Natural Amenities Scale (NAS) designations, the percentage of acres defined as
prime farmland, and the percentage of acres covered by conservation easement.
Additionally, they include the collective percentage of acres enrolled in the Conservation
Stewardship Program, Conservation Reserve Program, Environmental Quality
Incentives Program, Grassland Reserve Program, Wetland Reserve Program, Wildlife
Habitat Incentive Program, emergency watershed/floodplain designations, trees for
timber, wildlife food plots, and woodland/native understory, much of which includes
farmland conversion for environmental purposes. They include the percentage of acres
owned and managed by the US Forest Service (USFS, 2017). In addition to the natural
capital indicators used by Schmit et al. (2021), we add in some natural capital indicators
for annual and perennial biomass to better reflect rangelands and thus natural capital in
the Western US. These indicators include the average annual biomass production of
Annual forbs and grasses (Afg_ppa) and of Perennial forbs and grasses (Pfg_ppa) in
pounds per acre (PPA), as well as the coefficients of variation (Afg_ppa_cv,
Pfg_ppa_cv)for both types of biomass production for all counties in the Western
Mountain region, calculated for the period 1986-2017. The data was obtained from the
Rangeland Production Dataset (Rangeland Analysis Platform, 2022).

Schmitet al.’s (2021) measure of social (including political) capital follows Rupashinga
et al., (2006, with updates) based on the number of social business establishments per
1,000 people, percent voter turnout, Census response rate (respn10), and the nu mber
of nonprofitorganizations excluding those with an international focus per 1,000 people.
We also include negative social capital indicators. Social capital has been critiqued for
making it appear that everyone has access to resourcesin a classless social order
(DeClercqet al., 2012). In this vein, social capital can be viewed as wealth used to
create more wealth only for those with access (Durrenberger, 2002). Similarly, Putnam
(2001) considers organizations such as the Rotarians, Oddfellows, Knights of
Columbus, and other types of fraternal organizations that may actually undermine
equality. To incorporate aspects that undermine social capital and can be understood as
indicators of negative social capital, we looked to data available at the county level on
crime and drug use. To address this important dimension, we added in five variables to
capture negative aspects of social capital, including: drug poisoning by county,
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robberies by county, aggravated assault by county, burglaries by county, and driving
undertheinfluence by county.

Once the indicators were compiled, following Schmitetal. (2021) and Jablonski et al.
(forthcoming), we used PCA to reduce the dimensionality of the data, facilitating a focus
on the indicators within each capital type that accountfor the most variation. We
followed Kaiser'srule (e.g., Nunnally & Bernstein, 1994) and retained only factors with
eigenvalues exceeding 1.0 and rotated the factor loadings matrix to obtain the highest
possible correlations on the fewest possible factors.

The PCAretained 14 components reflecting the differenttypes of community wealth,
including: two reflecting built capital, one that loaded heavily on establishments —
food/beverage and other, the other on highway and broadband infrastructure; two
reflecting types of cultural capital, one of which we refer to as “arts and cultural
institutions” and one labeled “creative capital”; for financial capital we retained one
componentreflecting financial solvency; two components reflecting aspects of human
capital, including health-related aspects, and health security; three components related
to natural capital, including national forests and variation in perennial biomass, variation
in annual biomass, and prime farmland and annual biomass; and four reflecting social
capital components including negative social capital, death rate and census response
rate, aggregate of social capital, and number of nonprofits. We provide descriptive
statistics for each of the indicators, by type of capital, and the retained principal
componentsin Table 5.

Table 5. Capital asset descriptive statistics.

Variable Description Data Source Mean Std. Dev
PC1 - Built capital — Author-derived 0.00 141
establishments (food, beverage

and other)

PC2 - Built capital — highway and | Author-derived 0.00 1.14
broadband infrastructure

Percent of pop with accessto fixed | Derived from NTIA 11.84 27.19
terrestrial broadband at 225 mbps | State Broadband

download/3 mbps upload, June Initiative (2011) data

2011

Inverse of population-weighted Dickenet al. (2011) 0.09 0.12
mean distance in km to the

nearest interstate highway on-

ramp or intersection, 2007

Food and beverage manufacturing | US Census Bureau 2.64 9.49
establishments per 10,000 people, | (2014)

2015
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Other manufacturing US Census Bureau 14.29 68.90
establishments per 10,000 people, | (2014)

2015

Cultural Capital

PC1 - Cultural capital - arts and Author-derived 0.00 1.35
cultural institutions

PC2 - Cultural capital - creative Author-derived 0.00 1.21
capital

Percent of workforce employedin | USDA ERS (2014), US | 15.37 6.11
the arts (creative class), 2007- Census Bureau (2014)

2011

Public libraries per 100,000 Kushner and Cohen 27.69 35.94
population, 2012 (2018)

Creative industry businesses per Kushner and Cohen 248.62 198.26
100,000 population, 2009 (2018)

Author constructed racial diversity | US Census Bureau 3.64 2.03
index from O (no diversity) to 10 (2010a)

(complete diversity), 2010

Museums per 100,000 population, | Kushner and Cohen 39.13 39.96
2015 (2018)

Financial capital

PCL1 - Financial capital - financial Author-derived 0.00 1.16
solvency

Per capita cash and security US Census Bureau 0.76 1.75
holdings less government debt, (2007)

2007

Per capita bank deposits, FDIC- FDIC (2016) 22.94 41.08
insured institutions, 2016

Per capita number of owner- US Census Bureau 6,245.59 18,438.84
occupied units without a mortgage, | (2010b)

2010

Human Capital

PC1 - Human capital — health- Author-derived 0.00 1.59
related aspects

PC2 - Human capital —health Author-derived 0.00 1.15
security

Percent of adult pop with at least a | US Census Bureau 27.14 13.66
Bachelor's degree, 2010 (2010b)

Health Factors Z-Score, 2013 RWJF (2013) 0.00 0.47
Health Outcome Z-Score, 2013 RWJF (2013) 0.00 0.68
Percent of population food secure, | Feeding America 84.56 2.99
2010 (2010)
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Percent of population with health RWJF (2010) 77. 5.88

insurance, 2010

Number of primary care physicians | RWJF (2010) 551 3.34

per 10,000 population, 2010

Natural Capital

PC1 - Natural capital - FSA and Author-derived 0.00 1.49

variation perennial biomass

PC2 - Natural capital — variation Author-derived 0.00 1.25

annual biomass

PC3 - Natural capital — prime Author-derived 0.00 1.25

farmland and annual biomass

Natural Amenities Scale, 1999 McGranahan (1999) 3.04 2.10

Percent of farmland acres USDANRCS (2012) 0.01 0.02

designated as prime farmland,

2012

Percent of total acres with National Conservation | 1.62 2.79

conservation easement, 2016 Easement Database
(2016)

Percent of total acres in USDA FSA (2017) 131 2.78

conservation-related programs and

woodlands, 2017

Percent of total acres in National USFS (2017) 19.93 22.35

Forests, 2017

Afg_ppa Rangeland Analysis | 65.44 87.01
Platform (2022)

Afg_ppa_cv Rangeland Analysis | 0.72 0.26
Platform (2022)

Pfg_ppa Rangeland Analysis | 523.34 292.45
Platform (2022)

PFG_ppa_cv Rangeland Analysis | 0.18 0.10
Platform (2022)

Social Capital

PC1 - Social Capital - negative Author-derived 1.02 141

PC2 — Social Capital — death rate | Author-derived 0.00 1.26

and census response rate

PC3 - Social Capital — aggregate | Author-derived 0.00 1.20

of social capital variables

PC4 — Social Capital — number of | Author-derived 0.00 1.15

nonprofit orgs

Number of social establishments Rupasingha, et al. 1.16 0.79

per 1,000 population, 2009

(2006)

41




Percent of eligible voters that Rupasingha, et al. 61.48 10.89
voted, 2008 (2006)

US Population Census response Rupasingha, et al. 61.41 14.11
rate, percent, 2010 (2006)

Number of nonprofit organizations | Rupasingha, et al. 10.92 21.75
per 1,000 population, 2009 (2006)

Drug poisoning by county (Model CDC (2014) 17.83 5.48
based death rate)

Robberies by county, 2014 USDJ FBI (2014) 0.00 0.00
Aggravated assault by county, USDJ FBI (2014) 0.00 0.00
2014

Burglaries by county, 2014 USDJ FBI (2014) 0.00 0.00
Driving under the influence, by USDJ FBI (2014) 0.00 0.00
county, 2014

Dependent Variables

Gross income from ranchingas a | USDA NASS (2017i) 0.48 0.27
percent of total agricultural sales in

2017, per county in 2017

Share of operations that USDA NASS (20179) 0.38 0.16
participate in rotational grazing in

2017, per county

EQIP participation in 2014, per USDA NRCS (2012) 53.02 52.38
county

Share of multigenerational USDA NASS (2017h) 0.12 0.06
livestock operations in 2017, per

county

Share of livestock operations that | USDA NASS (2017h) 0.42 0.16
are profitable in 2017, per county

Control Variables

Percent of the population below US Census Bureau 27.73 7.36
the poverty line in 2014 (2014)

Rural-urban continuum code USDA ERS (2016) 0.05 0.22
(RUCC) 1 (large metro) 2013

RUCC 2 (medium metro) 2013 USDA ERS (2016) 0.08 0.28
RUCC 3 (small metro) 2013 USDA ERS (2016) 0.10 0.30
RUCC 4 (nonmetro, adjacent to USDA ERS (2016) 0.06 0.24
metro with large town) 2013

RUCC 5 (nonmetro, not adjacent USDA ERS (2016) 0.06 0.23
to metro with large town) 2013

RUCC 6 (nonmetro, adjacent to USDA ERS (2016) 0.12 0.33
metro with small town) 2013

RUCC 7 (nonmetro, not adjacent USDA ERS (2016) 0.25 0.44

to metro with small town) 2013
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RUCC 8 (nonmetro, adjacent to USDA ERS (2016) 0.06 0.25
metro, completely rural) 2013

RUCC 9 (nonmetro, not adjacent USDA ERS (2016) 0.21 0.41
to metro, completely rural) 2013

Arizona 0.05 0.23
Colorado 0.22 0.42
ldaho 0.16 0.36
Montana 0.20 0.40
Nevada 0.06 0.24
New Mexico 0.12 0.32
Utah 0.10 0.31
Wyoming 0.08 0.28

Note: Indicators to measure the stocks of wealth are taken directly from Jablonski et al.
(forthcoming), which follows Schmit et al. (2021), except for their additional indicators for built
capital that use food and beverage manufacturing establishments and other manufacturing
establishments. We exclude these two variables, given that they are captured in our dependent
variables.

We use publicly available Census of Agriculture data (2017) to get county level data on
total sales from livestock operations and all of agriculture to calculate livestock sales as
a percent of total agricultural sales for each county!!. We use restricted access Census
of Agriculture microdata (2017)'2 to calculate the share of multigeneration livestock
farms, share of profitable livestock farms, and share of livestock farms participating in
value-added activities in each county. Additionally, we use data from the National
Resource Conservation Service (USDA NRCS 2012; https://hensen.shinyapps.io/eqip/)
on producer participation in Environmental Quality Incentive Programs (EQIP), to
calculate EQIP participation, used as a proxy for engagementin governmentprograms.

Econometric specification

We estimate separate models to understand the relationships between community
wealth and five dependentvariablesincluding: livestock sales as a percent of all
agricultural sales, rotational grazing, EQIP participation, share of multigenerational
livestock operations, and share of livestock operations that were profitable in 2017. We
include percentof the population below the poverty line, location along the rural-urban
continuum (proxy for rurality), and state as control variables. We run a Global Moran I's
Test and a Lagrange multiplier test to determine if there is spatial dependence

11 45 counties did not report sale amounts due to confidentiality. These counties are considered missing
data.

12 we are missing data from two counties in Colorado, one county in New Mexico, and one county in
Nevada.
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(autocorrelation). In other words, it evaluates if patterns are clustered, dispersed, or
random.

Spatial regression methods allow us to accountfor dependence between observations,
which often arise when observations are collected from points or regions located in
space. In other words, data collected in space are often notindependent, butrather
spatially dependent, meaning that observations from one location tend to exhibitvalues
similar to those from nearby locations.

We find evidence of spatial autocorrelation in all models with the exception of EQIP
participation. Accordingly, to determine the best spatial model to use, we conducta
Lagrange multiplier test for spatial dependence and based on these tests, we estimate a
Spatial Durbin Error Model (SDEM) to accountfor both spatial autocorrelation and
spatial spillover effects.

We regress the county-level outcome variables on the 14 asset indices defined above
(Kij, j = 1 to 14). As controls, we include Rural Urban Continuum Codes (RUCCir,r=1to
8)!2 to accountfor the effects of population size and urbanicity of communities, state-
level fixed effects (Sn, n=7)14 to capture unobservable differences in factors associated
with each state that may affect our dependentvariables, and proportion of the
population below the poverty line (Pi) to capture effects of poverty on our dependent
variables (equation 1).

14 8 7
(1) Dependent variable = o + } B},H” + ¥ b .‘1‘.[1"117422',r + Y05 + J'LJP, + e
4 .I'=1 r=1 r [ a=1 nn [ 4

Results

Here we report the results from the Spatial Durbin Linear Model for the capital stock
variables in the own county (local) and in neighboring counties due to spatial spillovers
(global) (Table 6). For ease of interpretation, we report the sign of the relationships and
the levels of significance for direct and indirect effects. Regression results exclude
RUCC, population, and state fixed effects coefficients (quantitative coefficients are
presented in Appendix F, Table F2).

13 There are nine RUCC categories, we left out the most rural classification (RUCC 9: completely rural or
less than 2,500 urban population, not adjacent to a metro area) due to linear dependence among these
variables.

14 we leave out Wyoming due to linear dependence among these variables.
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Own® county statistically significant positive associations between the capital stock
variables and at least one outcome variable are evidentfor built capital - establishments
(percent profitable), built capital — highway and broadband infrastructure (percentmulti-
generational), cultural capital — creative capital (rotational grazing, percent profitable,
percent multi-generational), human capital — health related aspects (rotational grazing,
EQIP participation, percent multi-generational, percent profitable), human capital —
health security (percent livestock sales, EQIP participation, percent profitable), natural
capital — FSA and variation perennial biomass (percent profitable), natural capital —
variation annual biomass (percent multi-generational, percent profitable), social capital —
negative (percent livestock sales, rotational grazing, percent multi-generational), social
capital — death rate and census response rate ( rotational grazing, percent multi-
generational), social capital — aggregate of social capital variables (percent multi-
generational, EQIP participation), and social capital — number of nonprofit orgs ( percent
livestock sales, EQIP participation). Collectively, these results suggest that the capital
stocks have the most county-based effecton percent profitable, and percent multi-
generational followed by rotational grazing. EQIP participation and percent livestock
sales appear to be less impacted by the stocks of local assets.

Some of the coefficients of the spatial lagged capital stock variables are statistically
significantin the Spatial Durbin Linear Model, including built capital — establishments
(percent livestock sales, rotational grazing, and percent profitable), cultural capital — arts
and cultural institutions (rotational grazing, percent profitable), human capital — health
related aspects (percent profitable), human capital — health security (percent profitable),
natural capital - FSA and variation perennial biomass (rotational grazing, percent
profitable), natural capital — variation annual biomass (percent multi-generational),
natural capital — prime farmland and annual biomass (percent livestock sales), social
capital — negative (percent multi-generation), social capital — death rate and census
response rate (rotational grazing, percent profitable), social capital — number of
nonprofitorgs (EQIP participation, rotational grazing). These results suggest that some
of the capital stocks have spillover effects on neighboring counties and vice versa,
especially on percent profitable and rotational grazing. Interestingly, the only capital
stock with statistically significant spillover effects on EQIP participation is social capital -
number of nonprofitorgs.

15 own meaning the county where the data is from.
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Table 6. Spatial Durbin Linear Model results, local and global.

Explanatory Variable Percent Rotational EQIP Percent Percent
livestock sales grazing participation multi- profitable
generational
Built capital — establishments Direct ()"
(food beverage and other) Indirect (-) )~
Built capital — highway and Direct (+) O
broadband infrastructure Indirect (+)
Cultural capital — arts and Direct
cultural institutions Indirect (+) (+)”
Cultural capital — creative capital Dlrgct ) ) )
Indirect
Financial capital — financial Direct
solvency Indirect ) )
Human capital — health-related Direct (+)™ ()" (+)™ ()™
aspects Indirect (+)”
: . Direct ()™ ()™ O

Human capital — health security indirect BE O
Natural capital — FSA and Direct ()™
variation perennial biomass Indirect (-)**
Natural capital — variation annual | Direct (+)™ (+)™
biomass Indirect -)* -)*
Natural capital — prime farmland | Direct
and annual biomass Indirect (+)**

. . . Direct (-)** (-)** (+)*
Social Capital — negative indirect o) O
Social Capital — death rate and Direct (-)** (-)**
census response rate Indirect (+)**
Social Capital — aggregate of Direct (-)**
social capital variables Indirect (+)**
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Social Capital — aggregate of Direct (F)**=* (+)*

social capital variables Indirect (-)**
Constant D D B D5 B
Observations 201 235 211 234 234
Lambda (+)™

Notes: "p”p™p<0.01, results are only shown for the principal components.
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Considering the results in our model that are statically significantboth at the local and
global level suggests that built capital related to establishments, human capital-health
related aspects, human capital-health security, natural capital — FSA and variation
perennial biomass impact the percent of livestock operations that are profitable. Built
capital — establishments and human capital — health security have negative associations
with the percentof livestock operations that are profitable. Natural capital - FSA and
variation perennial biomass have positive associations at the county level, and negative
spillover effects on neighboring counties. Human capital — health related aspects is the
only PC that has a positive association both at the county and neighboring-county level
with percent of livestock operations that are profitable. Additionally, natural capital —
variation annual biomass appears to promote the percent of operations that are multi-
generational and the percent of livestock operations that are profitable.

Overall, results reveal important relationships between different stocks of assets and
livestock-related outcomes at the county level. These relationships have financial value,
as is evidentwith the many significant positive and negative associations we see with
ranch profitability in particular. Additionally, we find evidence thatthe stocks of wealth in
one county impact differentranching outcomes in neighboring counties; thus, there are
spatial feedback loops whose financial value also needs to be considered. Therefore,
the primary contribution of this research to the TCA framework is understanding the
types of wealth thathave positive or negative associations (and therefore financial value
- both positive and negative) with several ranch outcomes in our specific context of the
Western US. These results and this research can help policymakers, philanthropy, and
other stakeholders to understand the types of wealth that may help to realize the
specific range-system outcomes they wantto incentivize.

A limitation of this research is that we were unable to fully value these relationships.
Accordingly, a key next step to supportthe future of TCA is to quantify the marginal
effects of the stocks of wealth that positively or negatively contribute to the ranch
outcomes (profitability would be particularly straightforward as it has a clear financial
value). Doing this would enable one to understand the value of additional stocks of
wealth in financial terms. The challenge is that for this analysis we were unable to
calculate marginal effects on principal components. And thus, this step of the work is left
to future research.
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Ranch-Level Analysis

Case Studiesin Arizonaand Colorado

Methods

Eleven ranchers1® were selected, six in Arizona and five in Colorado, for in-depth case
studies to better understand how to apply TCA methodologies to beef livestock
production. The case studies are nota random sample, they are composed of ranchers
and operations that already work closely with CSU or were connected to us through our
Stakeholder Advisory Board, and who were willing to participate in the study!’. Due to
the network sampling process used, our sample is not a random sample, rather the
case studies likely represent a “good” case scenario of ranchers who are well
connected, were interested to take the time to participate in our study and—as will be
shown in the results— look at ranching as a business and also take other
considerations, (i.e., the environment, biodiversity, and social capital) into accountin
their decision-making.

Ranchers’interviews and discussion

There were several rounds of interviews and discussions with the ranchers. Due to
COVID, thefirst round of discussions took place by Zoom. During thisround, the
research team introduced itself to each rancher, explained the objective and rationale of
the study, and addressed any doubts or questions fromthe study participants. The
research team then held a discussion with the ranchers on the general aspects of their
operations to familiarize themselves with the different procedures and goals of the
ranchers. This was followed by visits to each ranch in Arizona by a team of two
researchers to apply a questionnaire, butalso involved personal interactions and
discussions with the ranchers on topics that emerged during the visit. These interactions
were noted and recorded with the ranchers’ authorization and then transcribed, coded,
and organized by common topics. In Colorado, since the CSU team was already familiar
with the ranchers, the questionnaires were sent to the ranchers who answered them
independently and returned them to the CSU team. There were no face-to-face
meetings at that stage, but subsequently, the ASU team conducted a series of Zoom
interviews with those Colorado ranchers to provide a similar opportunity to elicitviews

16 The original study design included 12 ranches, six in Arizona and Colorado each. Unfortunately, one of
the ranches in Colorado did not provide a completed questionnaire, though it did provide some other
information, leading to varied sample size depending on the method.

17 Ranchers were compensated for participation in this study.
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as in Arizona. The resulting qualitative data was recorded, coded, and organized by
common themes as well.

Questionnaire

The questionnaire elicited general information aboutthe ranch, as well as specific data
on various aspects of social, natural, human, and produced capitals. Most of the
qguestions provided pre-selected and coded answers, but open answers could be given
and were recorded and coded. Additional comments and clarifications fromthe rancher
were included in the answers to the coded questions as well.

Produced capital included information on the number of animals managed, marketing,
profitability, income, ranching infrastructure, internet, and cell access. Natural capital
aspects included the number of acres managed, land tenure, energy use, fertilizer
applications, irrigation, water use, its conservation and pollution, and biodiversity
(particularly wildlife). For social capital, aspects included questions on the rancher’s
participation in organizations that supportranching, a subjective rating of theirvalue in
terms of the contribution of differenttypes of knowledge, information and support, and
willingness to participate in collective action. For human capital, aspects included ranch
management experience, creation of rural employment, succession planning, living
conditions, access to healthcare, levels of revenue, income, and savings, as well as a
subjective rating of their quality of life. Ranch managementreflects experience, general
knowledge and local knowledge, skills, planning and decision-making capabilities—all
key indicators of human capital—and this information was reported in this section. It
also included data on planning, decisions on stocking rate, breeds used and breeding
and culling strategies.

The quantitative data elicited through the questionnaire consists mainly of the counts of
the number of ranchers that provided a particular answerto the questions. These data
points were used to develop a descriptive narrative characterizing the dependencies
and impacts of the ranchesin the four capitals. The quantitative results were
complemented with qualitative information elicited during the application of the
guestionnaire and interviews.

Results of the case studiesin Arizonaand Colorado

Results are presented as a narrative combining quantitative data from the respon ses to
the questionnaires and quotes from discussions during the interviews by type of capital.
The number of responses behind each statementis presented eitherin parenthesis or
in narrative form when there were few responses. The quotes were included to help
illustrate ranchers’ experiences across the capitals. We include a sampling of quotes
from ranchersin both Arizonaand Colorado. These quotes have been sourced evenly
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from our recorded rancherinterviews, with no ranch repeated per a category, and have
been anonymized to ensure rancher confidentiality and to prevent associations between
guotes across categories.

Produced capital

Cattle are the main product, or output, of the operations we study, specifically, animals
that are marketed through various channels up the supply chain. The number of heads
of cattle managed at the eleven ranchesin Arizona and Colorado varied greatly, ranging
from 65 to 3,000 head (though most ranches managed < 350). In drier counties, lower
numbers reflect the difficulties of the previous two years of drought (beginning in 2020)
that impacted some operations and created lower than typical herd sizes, since
ranchers indicated thatthey had to reduce their herds to adapt to the lower availability
of forage biomass, livestock drinking water, and to minimize the expense of buying
supplemental feed.

Allranchesin this study are cow-calf and cow-calf combination operations, butsome
ranchers also market cattle through additional channels with direct marketing (grass
finishing on ranch) and the production and sale of seedstock, or are a combination of
cow-calf, stocker/backgrounder, and custom grazing operations.

Most ranchers sell their animals at auction (9 case ranches), retain ownership (6) or use
a private treaty (a closed-sale negotiated personally with the buyer) (5). Only a minority
use other marketing means such as a forward contract (1), direct to consumer sale (1)
or a contractor (1). These are notmutually exclusive categories, so a rancher may sell
some of the calves at auction, some through private treaty, or retain ownership for
others. Most of the sales take place with multiple people and in different places (7) with
the remaining sales having one very reliable and important buyer (4). In most cases, the
relationship between the rancherand important buyers is reliable and consistent (8),
onlyin two cases, the relationship is unreliable, and for another, unimportant. Some of
the ranchers complemented this information by describing some of the strategies they
use to sell their cattle. For example, one rancherindicated that he invested time into
relationship building with the buyerinterested in premium US beef, which allows himto
sell with only seven days’ notice. Anothersaid that the ranch has name recognition at
auction, which leads to higher prices. Another utilizes markets in the City of Phoenix
and has a large local following for direct-to-consumer sales. It is noteworthy thatthis
respondentindicated that COVID wreaked havoc on their direct sales. Some of the
ranchers complemented this information by describing some of the strategies they use
to sell their cattle. For example, one rancher said that, in general, they marketed cattle
to established clientele in differentlocations. Regarding the impact of COVID on their
operations, some of the ranchers said that in early 2020 sales went “through the roof,”
but by the end of year that upsurge in demand had completely disappeared.
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Over half (8) of our producers have operational costs above $70,000. The majority of
the ranchersin Arizona derived more than 50% of their net income from their cattle
operations (4)8, butin Colorado there was greater variability ranging from 30-100% of
netincome derived from cattle operations. Other sources of income included pension,
social security, agritourism (dinners, weddings), or businesses not associated with the
ranch. In the last five years some ranchers reported revenue exceeding costs most (4)
of the time, while for others revenue exceeded costs only some of the time (4). In the
case of the remaining three farms’ revenue rarely or never exceeds costs. While only
two Arizona ranchers have savings!?, all the Colorado ranches have accrued savings. A
rancher said that the goal is to break even and anotherthat, "in ranching thereisno
such thing as profit." Many producers in interviews spoke of market failures and
economic barriers they face in selling their cattle -- the story was one of struggle in an
unfair market where low-prices and a lack of market infrastructure hurts even the best of
ranchers.

“On my marketing side, economies of scale hinder me, because if we
fatten cattle out through the feed yard | am a one hit wonder. JBS [a global
beef buyer] doesn't care. | am a place filler. Okay, we will provide them
with really good cattle, but | have no stick, basically.”°

‘But hey, | mean we would love to be profitable, don't get me wrong, the
reality is breaking even is success.”

“If you have any money left at the end of the year it typically goes right
back in.”

“Found out that the feedlots were going to pay a premium for dehorned
steers, like OK we'll start dehorning steers and then we got a premium.
Well, the year after if you had a horn steer, they cut you right. And so, our
premium turned into normal market price. So then, what's the next step?
What do we have to do next to get the next price low? Then you have to
give an extra shot, or you have to hold your cattle for 45 days after you
wean them and so this premium becomes a discount if you don't do it. The
premium only lasts a year or two. Every time we come up with a better

18 One did not provide information.
19 Two did not provide information.

20 Ranch names are not attributed to guotes to protect anonymity of participants and prevent association
between quotes that may reveal ranch identity. Quotes throughout this section have been evenly pulled
from nine ranch interviews which were recorded and transcribed with two ranchers forgoing aformal
interview.
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thing to do to make ourselves more valuable there's always something
else. And | bet you a dollar that every rancher you talk to will say that in
some capacity. It's just how itis. So now our calves are dehorned and
keeping calves for 45 days after you wean them off their mom, you know
you have to give them shots on top of that. You have the costs of the
shots, you have the costs of the feed, you have the costs of the sickness,
cost of the tractor and the fuel and the labor in there.”

“We saw the retail price go up by sometimes 200 to 250%. All while our
wholesale price was falling by that same amount. You tell me on an
economic side of things-there's absolutely no sense to that whatsoever.
Right? The demand is at an all-time high, probably the highestin my
lifetime, and yet we're getting 50% of value on our animals.”

‘“My parents, tend to be almost apologetic. In the sense of you know, we
almost hate to leave you this, you know this liability because it's seen on
any given day, more as a liability than as an asset. It's complicated.”

“Every rancher | know, including my parents more or less, is the victim of
whatever the weekly aggregated price ends up being. If you could go in
there with a floor and say, well, I'm not going to sell this animal for
anything less than X, that would be the better way to do it. What ended up
happening is you take your cattle, and you drop them off and you hope for
a check the next week. And you just take whatever they give you.”

Infrastructure is important in ranching; most

ranchers in these case studies have “My parents, tend to be almost
sophisticated equipmentto vaccinate and apologetic. In the sense of you know,
manage their cattle, as well as vehiclesand =~ We almost hate to leave you this, you
other equipment for day-to-day cattle know this liability
management. Most of the ranchers (10) use | cubASNAIRe Aol RN IF=o]l Al EEY)
the internetto obtain information on latest It's complicated.”

best practices and solve problems, however

for some the internetquality and speed are unreliable (4). Just over half of the ranchers
have access to broadband (6), mostly by cable. Most ranchers (9) do have adequate
cell phone service coverage.

Water points and pipelines were the most widely owned pasture infrastructure (9),

followed by fixed fences (7). Most ranchers (10) received USDA cost sharing supportfor
installation of infrastructure, particularly for animal watering systems (6), fences (4), and
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irrigation infrastructure (2). Major constraints to expand the pastures include water and
land availability, the high cost of water, and lack of time and labor. As mightbe
expected, in Arizona the most important infrastructure relates to moving water in the
range. It includes pipelines, water tanks, dirt tanks, solar pumps, and drinkers.

Natural capital

In terms of energy use, half (6) of the ranchers indicated thatthey use a variety of fuel in
their operations, including both fossil fuels and renewable energy sources (primarily
solar). While most did not provide specific information, those who did showed that
consumption can vary substantially. The respondents who provided their usage showed
diesel consumption varied between 800 and 8,000 gallons per year, gas between 1,000
and 3,000 gallons peryear, and for propane (mostly for home consumption) 4,000 to
5,000 gallons peryear.

All ranchers use feed supplements, either protein (5) or minerals (4). No ranchers use
antibiotics, growth hormones or energy supplements. There is very low premature
mortality, mostly associated with snakebites, mountain lions, or cattle eating noxious
weeds. The most common culling reason is animal poor performance (4) followed by
open cows/heifer post-breeding (2), age (1), and overall lower quality animals (1).
While all ranchers use feed supplements, the primary feed of these operations are
natural vegetation from the rangeland, and ranchers depend on the natural capital of
Western land to raise their herds. The size of these ranches varied between 2,100 and
88,000 acres. The number of acres per animal varied between 6 to 1692 suggesting
that there is a low environmental footprint of these animals on the rangelands. In total,
the ranchers we interviewed accounted for 5,920 animalsin an area of 272,090 acres.
The cattle are the product that utilizes vegetation on the rangeland, transformingitinto a
marketable agricultural commodity.

“I think the primary purpose of the cow is to be able to harvest solar
energy that is not palatable, not edible by humans so that we can utilize
these rangelands”

“Most of our grasses are not tall structure grasses, they're short grassland,
prairie things. And so, wind out here will fracture off the grass. So, if all
you're doing is storing it, eventually mother nature just fractures it off and
takes it someplace else. And so, we try to utilize dormant season grazing
as best we can”

21 These numbers refer to generic animals without distinction among cows, calves, bulls, and are not in
Animal Equivalent Units (AEU).
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“We use very little supplemental feed, we're able to sustain the livestock
primarily on grass alone.”

Landis a crucial inputto these operations, and
ranches are high-costland and water areas, so
operations are often dependenton a mix of

ownership and rental arrangements with a en_ergy that is notpalatable, not
combination of private, state, federal, and Sl CI9@humans so thatwe can

county owned land. In Arizona, all operations utilize these rangelands

had a minimal amount of private ownership,

with most of the land leased from the state and federal government. Colorado ranches
also leased public land, but more of them (3) owned between 50-100% of their land.
Ranchers discussed different experiences with public land management, often
preferring to work with the state over the federal governmentfor grazing leases. Half of
the ranchersindicated thatland tenure limited their ability to investin or implementnew
livestock practices, indicating the complexities of land tenure relations and perceptions
in the West.

‘I think the primary purpose of the
cow is to be able to harvest solar

‘In the state, there really aren't any constraints other than you have to get
all your improvements approved. I've never heard of an improvement
getting turned down.”

“The state will reimburse you for the improvements you've made.”

“There is probably somewhat less of a motivation to invest substantial life
savings into a project on Federal land, particularly on Forest Service land
because you have as the lessee, no actual rights to that. If you putin
$10,000 worth of water or fence developmentthose improvements do not
go to you in any form or fashion. It's effectively a donationto the Federal
government. So there is a disinclination to do that. The State is different.
The State actually considers those improvements as improvements which
accrue to the person doing the improving. So, if we were to sell the ranch,
for instance, those improvements would be calculated into the price and
you would, at least get your money back. And then of course with private
land, then you have the standard private motivation for investing in real
property.”

Most (8) ranches indicated thatthey are trying to reduce their energy consumption by

having well-maintained machinery, use of efficientlightweight vehicles, reducing trips to
town, utilizing the eco-mode in vehicles, and two indicated that they switched from a
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high voltage/high pressure pump to using lower electric solar pumps in theirwells and
water points. Over half of the ranches (7) in this study use renewable energy—which is
predominantly solarenergy—and have the necessary infrastructure installed on their
ranch.

In terms of water use, all ranchers have pumps and watering points (discussed further
in the Produced Capital section) for their animals. Water consumption by animals varies
according to the season in both states. The ranchers provided different estimates
varying between 15 to 50 gallons per animal per day, depending on the season. Just
over half (7) of the ranchers said that they apply water conservation practices, including
water harvesting installations, dirttanks?? and small dams. The ranchers also try to
prevent the water streams on theirland from being polluted by keeping animals away
from waterways (5), erosion control measures (4), and one rancher monitors the
nutrientlevels to prevent eutrophication (1). Irrigation varied across ranches, butrainfall
was the primary source of water used for vegetative growth on the rangeland (especially
in Arizona). The majority of ranchesirrigated not at all (6) or under 10 acres worth (3).
Overall fertilizer use was minimal, about half (7) of the ranches applied mineral
fertilizers at a low rate (0.1 pound/100 ft?), while the rest did not apply any (5).

All but one ranch indicated thatthey have observed negative changesin theirland.23
Observations included changesin drought (4), changesin gully formation and soil
erosion (by water or wind) (5), fire frequency and intensity (3), and soil water retention
capacity (5). Two ranches also noticed other natural capital outcomes, with one being
the species diversity of native plants, ground cover, and resilience to drought (1), while
another noticing the amount of water available in streams (1). Even when applying
adaptive and innovative measures these ranchers have felt the difficulty of climate
change over the past couple of years. Megafires and extended droughts directly impact
the natural capital that they depend upon fortheir livelihood.

“We're very lean at the momentthanks to no rainfall.”

‘“Drought would be the key factor for us. And we've gotten through a tough
summer and still grass-finished cattle, but we had a couple thunderstorms
on one portion of the ranch, so overall it was a bad year precip’-wise but
had enough rain in certain spots to go ahead and finish the cattle.”

22p1s0 called stock tanks, these are man-made water reservoirs to hold drinking water for livestock.
23 Survey instrument did not specify over what period of time observations took place.
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“We normally get around 12 inches of rain in the summer months in
season. We got six. So, the northern third of our ranch looks dead when
we left itin our rotations last year. It's about drought.”

‘It's sad because now everything is just catastrophic and we've gone, |
don't know if we've had a summer where we haven't had a fire in the last
10 years. Some are worse than others, but still.”

“This is the first year in my lifetime that | can remember we had absolute
death of plants; | mean dead. So existing plants that a normal year would
have, the second you get a drop of rain on them, they start to grow the
head, put seed, they get after it, so to speak. And this year nothing, |
mean nothing.”

“One guy sent me a text message yesterday, he keeps 400 cows, and he
said, the message is that the well at the headquarters went dry yesterday
morning, and he's got 400 calves in that pasture.”

“Without hesitation, | think it's easy to say that it's been the driest in my
lifetime.”

‘In the 16 years that I've been here | think I've been through four major
droughts. And so, | don't know that our cow herd isn't just built for the
drought situation because we've had so many, or if that's just my new
normal.”

All ranchers indicated that there is a presence of wildlife on their ranches. Wildlife
mentioned by the ranchersincluded black hawks, bears, javelinas, Gila monsters,
pumas, deer, wild turkey, antelopes, doves, quail,and many bird species. One rancher
said that the wildlife follows the cattle and that they complement each other. Another
rancher noted that their ranch is a predator-friendly environment. A majority of ranches
(8) have water points that benefitwildlife, and pastures resting from grazing (10). Both
states had some ranchers indicate they created habitats for biodiversity (3),
rehabilitated natural areas in theirranches (5), or installed biodiversity-friendly
infrastructure (habitat preservation) (5). Two of the ranches reported utilizing hedgerows
and buffer zones for wildlife, while three ranches indicated they have areas on their
ranch that serve as migratory corridors. One of the ranchers has a conservation
easement on their land which is home to many endemic species. No ranchers indicated
that they see a trade-off between ranching and wildlife conservation. All of the ranchers
in these case studies shared a great awareness of the wildlife around theirlands and
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were proud of their actionsto conserve, promote and allow for increased diversification
of wildlife.

“You know, over 70 years I've kind of kept a record of the animal, the
change in wildlife and what | grew up with that aren't there anymore, and
what is coming in, which is really fascinating.”

‘Il actually did a presentation to the range science group, and when we first
moved on to the ranch in 2008 in the salt meadow riparian area, we were
able to identify five climax grass species. In 2017 we were able to identify
17 out of 17 climax grass species for that area. So, we've seen a huge
increase in biodiversity, not only plants and but in animals, wildlife, as
well.”

“‘We've seen everything from elk, a lot of your different mammal species,
we've got, had over almost 283 different bird species identified here on the
ranch. We recently, about two years ago, reintroduced beavers to our
riparian areas and we've got two colonies of beavers on the ranch. So,
yeah, we've seen a lot of diversity in the plants and animals.”

“Lots of wildlife. There's no elk, at least at this point, there's a lot of mule
deer, there's white tail, we have Blackhawks which are rare, but we have
them. And everything from javelina, mountain lions, bear, Gila monsters,
and rattlesnakes...”

Human capital

The ranchers we interviewed all had more than 10 years of ranching experience. They
were evenly distributed among generations of ranchers: first (4), second (4), and third
(3). Discussions with the ranchers indicated that most have a high level of formal
education and work experience in other areas besides ranching, which gives them skills
to deal successfully with markets, other businesses, and the government. They also
have substantial experience in ranching and have high technical knowledge of range
management, cattle genetics, and the business and managerial components of
ranching. They understand the markets where they sell their calves and employ
sophisticated marketing strategies. Lastly, they often have other businesses and
sources of income that allow them to better manage cattle production and business
risks. Given described barriers to profitability, off farm-income was often noted as
crucial to ranch survivability.

The majority (9) have a succession plan in place to ensure the ranch will continue for
future generations (whetherin the family or through a new apprentice). Most of the
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operations hire workers (9), with around half (5) hiring workers from the local
community. Many ranchers employ day laborers, buta few have dedicated full time
employees, providing important training opportunities with one producer even offering
an apprentice program to pave pathways for the next generation into agriculture -- at the
time of our interview he employed two budding agricultural apprentices. The knowledge
passed down in multi-generational ranches was rich, and the intention ranchers placed
on passing theirown knowledge to others is notable as they described the legacy of
family ranches and the many skills that ranching requires.

“That operation right now- that's where | was born and raised, and |
learned everything from my dad, and he learned everything from his dad
and his uncle who learned everything from their father. My great
grandfather started that ranch in 1885 and so we have a long history
there.”

“My folks have been ranching this for 45 years.”

“l got the ranching bug very early—both my parents were raised on farms
and ranches.”

“You know a good cowboy, you know, who's been doing it all his life is
worth his weight in gold. You know, they're just real quick and fast. That's
what they have done all their life.”

“I fell in love with what | do now, because of very good people that |
worked with. When | was down at [place] | worked with a very large ranch,
we ran about 3000 cows. And that's where | fell in love with being a
cowboy.”

“We don't want what we've spent our adult life building to just go away.
Right? And so, our goal is that we find the right young people to come on
board, and we help them out, no differently than what my wife's parents
did for us, and kind of follow that same model.”

“It's not only about the transition into the next generation, but into the one
after as well.”

In terms of health care, none indicated any constraints to access to medical treatment.
For most, treatment costs cause no difficulty (7) and for a few even if costs can be
difficultto bear, they do not preventthem or household members from obtaining medical
care (4).
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In general, most ranchers rated their subjective quality of life as good (8), two as neither
good nor bad, and only one as bad. Ranchers had various motivations for ranching that
extended far beyond profit -- in fact many joked that if they wanted to make money this
Is not whatthey would be doing in life. The culture and lifestyle of ranching brought
value and meaning to theirlives. Ranching is an important piece of their well-being and
happinessin away that compensates for less profit.

‘I liked the outdoors and buying this place was a way to put my money in a
place where | could enjoy it, rather than having to just think of it as another
set of digits on a computer screen [...] Had | kept it [my money] in
[Visionary] medical systems, | don't know it would be a lot of money by
now, but | feel happy.”

“We're not doing this as a charity, but [profits] are not the primary thing.
There are many other things we could do with our time and our skills that
would generate more income.”

‘[Ranching] is just something I've always been interested in, involved in.
That actually skipped a generation in my family. But | originally got started
with 4H, and then | had some good mentors in high school and in college.
It's just, | enjoy the natural world and the ecosystems and the livestock”

‘I think the expectation amongstthe whole family is that the land will be
conserved. [...] The idea is to maintain the open space and the open
character.”

Even with the benefits of the ranching

lifestyle, two ranchers explicitly stated that ‘I thinkthe expectation amongstthe
the COVID-19 pandemic took a heavy toll on ~ Whole familyis GEWthe land will be
their health. One rancher noted that the BINVR). [.. ] The idea is to maintain
pandemic had “decreased overall quality of the open space andthe open

life,” and their “psyche has changed.” character.”

Another noted that their operation found

people coming up from the city during the pandemic to escape the monotony of
lockdowns and thatthese visitors would interfere with operations and were not
responsible with the land. In some cases, the ranchers found that people had
trespassed on their land and left open gates, allowing cattle to roam free. In the most
extreme case, a rancherreported cattle had been hitwith a vehicle, killing the cow.

The adaptive management of the herd by ranchersis a key indicator of human capital
since it reflects experience, general and local knowledge, skills, planning and decision-
making capabilities. Allranchers have a grazing plan (11), most carry outforage
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analysis (8), have a breeding plan and a drought preparation plan (8), while a few carry
out mesquite removal (2), erosion and wildlife planning (1) and prescribed burning (2).
For example, the drought preparation plan includes a systematic plan to reduce the
herd size according to the incidence of drought, while forage analyses are based on
monitoring transects.

Allthis information is used by all ranchers interviewed to make decisions on grazing,
stocking rates, timing of grazing season, and the necessity of additional forage
requirements. Most ranchers also use this information for controlling soil erosion (8).
Ranchers did notuse mineral fertilizers, or plantintroduced-forage species and
nitrogen-fixing plants. Rather, to improve soil fertility, all ranchers use animal rotations
and most leave the manure in the field. Ranchers described planning and adapting in a
fluid system centered on systematic sustainability.

“I've always got a short and a long term [plan], but in general operations
you always have a plan A, B and C, and hopefully if you're on C you're not
doing real well. Those are just different decisions based upon a general
management plan and that is just following, watching your cattle and
figuring it out.”

“The reason we made it to [September] when the rain showed up is
because we manage the ranch with the idea of a savings account so to
speak, you've got an extra year of savings in grass. So when the cattle
leave a pasture after grazing, there's at least another whole season of
grazing left in that pasture the day they leave, assuming it doesn't burn

up.”

“We focus on the land and then also, different pastures. So, we have
different pastures that we look at, and that if we need to change our
rotation, OK. So, you focus on the land, because it does change what you
do and how many [heads] you keep where.”

‘In my opinion, especially in [the Southwest], you have to be adaptive, as
you have to be changing as you go. You have to because you cannot
manage this land by a textbook. It gives you good guidance for sure, but
you have to be able to change as you go.”

“We’ll use decision-making processes and try to identify the weak links as
we're making decisions and evaluate from the social, economic
standpoints and make our decisions. We use grazing planning for
managed grazing processes.”
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Relating to the natural capital of the

decision forany rancher and while ou have to be adaptive, as you have to be
plans are important, most ranchers SIENFTIFESEREE. You have fo because

indicated that weather, and particularly you cannotmanage thisland by a textbook!
drought, is the most important factor for = It 91ves you good guidance for sure, butyou
this decision. To determine the have to be able to change as you go””
stocking rate, ranchers evaluate plant

recovery and forage availability three to fourtimes a year, assume no additional
precipitation will come to encourage plantgrowth, and adjust stocking rates accordingly.
Some ranchers even do forage estimates and rain analysis each month. The ranchers
in this study self-identified as particularly conservative in their stocking rates and took
exceptional care to monitor and plan with rangeland sustainability in mind. Sustainability
and environmental services were a large focal pointin decision making of the ranch.

“We will go in and with NRCS and Game and Fish, decide if we need to
add to and plant for wildlife coverage, just for how they live. And
vegetation yeah to just coverage for the cows as well, but more to lessen
the erosion. And the natural grasses, from what we can see, things are
growing we've never seen before.”

“We get 33% of our rain here in July. Right? And | got zero, and I'm
watching the grass go down and | go ‘This is not going to go well,” OK sold
some to a couple ranchers, 'cause you'd have to keep them for a whole
‘nother year to breed. So, | sold some good heifers, and that went to my
rainy-day fund -- this is why lots of other ranchers are dumping cows too.
So that was a tough time.”

‘At the momentwe're in major drought restocking. We're just getting now
summerrains so I've got to go back here in the next couple of weeks to
help get the herd back onto the operation. It's rated quote, unquote at
about a 200 head operation, we have about 65 head. But we've destocked
immensely in order to deal with the drought conditions.”

“We've reduced our cow numbers a little bit based on changing
environment, less rain in June, which is what we rely on for the pastures
where the cows are. | have neighbors to the west of me that have sold out
because there's no grass.”

‘[Sustainability] really is divided up into environmental and which subset is
you know, making sure you're not overgrazing or taking care of the land
and making it better doing those kinds of things, and assessment of how

62



Dueto the continued droughtin 2020,
many ranchersindicated thatthey had to
reduce their herds substantially
(especially in Arizona). For example, one
rancher said that he had to sell more than
500 pregnant cows because of drought.
Anotherrancherreported that they could
only carry 250 head, while the ranch fully
stocked under good conditions can carry
between 800-1,000 head, adding thatin
general their stocking rates are very

much you're using the land, how many cows that you have, and what's
sustainable on [the land]. And then the other side. That is, balancing with
when you have some sustainability up here and then under subset, it's the
environmental piece and all the little environmental pieces under that.
Then you have the financial side. How do you balance that out and make
the environmental piece sustainable and so that's where you know,
watching the markets and watching your operations and funding your
operations. [...] You want to pencil things out. So, it is a system, it's all
interacting and you can't really isolate one piece from the other.”

“Our grazing system, whenever you start looking at what happens after a
rainstorm during the summer, we leave enough biomass on the ground
that when you look at it, it doesn't rill out and create erosion issues, it
creates little micro dams.”

“It's a dry climate. The preparation plan, such as itis, is just having the
infrastructure in place and the sort of transportation plansin place to be
able to destock relatively quickly and get the animals off when you have
to.”

“We get 33% of ourrain here in July.
Rle]ale@iNsle I ele]¥4e](e], and I'm watching

the grass go down and | go ‘Thisis not
going to go well,” OK sold some to a
coupleranchers, '‘cause you'd have to
keep them for a whole ‘notheryearto
breed. So, | sold some good heifers, and
that wentto my rainy-day fund -- thisis
why lots of other ranchers are dumping

o\ ISRe[sMS 0 that was a tough time.§

conservative, e.g., 550 cows/80,000

acres with a 10-20% utilization. It is important to note that selling cattle is a large loss to
these producers as herd genetics are builtslowly and intentionally over the years. When
these ranchers sell off cattle, they are losing notjust part of their herd but part of their
genetic diversity. So, while reducing the herd size can help alleviate environmental
pressures and prevents negative impacts of overgrazing, it does negatively impact the
ranch in the long run by hampering the development of a genetically robustherd. The
number of grazing groups varies from one to six groups and is carefully decided by the
season, the composition of the herd and the type and stage of cattle production. In one
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case, therancherallows the cows to self-divide, forming small groups of three or four
animals spread through the range.

As mentioned, in regard to stocking decisions, ranchers investgreat time and planning
into herd genetics and breed. In terms of breed selection, Black Angus is the dominant
breed of choice, driven by market preferences. All of the ranchers mentioned the
importance of building up favorable herd genetics, often through cross breeding. Some
use Angus and Brahman crosses (Brangus), while others cross the Brahman for heat
tolerance with Hereford cattle for increased marbling. Corriente was crossbred as its
smaller frame helps the cattle grow better in arid environments with less forage and
water needed. Simmental, and recent introductions of Wagyu and Belted Galloway also
were noted by some for advantages such as flavor. One rancher purposely has a
mixture of breeds, which he believesis better in terms of adaptation to the local
environment. Ranchers stressed the importance of balancing sustainability and market
demand. While Black Angus s in high demand due to the marketing of Certified Angus
Beef (carrying premiums) other breeds prove more efficientin Western rangeland
conditions.

Many ranchers had highly specialized knowledge and diagnostic tools. For example, the
use of Expected Progeny Differences?* (EPDs) and genomic analyses were common.

“We artificially inseminate all of our cows and heifers, and we pick the
bulls on their EPDs, which | think you've all heard about, and what we
focus on is marbling, calving because they calve on their own in the
mountains, so calving and docility. So those are the top three things,
mostly marbling.”

“Feed efficiency is something they just started testing for and have an
EPD. If that cow can eat less and still produce a good calf, they have cows
now because they've been interbreeding this for the efficiency that is
almost as good as a chicken.”

“We had the Hereford cattle because that's just what you did in the West,
and so | decided that in order to keep the red color we started, initially with
Black Angus and then switched to red cause the colors were both
recessive. And | also liked the philosophy behind the Red Angus
Association in that they require performance testing of the animals and |
had learned so much about that at Wyoming. And so that was a big part of
it, and, you know, the stupid old Hereford cows they'd have a calf and say,

24 Expected Progeny Differences is a model that helps ranchers to predict the genetic traits that would
most likely be expressed among different breeding partners.
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‘now, what do | do?” And the Red Angus cows are so much more
interested in being moms.”

“The Corrientes and Longhorns are not really considered beef cattle, they
have small frames, not a lot of muscle. But they do really well in a tough
environment, they’re very good at getting pregnant over-year, raising a
calf over-year, the longevity of the herd can be double that of beef cattle.
So, they have some advantages.”

“We're looking for efficient cows and that's where we really like the
Corriente, Corriente-cross cows. They’re weighing, you know 700 to 800
pounds and they're weaning 500-pound calves. Whereas I've also run for
some clients, the big, highly genetic Angus cows weighing 13, 1400
pounds and they're only weaning 575- or 600-pound calves and we're able
to do it with a lot less feed and everything and so we're able to maintain
our profitability, by not worrying about genetics per se. And even if the
calves are little lighter weight, we can run two of our Corriente cows for
every one of those big cows and so we're actually producing more beef
per acre then these people that have these high genetics and cows
weighing 1400 pounds and that sort of thing.”

Body conditions scores?® were used for weaning and culling decisions. Ranches
indicated a focus on superior genetics is part of their marketing strategy of trying to sell
superior cattle. While a few ranchers use artificial insemination, almost all condu ct
breeding soundness exams and track the age of pregnancy at the time of pregnancy
checks (8). Allranches vaccinate theiranimals, relying on veterinarians and serving as
their own veterinarians under many circumstances due to the remote nature of
ranching. Ranchers ensure the well-being of their cattle and most (8) of the operations
provide outdoor access with adequate space and shelter preventing unnecessary stress
in the cattle and serving as stewards to both land and animal.

Social capital

Most ranchers indicated that they belong to agriculturally focused organizations that
support ranching or rural development (10), including both paid and free membership
organizations. Almostall the ranchers involved in these organizations feltthat they
received as much personal benefitas they invested themselves in these organizations
(10). These organizations provide knowledge and information on production and
marketing issues, business operation, crisis management, conservation, as well as

25 This is a scoring of how much fat coveris visible on a cow. This allows the rancher to make informed
judgements about the type of feed a cattle should be receiving and if the cow is at an ideal weight for
weaning and breeding.
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general educational and training opportunities, supportin legal fights, and political
support. Many ranchers noted that information flow is important, especially keeping up
with politics. Others mentioned learning new skills and technology like drones, pinkeye
management, weaning methods, best protein supplements, or branding alternatives
such as the electronic ID reader system?6. One rancher traded labor with his network of
fellow ranchersin whathe called “trade works”. One of the ranchers interviewed actually
held regular seminars to network and suggestimprovements to other ranchers, but this
stopped with COVID-19. All ranchers indicated that they had personally adopted
strategies and technologies based on interactions with their friends and associates. In
return, they all also shared suggested improvements with peers that were implemented.
This supports the common response that the ranchers “get back whatthey putintothe
club”. Interviews illustrated that information flow from both formal and informal networks
make significant contributions to these ranchers’ operations, and that these ranchersin
turn investtheir time, energy and resources into cattle organizations and networksin a
mutually beneficial way.

“All the ranchers, we know each other, and we know what our strengths
and weaknesses are, and we talk about issues. | pick up the phone and
say | haven't seen this before or | have you know that kind of thing. And a
lot of us justinter- trade between ourselves. Let's say | need a bull, call, |
have you know how much. Well, OK, there you go. You know we trust
each other. We're not going to take advantage of each other whereas in
the markets you can get taken advantage of.”

“It [social networks] absolutely has value, there's—to back up a little bit,
when | became interested in Allan Savory’s managementideas and began
implementing them and going, as you said, became engaged with the
research community, there's kind of a subculture of ranchers that have
engaged holistic managementin one form or other, and within that
subculture the communication at those meetings, it's really valuable. Just
interacting with people who are struggling to solve the same problems you
are has huge value, and they've tried things that didn't work, or it can be
really interesting, you both tried the same thing, and it works for one
person and not the other, which isn't unusual in the face of complex
systems. So, trying to sort out all the minutiae of what works and what are
the key details that make it work, that subculture is really critical.”

“We're all having lunch and meeting with another rancher about something
that they did, so it's not just the [Beef Association] meeting, it's meeting

26 Small button-like tags fixed to an animal’s ear with a unique identification code that can be read with an
electronic scanner.
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with the other people that are going through similar things, or they're trying
something new.”

“I think we all kind of look around to see what's going on and you just do
best management practices right. Why wouldn't you? If you have a
neighbor that's doing something that works that you didn't think of, wow
well yeah where do | do that? | mean, | think you would kind of be foolish
not to learn from each other, right? And it goes, it's back and forth, but
some things may work at our ranch that's in the mountains that may not
work on your ranch in the desert, or vice versa. So, you know, OK, that
may not work, but that might, or a piece of it or something.”

Almost all ranches indicated thatthey would
consider partnering with other ranchers to develop RLIRyERwe trust each otherg

action plansto build more resilientbeef supply We're notgoing to take
systems (10), and some of them were already in advantage of each other
active partnerships (2). One rancher noted that whereas in the markets you

partnering with others is difficultin practice because = ¢an get taken advantage of.”
ranchers are “an independentlot.”

Many ranchers indicated thatthere is a strong sense of community in their surrounding
areas (7). The community bond in more rural areas, especially the network of ranchers
in the region, provided emotional support to the ranchers. Ranchers described how
when afire destroys forage on an operation, ranchers from areas unaffected pooled
together hay to provide feed to the farm in need. Other ranchers impacted by drought
sent entire grazing groups to areas where forage was still available on other ranchers’
lands. When slaughterhouses closed during COVID-19, one rancher banded together
with a group of local ranchers and a butcherto open a local slaughterand packing
cooperative. Community and shared values in the ranching lifestyle helped various
ranch operations survive a pandemic, intense droughts, and destructive fires of the
Southwest.

“Our network is our fabric, it's strong and resilient. People get along and
help each other out.”

“This community came together, the million

acres of ranches. The other notion was {Our network is our fabricit's
they'd like to protect their lifestyle, the strong and resilien tl=lelo] [=Xe[=1:
culture that they knew. Rightin the middle of = alongand help each other out.”
it were emerging subdivisions, you know,

right on the edge of rodeo there was a couple hundred or a couple

sections, couple of square miles of property. They've been sold by
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someone who couldn't make it anymore, and they started putting in
houses [...]. But the [ranch] group got put together because of interestin
open spaces, the ranching lifestyle, and managing the environment as a
landscape, rather than as a single ranch with a fence on the corner. And
that's really how the group came together.”

“We had just purchased, and the fire was eight months later. It's just hard
on your watch to have that happen, and so after moving the cattle to
different ranches because of our connections through these networks they
would allow us to graze their land for free so we would have 40 cows at
one ranch, 40 at another. Once we came home and there were 19 bales,
of the huge bales, 1000 pounds of hay and | had never met [ the rancher
who donated]. But it's because the association - they knew [about the fire].
Hopefully we'll do that for the next person. Really community affairs.”

“There's a lot of industries where if something happens, you know you're
just out of luck. Your problem. That's competition, yeah. But I think we all
try to help each other and there's room for all of us, and all of us play a
part.”

Summary

Qualitative results from surveys and interviews highlightkey relationships and flows of
capital on the ranch operations. The local context and place-based knowledge
illustrates the nuances of the four different capitals and how they often blurand overlap
as ranchers work to meet their goals. Along with contextualizing the capitals on the
ranch, our findings are consistentwith our statistical and econometric models, helping to
explain some of our quantitative findings. Ultimately, these results showcase the
resilience of the ranchers interviewed, who simultaneously juggle livestock
management, financial considerations, both state and federal regulations,
environmental conservation, and the increasingly unpredictable weather effects of
climate change on their operations. Of specific interest, we identify harderto quantify
indicators relating to the social and human aspects of ranching including adaptive
management, multi-generational knowledge, quality of life, and the social fabric of
ranching communities.
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Measuring Ecosystem Health

Soil Sampling

Soil samples and field observations on soil characteristics were collected at each of the
12 ranches, with the location of the two sample sites of interest being decided underthe
ranchers’ guidance. Four soil samples were collected from a 2x2 meter square box
divided into four quadrants. In each quadrant, one soil sample was collected and then

the four samples (one by quadrant) were mixed and bagged for lab analysis, with
identifying information (NRCS, 1999). The samples were kept cold and sent to Ward
Laboratories, a commercial soil analysis lab. Lab results of the soil samples from the
ranches in the study for Arizona and Colorado (Table 7) show the ranges of Total
Carbon, Organic Matter and Bulk Density.

Table 7. Key soil characteristics from sampled ranchesin Arizona and Colorado.?’

Soil characteristic Units Arizona Colorado

Range Difference | Colorado | Difference

(max-min) (max-min)

Total Carbon % 0.41-4 3.59 0.68-2.83 2.15
Organic Matter % .9-8 7.1 1.5-4 25
Water Holding inches/sample | 0.14-0.74 0.6 0.24-0.46 45.76
Capacity
Bulk Density g/cm3 0.79-1.93 1.14 0.79-1.48 0.69
Haney test
Soil respiration ppm of CO2-C 6.4-238 231.6 31-57 26
C:Nratio ratio 6.6-19.4 12.8 6.5-18 11.5
Soil Health Score score 1.85-24.6 22.75 6.09-10.2 411
PLFA test
Total Living Microbial index 103-2100 1997 127-1279 1152
Biomass
Functional Group index 0-1.38 1.38 1.302-1.47 0.168
Diversity Index
Fungal to Bacterial ratio 0-0.07 0.07 high nd
ratios

In Arizona, the observed C:N ratio among ranches shows substantial variation ranging
up to three times from the lowest to the highestvalues recorded. The Soil Health Score
is calculated based on soil respiration and water extractable carbon and nitrogen, and

27 Results of soil samples and geospatial results were shared with all ranch partners and a debrief of
findings was offered upon request.
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observed values showed differences of more than 13 times between the lowest and the
highestvalues. However, although the score can range anywhere from 0 to 50, most
soils nationally do not score higherthan 30, therefore the observed values do not seem
out of range. The Phospholipid Test (PLFA) is a biological analysis that provides
information on microbial biomass and functional groups thatare important in biological
processes. Total Living Microbial Biomass shows a very large variation with differen ces
20 times from the lowest to the highestvalue recorded. The values for Functional Group
Diversity Index of ranches can be considered above average. The values for Fungal to
Bacterial ratios can be considered low. Biologically, the soils from ranchesin Arizona
are on the low end of microbial biomass with low diversity and many unidentified
undifferentiated species.

In Colorado, the observed C:N ratio among ranches shows substantial variation ranging
up to two and a half times from the lowest to the highestvalues recorded. The Soil
Health Score did notshow high variation (less than 70% difference between the highest
and the lowest scores), with values well below 30. Given that a score of 7 and above is
more desirable, ranches in Colorado in general seem to have good soil health
conditions. In terms of the PLFA test, the Total Living Microbial Biomass shows a large
variation with differences 10 times from the lowest to the highestvalue recorded. The
values can be considered very poor to slightly below average. The values for Functional
Group Diversity Index of ranches can be considered above average. The values for
Fungal to Bacterial ratios can be considered high, which isindicative of late
successional rangelands. Soils are on the low end of microbial biomass, but with good
diversity and above average Fungal to Bacterial ratios.

Although results from ranchesin Arizona and Colorado are not comparable due to the
differentbiophysical conditions, they show that in both states our case studies exhibit
large variation in soil characteristics. Soil sampling provided indicators for specific sites
selected, butdue to high variation in soils and the large size of ranches these results
were unable to provide broader overall ecosystem health information.
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Impacts on Natural Capital: Comparisons
between Ranches and a Buffer Zone

The production of herbaceous above-ground biomass in rangelands is a fundamental
ecosystem service upon which livestock, wildlife,and humans depend, butit is also
influenced by human use and management (Jones et al., 2021). Biomass production is
a crucial indicator of natural capital for rangelands as it relates to both cattle production
and sustaining wildlife. To measure how this fundamental aspect of natural capital may
be impacted by the ranchesin our case studies, we acquired data on annual biomass
production of Annual Forbs and Grasses (AFG) and of Perennial Forbs and Grasses
(PFG) in Pounds Per Acre (PPA) for the time period 1986 to 2021 from the Rangeland
Production Dataset (Rangeland Analysis Platform, 2022)?8 for each ranch and a
surrounding buffer zone.?® The buffer zone represents an area not underthe rancher’s
management, but in close proximity3°. We used these data sets to test for changesin
biomass production over time and for differences between the ranch and its buffer zone
to try to detect the impact of the rancher's management on biomass production over
time and space. For this analysis, we use the following terminology: (a) each specific
combination of a ranch and its buffer zone is referred to as a location; (b) within a
location, the ranch and the buffer zone are referred to as land-uses. Unfortunately, we
could only get data for 10 locations (4 in Arizona and 6 in Colorado). Therefore, there
are 10 locations, each involving two land-uses.

To carry out these comparisons we use a time-series regression using Generalized
Least Squaresimplementedin R (Fox & Weisberg, 2018) using a covariance matrix that
corrects for autocorrelation of the time series data.3! Since precipitation and
temperature are known to affectbiomass production, we estimated a full model that
included these two variables, year, land-use, and all possible interactions. In addition to
the full model, we estimated nested models of all combinations of these variables and

28 These data have been estimated through a process-based model that uses three primary inputs to
estimate plant productivity: (a) continuous vegetation cover, (b) absorbed solar radiation, (c) meteorology
(see https://support.rangelands.app/article/49-rangeland-production for further details). The estimates
refer to new accumulated growth over a 16-day period that then is summed to an annual total (idem), and
thus indicates biomass productivity of an acre over a year.

29 To do this, we obtained and/or created shapefiles, georeferencing with ranch maps for each of the
ranch boundaries and drew a buffer zone surrounding them. Only ten ranches provided us with the
needed information for geospatial analysis.

30 An important caveat for these comparisons is that buffer zones may or may not be similar in
environmental terms, land history, topography or even climate to the nearby ranches. However, since the
comparison is based on data for more than 30 years it provides a simple benchmark to compare the
ranchers’ management to an area not under their control.

31 In this context, autocorrelation means that the value of a variable in a year is correlated with its values
in previous years. Ignoring these correlations will lead to incorrect statistical inferences.
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interactions. Nested models include a subset of the variables in the full model. We
compared these models using Akaike’s Information Criteria (AIC) which helps determine
the best model to use to fit the data and which models are the simplest (Akaike, 1973).
When models had similar AIC scores, we chose the simpler model (see Appendix 4 for
details). Using this model selection procedure, a model was chosen forannual biomass,
and anotherfor perennial biomass. Parameter estimates, estimate uncertainty,
significance, and contrasts were assessed using the emmeans package (Searle et al.,
1980), assuming significance of effects when p-values were less than 0.05. Given the
importance of precipitation and temperature for biomass production, we first report on
the dynamics of these variables during the time period of this analysis.

Weather

Over the 35 years and 10 locations, annual precipitation varied from 5.7 to 38.5 inches,
with a mean of 16.8 inches. Mean air temperatures ranged from 38 to 69 degrees
Fahrenheit (deg F), with a mean of 55 deg F. Overall, cumulative annual precipitation
significantly decreased over the time period (p=0.03) by an estimated 0.06 inches per
year, while the mean annual airtemperature significantly increased (p<0.001) by an
estimated 0.05 deg F per year. The magnitude of changes varied by location (Figure 4).
However, it is important to bear in mind that variability in year-to-year precipitation may
be more important than total precipitation. Even with this caveat, it is clear that the
ranchesin our case studies are experiencing substantial and detrimental changesin
precipitation and temperature, particularly in Arizona. The overall effects of these
changes on biomass production are context specific. For example, in locations with high
precipitation butlow average temperatures, an increase in temperature may resultin
higher biomass production. However, in areas with low precipitation, an increase in
temperature can resultin lower biomass production. Additionally, the response of
vegetation to these changes will depend on the types of vegetation present. Therefore,
while these changes are significant, theirinterpretation requires context-specific
considerations.
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Figure 4. Estimated changes in weather from 1986-2021 with standard errors of
estimates. (Left) Longterm decreases in precipitation by location with dashed line
representing the mean decrease (right) long term increases in temperature by location
with dashed line representing the mean increase. Each capital letter represents a
location.

Biomass

Annual herbaceous biomass production ranged from 0.02-613 Ibs./ac, and perennial
from 87-1843 Ibs./ac (Appendix B, Figure B1). The best-fiting model for annual biomass
included terms for precipitation and temperature, while the best-fitting model for
perennial biomass included terms for precipitation, temperature, and theirinteraction. All
results therefore accountfor the changes in precipitation and temperatu re observed
over the time period studied (see Figure 4).

The three-way interaction between year, land-use (buffer, ranch), and location was not

significant for either biomass type (annual, perennial), meaning ranching did not
significantly affectthe biomass production trajectory at any location.
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For both annual and perennial biomass, the effect of year depended on the location
(p=0.02 and p<0.01 for annual and perennial biomass, respectively, Appendix B, Tables
B3, B4). This means that while biomass trajectories did not depend on land-use type,
they varied by location. After correcting for changes in weather, no location saw a
significantdecline in annual or perennial biomass production overtime (Figure 5).
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Figure 5. Estimated change in biomass from 1986-2021 at 10 locations with 95%
confidence intervals. Each capital letter represents a location.

Annual biomass significantly increased over the study period in six of the ten locations,
with increases ranging from 3-5% annually. In three locations, perennial biomass
significantly increased over the study period, ranging from 1-2% annually. At a given
location, increases in annual biomass were generally associated with decreases in
perennial biomass (Appendix B, Figure B2), although one location (Arizona, Location A)
exhibited a significantincrease in both annual and perennial biomass.




While the change in biomass production over time did not differ by land-use, at two

locationsthe ranches had 1.4-1.5 times more perennial biomass than the buffers

(Figure 6). However, in the majority of locations, the mean biomass production did not
differ between the ranch and buffer areas.
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Figure 6. Differences in biomass production in ranch and buffer areas. (Left) Ranch

biomass as a percentage of buffer biomass. (Righttop) Location I, where ranch
perennial biomass was 1.5 times higherthan the buffer. (Right bottom) Location K,

where there was no difference in perennial biomass production between the ranch and
buffer. Each capital letter represents a location.

In summary, for the ranchesin our case studies results show that there is no evidence
of biomass decline over time. While we do not know the exact nature of the buffer zone,

in general there does not seem to be any measurable differential effects of ranch

management compared to the buffer zone. Even when trends are present, ranching was
associated with higher biomass production. Furthermore, in spite of important changes

in precipitation and temperature (Figure 4), there is no evidence of these changes
negatively affecting annual and perennial biomass production, and even in some

locations there have been statistically significantincreases in both types of biomasses.
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However, it should be stressed that these results apply only to the ranching activities at
these sites. It is certainly possible to undertake ranching activities that have detrimental
effects on the environment. While we can conclude thatthat ranching per se is not
detrimental to the production of AFG and PFG—and have shown evidence from a
subset of ranches validating this—itis important to not inferthat “all” ranching is
associated with higher biomass production.

Biodiversity (Land Cover)

In general, in a landscape, biodiversity is favored by environmental heterogeneity.
Some of the reasons for this are because environmental heterogeneity promotes
species diversity by creating increases in the niches, or types of habitats, allowing more
species to coexist; environmentally heterogenous areas provide shelterand refuge from
adverse environmental conditions and periods of climate change; and heterogeneity
increases the probability of speciation due to isolation or adaptation to diverse
environmental conditions (Stein et al., 2014). Although direct measurement of
biodiversity in rangelands is a complex endeavor, measuring heterogeneity in
vegetation cover is a straightforward process and the data is available at the scale of
the ranchesin our case studies. This data is available from the same database used for
aboveground biomass production and forthe same period (Rangeland Analysis
Platform, 2022). We used this data to test for changes in diversity of vegetative cover
over time and for differences between the ranch and its buffer zone to try to detect the
impact of the rancher's managementon vegetative cover (and thus environmental
heterogeneity) and by inference on biodiversity over time and space.

Employing the same approach as used to obtain the data from ranches and their
respective buffer zones, we extracted the data on vegetation cover. This data consists
of the percentage cover in six categories: (i) Perennial Forb and Grass (PFG), (ii)
Annual Forb and Grass (AFG), (iii) Litter, (iv) Shrub, (v) Tree, and (vi) Bare Ground per
Year. With this data we constructed a Simpson Diversity Index32 that provides a
synthetic measure of the number of different categories and the evenness by which they
are represented. The index varies between 0 and 1. A high index indicates high
diversity/heterogeneity. Its theoretical maximum of 1 corresponds to the percentages of
all six categories being the same, while avalue of zero represents that only one
category accounts for 100% of the cover.

We use the same independentvariables and estimation approach as for biomass
production, fitting first a full model and then simpler models (i.e., nested models) by

32 The Simpson diversity index of vegetation cover diversity is calculated as follows:
Dit= 1- Y vijt?
where: vit= percentage of vegetation cover category i, forlocationj, at time t
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eliminating independentvariables. By employing the model selection procedure as
described above, models were fitted to each cover category separately to provide
insightinto the drivers of differences in Simpson’s Diversity Index. We also included
precipitation and temperature as covariates in the models.

Over the 30 years and 10 locations, Simpson’s Diversity Index ranged from 0.43-0.83,
with highervalues indicating a more diverse land cover. The best-fitting model
describing Simpson’s Index included precipitation only (Appendix B, Table B5). The
three-way interaction between land-use, location, and year was not significant, meaning
ranching in these sites does not significantly change land cover diversity over time
compared to the bufferzone. However, the change overtime significantly depended on
the location (p<0.001, Figure 7).
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Figure 7. Change in Simpson’s Diversity Index over time for buffer areas (gray circles)
and ranch areas (orange triangle) with 95% confidence intervals. Ranching and buffer
areas differed in only one location (Arizona, Location A, red) where the ranch land cover
diversity was decreasing at a faster rate compared to the buffer area. Each capital letter
represents a location.
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The effect of land-use on the overall land cover diversity also significantly depended on
the location (p<0.001). In four of the ten locations, the ranch had less land cover
diversity than the buffer area (Figure 8).
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Figure 8. At fourlocations (red) ranch areas (orange triangles) had significantly lower
land cover diversity compared to the buffer area (gray circles). Line ranges represent
95% confidence intervals. Each capital letter represents a location.

These differencesin land cover diversity in the ranch versus buffer areas were not
consistentacross location, and included differences in annual biomass, perennial
biomass, trees, shrubs, and bare ground.

Bare ground is of particular interest, so it was investigated explicitly. While bare ground
Is part of any semi or arid system, when itexceeds system norms, itincreases
susceptibility to erosion and decreases the capacity of a system to capture the little
rainfall thatdoes occur. This can lead to a vicious cycle of biotic feedbacks. Ranchers
are alsointerested in reducing bare ground out of the perception that it increases forage
production, which may or may not be true (Moechnig, 2010). The best-fitting model
describing bare ground included temperature, precipitation, and their interaction.
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Individual years and locations ranged from a low of 0.5% bare ground to a high of 48%.
The modeled mean for the data was 16% bare ground. There was a significant
interaction between the effect of land-use and location (p<0.001), meaning the impact of
ranching on bare ground compared to the buffer varied by location (Figure 9).
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Figure 9. 95% confidence intervals of differences in bare ground between ranch and
buffer. Each capital letter represents a location.

At one location (Colorado, location M) the ranch had 29% bare ground compared to the
buffer area with 24% bare ground. Conversely, at another location (Arizona, location F)
the bufferarea had 17% bare ground compared to the ranch with 14% bare ground.
Overall, there was no consistentchange in bare ground, with the trend varying
significantly by location (p<0.001). Six locations had significantly decreasing bare
ground cover at rates of around 0.2% per year, while four had no change (Figure 10).

In summary, ranching in these sites does not significantly change land cover diversity
over time compared to the buffer zone, although results differed by location. This
suggests that ranch managementin general has no discernible effect on environmental
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heterogeneity as measured by diversity of vegetative cover, and thus on biodiversity.
While fourranches had lower diversity than in their associated buffer areas, these
differences were present since the beginning of the measurement period. As stated in
the section on biomass, we should be careful notto construe that these results indicate
that ranching does nothave an effect on vegetative cover, environmental heterogeneity,
and biodiversity. There may be cases where it does, butwe have shown evidence that
well-managed ranches (as in our case studies) may not negatively impact the
environment.
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Figure 10. Trends in bare ground changes. Each capital letter represents a location.
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Life Cycle Assessment

A Life Cycle Assessment (LCA) is a methodology used to assess the impact of material
flows. LCA breaks down a supply chain systeminto subsystems that can be analyzedto
calculate the environmental impact of a product. A simplified example would be
breaking down each step in the creation of a product, with each step constituting a
subsystem in the larger system of a product's lifecycle. Typically, all products require
raw materials that must first be extracted from the ecosystem and then transported to a
facility for some form of processing to convert these raw materials into a usable
material. Once the usable material is obtained, itis sentto a manufacturing location
where the product of interest is made and packaged, and from there the productis
transported to a pointof sale. Once sold, the productis used over a period of time, after
which the productis disposed of into a recycling system or landfill. The LCAis
especially useful because ithas the capacity to evaluate the environmental impact
across this entire supply chain.

When preparing to conducta LCA itis important to both define the start and end points
of the product’s lifecycle and also decide how one plans to quantify the amount of
product being measured. Setting the start and end points establishes the boundaries
that will represent the scope of the LCA. By defining how one will quantify the amount of
product that is produced through the supply chain one can determine how to measure
the environmental impacts from the system of production. This measurementis
presented as a Functional Unit(FU), as itis based on the function of the product
(Weidema et al., 2004). For example, one could set the FU as measuring the tons of
stone removed from a quarry or the number of eggs produced by a henhouse. It would
make less sense in evaluating the supply chain to measure the number of stones
removed from the quarry, as the rocks vary widely in size and weight. In this LCA we
look at CW, which is the dressed weightof cattle measured per kilogram. This CW is
assigned as the average weightof a dressed, slaughtered commercial beef cow as
reported by the USDA NASS (2020). This average weight of 366.8 kg is assigned to
cows and bulls, with calves being factored into methane emissions only at 26% of the
average cow (based on Basarab et al., 2012) at each of the ranchesin this case study.

Since the LCA is proficientat analyzing the environmental impacts from material flows,
itis best suited to evaluate the impact created by the consumption of natural capital.
There are multiple stages (or subsystems) in the production of beef, with the starting
pointbeing the birth and weaning of a calf on a cow-calf and cow-calf combinations
operation, the growth stage to market weightof the cattle on the ranch or feedlot, and
the transport to and the slaughter and processing of the cattle at a slaughterhouse or
packing facility. All these stages require resources such as feed, water, and energy. The
production of these materials and making these resources available to the operation
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managing these cattle are individual subsystems and each creates their own impacts. In
our study, we specifically evaluate the impacts associated with ranching operationsin
the cow-calf phase using the LCA to identify the natural capital costs across the
ecosystem.

It is important to realize that the key resources considered here (feed, energy, and
water) also vary greatly within each resource type. For feed there are differentkinds of
feed like hay, silage, corn, and soy. These feeds are produced as part of an agricultural
system designed to supply livestock operations, which creates different levels of impact
on GHG emissions, energy, and water use depending on the feed used. For energy, we
consider renewable energy and fossil fuel energy and their differentimpacts on the
environment. Last butnot the least is water, which for the purpose of this study is
calculated to be blue water, or water sourced from irrigation or groundwater supplies.

There are energy, water, and carbon impacts associated with the consumption of all
these resources. We present the results in the form of carbon, energy, and water
because those are the most common impact categories presentedin an LCA and
carbon costs are much more established than GHG emissions. These three impacts
also allow us to measure the cost of these impacts, since there are monetary values
associated with water and energy. There is also the carbon market that is in the process
of finalizing the cost of carbon. Using these financial tools, these impacts can be
monetized, which then allow us to quantify the embedded cost of beef production and
explore the true cost of this system.

LCA results, specifically GHG emissions results, are presented excluding the full
biogenic carbon cycle in cattle: from methane emitted to carbon sequestered (to be
addressed in later section). In the academic world there is some understanding of the
biogenic carbon cycle, but it has not translated to a standardized accounting
mechanismyet as there is debate aboutthe actual climate effects of methane belched
from cattle (Werth, 2020). Similar concerns exist around nitrogen and itsrole in the
biogenic carbon cycle. Nitrogen is also complicated, as the GHG emissions protocols
around nitrogen emissions on ranch operations have not been standardized and
accepted. For these reasons, the nitrogen included in this LCA is included only forthe
fertilizer needed in corn or soy feed, not hay. LCA standards assume a warming
potential of methane of about 28 times that of carbon dioxide (Thompson & Rowntree,
2020). It is important to note that a large portion of the carbon dioxide emissionsin the
livestock system are from feed and fuel, while methane is largely from livestock
themselves. We consider only the emission of methane since its removal is nota
standardized process. One molecule of methane results only in one molecule of carbon
dioxide after it's complete combustion (oxidation). Butmethane hasthe lifetime of a
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decade before it undergoes complete combustion to become carbon dioxide, which can
exist for more than 1000 years (NOAA, 2022).

Given the rates of land use change and deforestation over the past decade, it is not
possible to guarantee that molecules of biogenic carbon dioxide are reabsorbed into the
vegetation (Ritchie & Roser, 2021). If biogenic carbon dioxide is absorbed by feedstock,
itis critical that the time of storage aligns with the removal and storage timeframes
being discussed in the GHG emissions protocol. The extent of removals is severely
dependenton land use and land use change (EPA, 2011). Given the amount of
uncertainty regarding methane recyclability in the biogenic carbon cycle, the metrics
usedin this LCA are notagreed upon. Methane is a short-lived pollutant, leading some
to believe the impact is often over-estimated (Allen et al., 2018; Pierrehumbert, 2014;
Thompson & Rountree, 2020). The short lifespan of methane also raises questions
towards the use of Global Warming Potential (GWP), with exploration into better suited
metrics such as Global Temperature Potential (GWP?*), which uses a decadal time scale
argued as more appropriate for short-lived pollutants, but is notyet widely accepted
(Allen etal., 2018; Shine et al., 2005; Thompson & Rountree, 2020).

While there was LCA data for carbon dioxide emissions for feed, fuel, and other cow-
calf and cow-calf combinations operations, the methane emissions were estimated from
Rotz et. al. (2019). It was assumed that the methane emissions estimated are largely
from livestock in the American Southwest. To address the controversy regarding
methane calculations in LCA, we incorporate an estimated range for carbon
sequestered specific to Western Rangelands from Sanderson etal. (2020) to pair with
LCA findings.

OpenLCA s a publicly available LCA software that has a collection of datasets that
allow usto identify these carbon, energy, and water impact factors. In an LCA, the
results need to be assigned to impact categories that are both relevant to the supply
chain being analyzed and independent enough to not overlap or allow for double-
counting. All three impacts are calculated using the Environmental Footprint (EF) 2.0
method, which was developed by the European Union to standardize the process by
which organizations measure the environmental impacts of their products (European
Union, 2013). Due to limitations on the impact categories available in OpenLCA, these
impact categories are chosen. While OpenLCA uses older categories, these categories
still presentthe best available approach to measure carbon, energy, and water using
publicly available data sources. When specific data on water use or energy use of feed
was not available, data from Rotz et. al (2019) were used. This paper presents regional
averages of energy use based on the source, water use, and feed.
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Since much of the data used in this LCA are drawn from the responses of the ranches
participating in this case study, the results are not a representation of all beef produced
in Arizona and Colorado. We are using these samples to pilot this LCA methodology in
estimating environmental impacts on natural capital. There was considerable variability
in the ranch management strategies adopted across all the ranches. Allranches had
their cattle on ranges with varying levels of control over the grazing area. While many of
the ranches discussed being impacted by drought, each seemed to experience the
effects and severity of the droughtdifferently. Thisled to a wide variability in the amount
of supplemental feed provided to cattle when there was no rangeland forage available.
Breeds varied from Angus and Hereford to Corrriente and Brahman, with the latter two
being preferred for their hardiness during a drought, but the former two breeds are
preferred for their marketing value. Most likely these varying breed characteristics,
coupled with each ranch’s unique ecosystem, drove the difference in the amount of
water consumed by these cattle. Some ranches used renewable energy for water
supply while others used grid energy. Other ranches also had significantfuel
consumption for theirranch operations. Given this expansive variability it is important to
considerthese various cases as individual cases.

The graphs below show the GHG emissions, energy, and water impact for all these
ranches normalized by kg of CW. These graphs are presented as a box plot, which
depicts the range of variation among the differentimpacts. The area within the box
contains the results of the lower and upper quartile, with the median represented as the
horizontal line within the graph, and the mean represented by the “x”. By viewing these
box plots, one can see that normalized Carbon and Water Cost (Figure 14), (Figure
15)33 is variable among ranches. The water impacts were primarily driven by the water
consumed by the cattle, although in some cases this was also impacted by irrigation.
The energy impacts were driven by use of fuel on farms and the indirect energy from
the production of fuel. The carbon impacts were driven primarily by animal derived
methane followed by increasing fuel use on site.

33 The LCA calculations for water are based on blue water consumption since there is insufficient data to
estimate the water returned to the system. Water consumption used is a consumption metric, not a net
balance metric. Blue water excludes the flow of water from the cattle to the system.
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Figure 11. GHG emissions impact per kg CW.
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Figure 12. Energy impact per kg CW.
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Figure 13. Water impact per kg CW.
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Figure 14. Carbon cost per kg CW.
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Normalized water cost (S$/kg CW)
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Figure 15. Water cost per kg CW.

It is crucial to understand that LCA presents results based on the data that is provided.
Given that negative externalities are a crucial componentto the concept of TCA, it
becomes necessary for practitioners to access records to fuel use, electricity use, water
use, and feed use at the farm level. Background data is the second side of the coin.
There are many standardized datasets for a LCA, but many of them are getting old and
may notbe applicable. Access to latest data specific to a geography will be crucial for a
more accurate interpretation. Each farm is unique, and the management practices vary.
Farm level style data collection and data matching, while expensive to both the farmer
and the examiners, is critical. This will accountfor variability as well as some
uncertainty.

From a methodological perspective, uncertainty must be dealt with some kind of
uncertainty assessmentwhile carrying a TCA style accounting procedure. While this
pilot project has analyzed a small sample of select farms in Arizona and Colorado,
uncertainty assessments become very important as larger sample sizes are chosen.
Even within the selectfarms, there was considerable variability in the kind of energy
sources, feed sources, cattle breeds, management styles, as well as water consumed.
When analysis is expanded to scale, it will be best to carry out a Monte-Carlo
assessment to identify regional netbalance using the TEEBAgriFood Evaluation
Framework.
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There are standards being developed to carry out accounting for biogenic methane. The
key concept around biogenic methane is permanence. How long does the carbon get
stored? Early insightsinto permanence indicate thatit will be crucial to accountfor
aboveground and belowground biomass in order to accountfor biogenic methane. A
similar argument can be made for nitrogen. Nitrous oxides are GHG emissions butwere
notincluded in the current pilot. The assessment of nitrous oxides is especially critical
for agriculture due to the extensive use of fertilizers in the feed system. The cattle
system is highly dependenton the feed system, which makes it a key driver of nitrous
oxide emission.

The final key takeaway is at a much larger level and deals with rural-urban boundaries,
land use change, and material flows. While the beef product typically flows from the
rural region to the urban region, the resources associated with the production of beef is
in constant competition with resource intensive urban regions. In a planetwith finite
resources, it is critical to understand where the resources are needed, and a fair
resource allocation needs to be carried out. For example, regions with extreme water
stress may not be able to afford exporting embedded water through high waterintense
products. In other cases, water costs might need to be adjusted so that it accounts for
some monetary value representative of the high-water stress in the region. The same
economic principles can be applied for other resources and scarcity.
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Assigning a True Cost

Our findings suggestthatthere may be no cost associated with grazing the rangeland
on the ranches we study; we do notfind evidence that cattle on the range significantly
increase or decrease annual biomass production and biodiversity over time. Ranching
seems to be only a secondary effect in thisregard, as temperature and precipitation
drive the productivity and biodiversity of the range. While the ranchers hoped certain
practices would improve the range and may be disappointed to not have evidence of
this, itis possible the methods used on these operations prevent the degradation
associated with overgrazing, minimizing the negative associations per head of cattle (in
CW) coming out of their operation. We also see qualitative evidence thatin times of
drought, these operations may support conservation through water development
projects which help supportvarious populations of wildlife.

Through our case studies, we find evidence of value generated by theranchesin the
form of human and social capital. The ranches we study have highly experienced and
educated operators. Specific place-based knowledge, animal stewardship skills,
rangeland managementexperience, and more establish these ranches as successful
businesses that help provide a significant protein source consumed daily in the US.
Further, there is value generated generationally as training and mentorship transfer
skills to the nextgeneration of ranchersin the US, a crucial transferthat ensures
farmland protection and food security: withoutfarms there would be no food, and
withoutfarmers there can be no farms. Lastly, the ranchers we study contribute value to
the social makeup of rural America, fostering a sense of trust and community that
contributes to societal well-being. We see this value in many forms, from ranch specific
technical assistance to network information exchanges, and crisis support. While we
have not yet assigned a dollaramountto these qualitative elements of the ranches, itis
important to note that value is generated, and so our “True-Cost” of cattle is coupled
with harder to quantify benefits thatone could view as the less tangible societal services
these ranchers provide. We can, however, assess the monetary value of social and
human capital to the cow-calf and cow-calf combinations operations, and interpret a
socio-cultural value of ranching atthe county level when evaluating unpaid labor
motivations.

The LCA of the eleven ranches in our study quantified some important negative
externalities such as GHG emissions, water use, and energy consumption. Based on
the price of carbon from the US Interagency Working Group on Social Cost of
Greenhouse Gases (2021) and of irrigation water (assuming average maximized value
of water) from D’Odorico et al (2020), GHG emissions and water use, which can be
considered negative externalities, were monetized. However, as the qualitative results
show, ranches also produce positive externalities, such as wildlife conservation. To
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guantify and monetize some of these positive externalities, we used the range of carbon
sequestered specifically associated with grazing provided by Sanderson et al (2020) to
calculate an estimated benefitusing the same monetization factor as used in the LCA.
They reported that where grazing has increased soil C ranges of between 0.05 and 3
ton/halyr. So, we calculated a monetary value for those rates of soil carbon
sequestration (low and high) based on the same price of carbon as for carbon
emissions (Table 8). In addition to carbon sequestered, we use the method developed
by Maher et al. (2021) and the monetization factors provided by Maher et al. (2020) for
Arizona and Colorado. Maher et al. (2021) identified three categories of ecosystem
services that constitute positive externalities associated with cattle ranchingin the US:
(2) wildlife-related recreation; (2) forage production; and (3) other ecosystem services.
They estimated a per hectare value for each of these ecosystem services. Values for
wildlife recreation were estimated based on the number of recreation days per year and
estimates of neteconomic values for wildlife-related recreation per day. The value of
forage production was based on pasture rental rate data for private lands, and for
leased public lands, the value was estimated through a complex process based on the
NASS private lease rate for each US state. Therefore, these authors calculated different
monetization factors for forage in leased federal lands and in private lands. The value of
other ecosystem services was based on the CRP Grasslands annual rental payments
for non-specified services (for details see Maher et al., 2021). 34

Table 8. Value of positive externalities from recreation, forage, general ecosystem
services, and carbon sequestered ($, 2020).

Positive externalities Arizona Colorado
Carbon sequestration
Value of sequestered carbon low ($/ha)? 8.45 8.45
Value of sequestered carbon high ($/ha)® 507.00 507.00
Ecosystem services
(a) Federal forage ($/ha) 2.98 3.73
(b) Private forage ($/ha) 6.01 14.62
(c) General ecosystem services ($/ha) 5.54 11.17
(d) Wildlife-related recreation value ($/ha) 47.15 47.18
Total value/ ha Federal land ($/ha) (a+c+d) 55.66 62.09
Total value/ ha Private land ($/ha) (b+c+d) 58.69 72.97

2 Low rate of soil C increase: 0.05 ton C/halyr.
b High rate of soil C increase: 3 ton C/halyr.

34 value of positive externalities from recreation, forage, and ecosystem services from Maher et al.,
(2021) in $ of 2017 updated to $ of 2020 using the CPI. Data for the carbon price originally in $ of 2020
(U.S. Interagency Working Group on Social Cost of Greenhouse Gases, 2021).
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Source: Maher et al., 2020. Value of Arizona Beef Cattle Ranching Ecosystem Services p. 16.
Value of Colorado Beef Cattle Ranching Ecosystem Services p. 25. Values in $ of 2020 using
the CPI. Data for carbon price originally in 2020.

Tables 9 shows the estimated monetary value calculated for the positive and negative
externalities for each of the eleven ranches in our study, showing notonly total values
but also the value of the differentcomponents associated with both types of externalities
(a detailed description of the methodology is presented in Appendix E). We assume that
in Arizona, 10% of the land area is private and the remaining 90% s leased. We also
assume that the value of forage is similar between federal and state lands since Maher
et al. only provide estimates for federal land, butour study showed thatranchers leased
both federal and state lands. In Colorado, we assume that 90% is private land and 10%
Is leased land. With those assumptions we calculated a monetary value for the positive
externalities between $1.28 and $20.59 per kg of CW for the low rate of soil C
sequestration and between $9.26 and $179.94 for the high rate of soil C
sequestration.3> These estimates show great variation across ranches, particularly since
some of the ranches had lowerthan usual stocking rates due to drought. We also show
overall estimates of the positive and negative externalities calculated by aggregating the
data across ranches, thus smoothing the variation in the data to provide a better sense
of the magnitudes of the differenttypes of externalities. The positive externalitiesin the
case of the low rate of soil carbon sequestration are dominated by wildlife value.
However, in the case of the high rate of soil carbon sequestration, positive externalities
are dominated by the value of carbon sequestration thatare many orders of magnitude
larger than any other externality.

As indicated earlier, the value of negative externalities was obtained from the LCA. The
estimated monetary value for the negative externalities varied between $57.65 and
$58.35 per kg of CW and these estimates were mostly due to the normalized Carbon
cost with relatively low variability. The table also shows the average market value of CW
based on the total number of animals sold and the total value of the sales, which is
included as a positive economic contribution.

35 As indicated in Table 9, the estimates of the magnitude of positive externalities may be overestimated
in the case of afew ranches since they had lower than usual stocking rates due to drought.
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Table 9. Summary of monetization of positive and negative externalities and average market price of CW in kg ($, 2020).

State Arizona Colorado Overall
Ranch Ad B D¢ E¢ F GH H I J K L
Positive externalities 9.66 4.20 19.62 | 20.59 8.58 13.18 9.67 1.28 3.06 8.71 3.84 6.88
(Low)?
Positive externalities 84.42 36.75 | 171.48 | 179.94 | 75.02 | 115.16 | 69.66 9.26 22.04 | 62.76 | 27.65 | 52.23
(High)®
Forage 0.49 0.21 1.00 1.05 0.44 0.67 1.63 0.22 0.52 1.47 0.65 0.80
General services 0.83 0.36 1.69 1.77 0.74 1.13 1.34 0.18 0.43 1.21 0.53 1.02
Wildlife value 7.07 3.08 14.36 | 15.07 6.28 9.65 5.68 0.75 1.80 5.11 2.25 4.29
Carbon sequestration 1.27 0.55 2.57 2.70 1.13 1.73 1.02 0.14 0.32 0.92 0.40 0.77
(Low)?2
Carbon sequestration 76.03 | 33.09 | 154.43 | 162.05 | 67.56 | 103.71| 61.01 8.11 19.30 | 54.96 | 24.21 | 46.12
(High)®
Negative externalities -57.76 | -57.48 | -57.72 | -57.84 | -57.78 | -58.35 | -57.74 | -57.65 | -57.70 | -57.70 | -57.74 | 57.77
Normalized C Cost -57.70 | -57.44 | -57.70 | -57.70 | -57.66 | -58.24 | -57.70 | -57.65 | -57.64 | -57.58 | -57.66 | 57.70
Normalized Water Cost | -0.06 -0.04 | -0.01 | -0.24 -0.12 -0.11 -0.04 0.00 -0.06 -0.13 | -0.08 0.07
Average market price® 2.79 2.79 2.79 2.79 2.79 2.79 3.31 3.31 3.31 3.31 3.31 3.25
Market price + net
value externalities
Rate of soil C increase -45.31 | -50.49 | -35.30 | -34.46 | -46.40 | -42.38 | -44.76 | -53.05 | -51.33 | -45.68 | -50.59 | -47.64
(Low)?
Rate of soil C increase 29.45 | -17.94 | 116.56 | 124.89 | 20.04 59.60 15.23 | -45.08 | -32.34 8.37 -26.78 | -2.29
(High)®

a Low rate of soil Cincrease: 0.05 ton C/halyr.

b High rate of soil Cincrease: 3 ton C/halyr.

¢ Sales prices from NASS (2017i) in $ of 2017 updated to $ of 2020 using the PPl Commodity index from farm products-livestock.
d Estimates from these ranches may overestimate positive externalities since their stocking rates were lower than usual due to drought as

ranchers indicated during the interviews.
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Results show that the monetary value of the examined positive and negative
externalities are substantial compared to the market value of the animals sold by the
eleven ranches in the study, and there is considerable variation across ranches forthe
positive externalities, but notfor the negative externalities (Figure 16). The True Cost
that includes the market price plus the positive externalities minus the negative
externalities is always negative for the low rate of soil C sequestration and itis quite
substantial. However, it can be positive for certain ranches for the high rate of soil C
sequestration since the magnitude of C sequestration more than compensates the cost
of C emissions of those ranches. Although, these externalities are only partial, they
show the substantial values of cattle production are overlooked in the cow-calf supply
chain.
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M Positive externalities: Lowest rate of soil Cincrease (0.05 ton C/ha/yr)

Figure 16. Monetized value of positive and negative externalities, and average market
price per ranch ($, 2020).

It should be pointed out that the way positive externalities are calculated is associated
with the area of a ranch, while calculations of the negative externalities are associated
with the ranches’ number of head of cattle. The way these two types of externalities
interact can be illustrated by plotting the True Costs per ranch againstthe hectares per
animal per ranch showing linear relationships with different slopes depending on low or
high rate of soil C sequestration (Figure 17). Unlike a simple LCA that only captures
negative environmental externalities, the TCA captures both positive and negative
externalities generated through different mechanisms (e.g., land vs. number of animals).
Since the most important componentis the rate of soil C sequestration and this is based
on area, the larger the area the larger the positive externality and since to convertto kg
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CW depends on the number of animals, the smaller the number of animals relative to
the land, the larger the benefit per kg CW.
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Figure 17. Relationship between the land per animal and the True Cost by ranch for the
low and high rates of soil C sequestration ($, 2020).
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Methodological Lessons Learned

Use of Mixed Methods and Mixed Scales

Our study utilizes varying methods and scales to understand the relationships between
the four capitals as dependencies, outcomes, and impacts in cow-calf and cow-calf
combination operations of Arizona and Colorado. We understand dependencies as
stocks of wealth at the community level, and to accurately quantify and monetize such
stocks of wealth requires a larger scale than that of the ranch, making available county-
level data the optimal available scale to understand how capitals at the community level
contribute to cow-calf market in the Western Mountain region. To understand outcomes
and impacts across the capitals, however, we must use methodologies that can uncover
more granular, ranch specific data, and the ranch becomes the unit of analysis. Our
case studies provide important qualitative data to help explain quantitative findings
(including dependencies, outcomes, and impacts) and most notably to develop a deeper
understanding around human and social characteristics of the ranches we partner with.

Natural capital

Soil sampling helped us to test how useful soil samples may be to understand the value
or cost of cow-calf and cow-calf combinations operations on the soil health of the
rangeland. Throughoutthis process we learned that due to the vast size of cow-calf
operations, and the great variability in soil (even within pastures), soil samples in the
field that are from one period in time are limited in use. Results give only a characteristic
for pastures studied at that time period, proving insufficientto characterize the impact of
grazing on the rangeland. Increasing the number of soil samples to cover vast areas of
the range over long periods of time is cost-prohibitive for practical use in TCA. We
needed a temporal analysis at the ranch-level that spans decades to help us better
guantify the health of the rangeland and impacts on rangeland health overtime.

To address these shortcomings in our study, we developed a new methodology that
assessed biomass and biodiversity of the ranch as a whole over time to assess whether
biomass was significantly increasing or decreasing (when controlled for temperature
and precipitation). Biomass production is assumed to be indicative of soil health as
improved soil health will allow for more biomass production. This methodology offered
great value in allowing us to look for significantchanges from 1986-2019 with many
data points, and we were able to determine that when controlled for temperature and
precipitation there has not been significant decreases in our biomass and biodiversity
indicators over time. This suggests that in these cases there is no cost associated with
grazing the rangeland, buta more robust study is needed to further expand
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comparisons (such as our buffer experiment) with a larger sample more representative
of the population at large. Further, it would be beneficial to expand the type of data used
for our biomass and biodiversity indicators and expand our use of satellite data to
understand the quality and a more precise composition of biomass and biodiversity on
the rangeland. In future study design, it may be beneficial to complement geospatial
datasets with data collected by ranch partners over the years. Many ranchers collect on -
site data on soil health and have on-going monitoring sites to inform decision making.

When sampling, it may be beneficial to inquire aboutavailable data and monitoring with
ranch partners to evaluate if localized available data exists at the ranch level that could
complement geospatial findings. Lastly, our LCA model allows usto accountfor linear
relationships in natural capital. It complements our quantification of ranch biomass and
biodiversity with more transactional components of natural capital, quantifying and
monetizing GHG emissions, water, and energy impacts at the ranch-level. The LCA
model proved to be very useful for assessing transactional relationships in natural
capital butwas unable to holistically account for more hard-to-capture elements which
required us to turn to the literature and other methods to understand the system at
large.

Human and social capital

A very interesting insightthatarose from our case-studies was the flow of human and
social capitals. Ranches use social and human capital as inputsinto theirranch and
contribute to stocks of wealth in human and social capital at the community level
through their sharing of knowledge, community support offered, and participation in
social groups. This informs that a methodology focused on quantifying human and
social impact must unravel this feedback loop and find anchors to understand positive
and negative impacts of cow-calf and cow-calf combination operations. While our study
usedthe ranch as the unitof analysis in data collection on impact of human and social
capital, we were unable to quantify these impacts due to the complexity of the system in
which dependencies and outcomes are exchanged across scales. One of the big
problems that emerges in this type of complex system is the relationship between
variables under study. Dependencies have an impact on outcomes and outcomes feed
back into dependencies. While we have quantified and monetized the dependencies of
human and social capital at the county-level, the study and quantification of human and
social capital as outcomes/impacts merits more research and deep thought.

Reflections of methodological learnings

In general, the results from different methods pointto similar conclusions and reinforce
each other. The case studies were the basis for our study and are recommended for
applied TCA approaches as they provided important data and insights. However, the
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quantitative data obtained from rancher surveys was limited due to concerns with
confidentiality and the sample size. For example, the data on different capitals collected
was simple consisting mainly of frequencies, and the monetary data elicited was limited,
involving ranges of income or subjective evaluations of revenue. Future work should
target larger sample sizes and refine surveys carefully to obtain easily quantifiable data
that can ideally be monetized.

The use of secondary data complemented the data from the case studies. The LCA
combined with survey data and data from the literature enabled an estimation of the
True Cost of a kg of CW of beef bringing together the market price and the monetization
of the associated positive and negative externalities. The temporal analysis of biomass
and biodiversity over time with the buffer was consistentwith the case study data that
show a conservative management of the range and no negative impacts. This analysis
also helped overcome limitations of soil sampling on expansive ranches and helped
analyze the ranch as the unitof analysis. Statistical models, Model 1 and Model 2, do
not contribute to the true cost, but they both evaluate dependencies, and make social,
human and natural dependencies visible by evaluating their relationship to cow-calf
outcomes.

Table 10. Methodologies across the study.

Methodology Scale Contributions Shortcomings
Model 1 Quantifies and monetizes | We assume causation
County the social, human, even though it is based
produced and natural on correlations, this
dependencies of the model is focused on
market value of cow-calf | TCA dependencies and
operations. cannot assess TCA

outcomes or im pacts.

Model 2 County Replicable approach Potential endogeneity of
using peer-reviewed the capital stock
indicators of wealth variables (i.e., that they
available via secondary may be correlated with
data for almost every the error term resulting
county in the US that in biased estimates).
demonstrates the Such a correlation could
relationship between be present if the capital
different development stocks are affected by
outcomes and the dependent variable
comprehensive wealth. (reverse causality), if

capital stocks and the
outcomes variables are
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responding to
unmeasured factors that
lead to correlations
between the capital
stocks and the
outcomes (omitted
variable bias), or due to
measurement error in
the capital stock

variables.

Case studies with Ranch Provides very detailed This type of data and

ranchers qualitative and sample variation/size

(questionnaires and guantitative data at the has a limited capacity

interviews) ranch-level. for establishing

Helped us to understand | clear associations or
the relationship between | quantification and
the capitals, human, monetization of the
social, produced, and capitals.
natural and to
gualitatively assess
dependencies,
outcomes, and impacts.
Data was used in the
LCA to help quantify
impacts at the ranch-
level.

Soil Sampling Pastures | Tests soil sample Ranches cover vast
methodology on areas, and soil changes
rangeland. Can provide occur slowly over
guantifiable data on decades, making it
specific pastures. difficult to conclude a

meaningful
guantification or
characterization with soil
samples from fieldsin
one period of time.

Temporal analysis of | Ranch Assesses the ranch The buffers are

biomass and
biodiversity over time
with buffer

biomass production and
biodiversity over time
allowing for a more
reliable quantification of
natural capital by ranch.
An innovative method to

theoretical and an
uncertain comparison.
We cannot monetize at
the ranch-level (but are
able to at the county
scale), as we do not
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be expanded with remote
sensing in future work.
Allows us to see the
impact of climate change
with temperature and
precipitation.

have more granular data
on the composition and
quality of biomass and
vegetative cover.

A Life Cycle-
Assessment (LCA) of
the case-study
ranches in terms of
greenhouse gasses
(GHG) emissions,
energy, and water
impacts

Ranch

Quantifies and monetizes
aspects of natural capital
on the ranches; GHG
emissions, water, and
energy.

Assesses only costs for
a limited number of
aspects related only to
natural capital, the
estimates are based on
a very small number of
observations that are
not representative of the
population. The
monetization factors
involve uncertainty. We
use literature to
calculate variables for
positive externalities.
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Policy Insights

Through a holistic TCA analysis, our research team drew policy insights thattouch on a
wide range of areas related to ranching. Firstly, our work would not have been possible
without high quality publicly available data sources, emphasizing the need for continued
investmentin data collection efforts at USDA Economic Research Service (ERS),
National Agricultural Statistics Service (NASS), and Natural Resources Con servation
Services (NRCYS).

With a focus on incorporating human and social aspects of TCA, our results highlight
the importance of ranch survivability and the transition of operations, with a value
ingrained in multi-generational ranch knowledge. While existing policies include
incentives at state and federal levels to support land transfer and beginning farmers and
ranchers such asthe Conservation Reserve Program-Transitions Incentive Program
(federal) or easements and tax credit structures (state), we need policies that combine
economic incentives with the human-social aspects uncovered in this work.
Multigenerational ranches are valuable because of the localized knowledge passed
down. Policies that focus on transferring ownership of land should be combin ed with
incentives to transfer the business skills, agricultural knowledge, and land stewardship
to a new generation (both familial and outside of the family).

Further, social, and human stocks of wealth contribute to market outcomes of ranches
and are important intervention points for a thriving cattle herd in the Western US.
Supporting the rural safety net through investments in rural hospitals, broadband,
telehealth, telelearning, and otherimportant social investments can lead to beneficial
outcomes at the ranch.

Anotherinteresting finding, diversity in size of ranches was a valuable inputto the cow-
calf market. We must build policies that support this diversity. Strengthening local and
regional markets is one means to fostering a more diverse marketplace with diverse
actors. Investment and policies to strengthen more and better markets for ranchers
should be prioritized. Consolidation and anti-competitiveness further up the supply chain
hurts ranch survivability, especially for smaller players. The currentlegislation aimed at
correcting anti-competitive behavior in the meatpacking industry and recent funding
allocated to new and smaller meat-packing plants may resultin a more robust
meatpacker's market to support diverse ranch operations.

Through ourinterviews, ranchers discussed increased pressure as the publicincreased
rangeland access and recreation during the pandemic. Fences were often left open and
there were concerns of speeding on back roads and fire safety. As more of the public
explore these multi-purpose spaces it is important to increase public education around
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recreating responsibly. Anotherissue surrounding rancher relations with the public;
environmentalists and ranchers have long been pitted againstone-anotherin the West
with great tension over public grazing fees. While environmental groups often push for
higher grazing fees on public lands, if replicated in larger studies, our findings support
the continuation of low grazing fees on public lands as we do not find evidence of
degradation, and we find benefits associated with these ranches. Further, due to the
patchwork of actors and land managers in the West, collaboration is key. We need more
policies that break through silos and bring stakeholders together in the West to co-
manage for shared values and common interests (most notably conservation of the land
and resources).

Lastly, climate change brings great challenges to ranching as we know itin the West.
Especially in arid regions, the forage cow-calf operations depend upon are threatened
by droughtand fire stress. Funding is needed to explore sustainable, affordable feed
alternatives for dry years such asinsect proteins, and to explore more climate resilient
breeds that are droughttolerant and feed efficient. Further, when supporting climate
resilientagriculture initiatives, there has been a great focus on carbon capture. Policies
around land and soil health are often not applicable to arid and semi-arid rangeland
health indicators. Our soil samples show the complexity of measuring soil benefits such
as carbon sequestration in the ranching context. There are also many important benefits
beyond carbon to considerin these agricultural ecosystems. Moving forward, it will be
important to build climate policies that take a more tailored approach to assessing
climate sustainability. Considering the global warming potential (GWP) of methane, and
the lack of consensus surrounding recyclability of methane in the cow-calf system itis
crucial to fund more research in this area. Such research could build consensus around
the cost of methane for different systems and management practices and drive
innovations to reduce negative impacts in the cattle industry through feed, breed, or
even species of livestock on the range. Given the importance and the span of
rangelandsin the US, policies should consider rangelands in the methods developed for
measuring outcomes and incentivizing climate-smart practices.
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Study Limitations

Our study presents limitations in design and interpretation. Initially this study had
planned to research the role of slaughterhouses and meatpacking facilities, and
rendering plants, butwe decided to narrow the scope of ouranalysis in the face of
COVID and the complexity of our undertaking. We had also aimed to compare various
typologies that included grass-fed and more conventional systems, but in the field,
reality did not allow for such a comparison. The cow-calf part of the beef supply chain is
basically the same for conventional and grass-fed beef, and ranchers often have both
types of supply chains coexisting side by side. Therefore, basinga TCA analysis on
comparisons of conventional and grass-fed beef supply chains was notfeasible under
the conditions of Arizona and Colorado. Typologies are valuable analytical devices that
allow meaningful comparisons useful for quantifying impacts at the ranch level.
However, we are unable to create any typologies with our sample as our sample size is
too small and lacks variation to piece out similarities and differences needed for
meaningful comparisons.

We acknowledge selection biasin the choice of participantsin our study due to our
sampling methodology which relied heavily on networks. This may have resulted in our
sample representing a “best-case” scenario of cattle as a commodity. The results may
have been entirely differenthad we sampled randomly and considered the cost of poor
rangeland managementand overgrazing. Such bias in our sample may restrict the
applicability of our findings.

Because of our sample size, our geospatial analysis of biomass and biodiversity cannot
provide substantive evidence thatranching does notinfluence vegetative cover,
environmental heterogeneity, and biodiversity. There may be cases where it does, but
we have shown evidence thatwell-managed ranches (as in our case studies) may not
negatively impact the environment. Our results are only applicable to the sites of our
case studies, and we cannot make broader generalizations aboutranching atlarge.
Other limitations in our geospatial analysis involve missing data for land-use history of
our bufferzones which limitwhatwe can infer from the bufferand ranch comparison.
Essentially, our buffers are land not managed by the specific ranchers we study, but we
do not know if other ranchers may be grazing parcels of the buffer zone, or how that
land is used. It would be valuable for future work to piece outboth land use and land
use history to strengthen whatour analysis can suggest. Our biodiversity metric is
based on heterogeneity of vegetative cover, but noton any direct measurement of
vegetative species diversity. To improve this metric, we hope to expand our biodiversity
metric by exploring the use of more detailed remote sensingin the future.
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Similarly, our LCA model is limited to a ranch-by-ranch case and cannotbe applied to
monetize the cost of feed, water, and GHG emissions in all cow-calf and cow-calf
combinations operations. Even at the ranch level, our LCA derived costs are limited to
feed, GHG emissions and water and are uncertain. They assume blue water is used for
all water use, assume all cattle is the average CW (366.8 kg), and in cases where data
was not available, we assume type and amountof feed based off national averages.
Methane emissions vary by the quality of feed on the range and supplemental feed
used. There is also great debate surrounding the recyclability of such emissions, which
we could notdiscern and so we paired it with a range of assumed carbon sequestered
based on the literature. Methane emissions prove a significant negative externality of
cattle, leaving important work for future research. With these assumptions, we are
unable to discern the impact of different breeds of cattle, which differin frame size and
weight, and our output may notbe reflective of the ranch’s more specific management
techniques. Another major limitation was found in our soil sampling which is very limited
in meaning and interpretation. Because ranches are vast and have variation even within
pastures, and soil health changes occur very slowly over time, itis better to combine
larger data sets (such as the Soil Survey Geographic Database [SSURGO] and
geospatial data) with data the ranchers themselves have collected over time than to rely
on single samples at one pointin time from specific pastures.

Further,issues are often raised around beef livestock production thatwe did notsee in
our ranch-level analysis. For example, erosion is an issue that was broughtupin our
ranch interviews and is also a subject of discussion in academic journals and the
popular press (Bland, 2012). Alternatively, Concentrated Animal Feeding Operations
(CAFO’s) have been cited as leading to respiratory issues and an increased occurrence
of both asthma and allergies in neighboring residential neighborhoods (Schultz etal.,
2019). These negative impacts on social and human capitals never arose in this study,
likely due to the low-density stocking observed at the case study ranches, and the small
sample size.

Lastly, our statistical analyses provide important context to the dependencies across
capitals in the cow-calf system, butin Model 1 the marginal values of differentindicators
are challenging to interpret and in Model 2 we are unable to calculate marginal effects
on principal components. Ideally a TCA approach would be able to monetize all
dependencies in comparable functional units, leaving more work to be done in this
space.

Many of these limitations illuminate the challenges in applying the TCA methodology in

the real world at smaller scales, and at mixed scales. Addressing multiple scales
creates difficulty forinterpretation, as there is not an automatic relationship between
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scales. Reports that reach more definitive “True Costs” than ours, such as the
Rockefeller Report (Rockefeller Foundation, 2021) or the University of Cambridge’s
framework to support better stewardship of biodiversity in global supply chains
(University of Cambridge Institute for Sustainability Leadership, 2020), rely on data at
much larger, national scales. In our case, using county-level data allowed for the
monetization of dependencies due to the improved quality of large data sets available,
but there were large technical difficulties presented when trying to quantify and
monetize all the capitals as impacts at the smaller-scale of the ranch, most specifically
surrounding social and human outcomes. Even with these limitations in mind, our
results still provide important and valuable insights that are relevantbeyond the specific
scope of the study and make novel contributions to understanding both the potential for
sustainable ranching, and the challenges ranchers face.
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Conclusion

Our study explores dependencies associated with ranch performance and the negative
and positive externalities of ranches in Arizona and Colorado. We see a significant
relationship between cattle sales and indicators of social, human, and natural capital at
the county level. Model 1, based on counties in the Western Mountain region, quantifies
the contributions of produced, natural, human, and social capitals to the gross value of
the sales of cattle and calves, i.e., the key market value produced by the cow-calf
supply chain. In other words, the most important market-based provisioning ecosystem
service derived by humans fromrangelands. Through our results, we estimate a
monetary value for the contributions of social, human, and natural capitals based on
their association with the gross value of cattle sales.

Of specificinterest are aspects of the cow-calf system that are less examined in the
literature: human and social capital. In the Western Mountain Region, the additional
value generated from social capital amounted to an average of $70,952 per county for
community-centered indicators3® (Calculated using PCA, please see Appendix D for an
expanded explanation),and $1,861,209 per county for our ranch-specific indicator
(diversity in operations). Two of ourindicators for human capital (diversity in age of
ranchers and the number of paid workers) generate an additional value of $2,225,791
and $68,920 per county respectively. The high values associated with these social and
human indicators show how the market performance of ranches in the Western
Mountain region depends on non-market factors associated with these capitals. In our
case studies, almost all ranchers described an equal exchange of giving and receiving
from social organizations. Informal and formal social groups were viewed as extremely
valuable, offering business advice, emotional support, political support, and aid in times
of crisis. Community reciprocity helped ranching communities survive the difficult past
few years of fire, droughtand a pandemic serving as both an inputand output of
ranches.

With anotherindicator of human capital used (unpaid labor), our results show a negative
association with the value of cattle sales. The amount of unpaid labor is most likely
related to the principal operators (ranchers) and their families since they are the most
likely workers notto be paid.®’ This negative relationship (consistent with the literature)
may reflect ranchers’ motivation to be involved in ranching even when profitability may

36 In the regression we applied the county-level index of social capital developed by Rupasingha et al.
(2006) to cattle production. While this index has been widely used in the literature, this report is the first to
use it in this context, showing that there is a positive association of this index and the gross value of the
sale of cattle and calves.

37 Unpaid labor’s relationship to principal operators’ work is reflected in the strong correlation between the
number of unpaid workers and persons in the household of principal producers (0.96).
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be very low or nonexistent because of non-marketinterests of lifestyle, identity, and
culture (e.g., Gentner & Tanaka, 2002; McSweeney & Raish, 2012; Torell et al., 2001).
This is consistentwith our case studies in which the majority of ranchers rated their
subjective quality of life as good, but in interviews many ranchers described profits as
either low or non-existent. They attributed their motivations for staying in the game
(even with low-to-no profits) to the culture of ranching and the emotional well-being that
comes along with such alifestyle. With this in mind, unpaid labor serves as an indicator
that reflects the motivations of ranchers beyond profit-making and the loss associated
with unpaid labor can be interpreted as an implied subsidy ranches provide to society
dueto the cultural and personal benefits ranching generates. In other words, the socio-
cultural impact of ranching can be valued at $221,404 per county (the decreased cow-
calf market value associated with unpaid labor).

The variables with the greatest impact on the value of the gross sales (i.e., magnitude of
the regression coefficient) and statistical significance (a low probability that the
observed relationship was due to chance) are the diversity of the ages of the principal
operator and diversity of the size of operations. These variables reflect human and
social capital respectively. It is noteworthy that they have a larger impact on the value of
sales than the asset value of buildings and land plus the asset value of machinery,
indicators of produced capital. One of our most interesting qualitative results comes in
understanding the social value of multigenerational ranches, and the importance of
transferring the skills and knowledge from one generation of ranchersto the next. There
is value at both the individual and community level as these relationships foster thriving
rural communities and lifestyles in the West. Consistentwith our qualitative findings, the
positive monetization of a diversity in age of producers suggests the importance of
fostering human capital and implies an important role for existing operationsto play in
training a next generation. This further highlights the importance of multi-generational
ranches who can serve as hot-spots for building human capital overtime and
transferring knowledge to younger producers in a mixed-age system. The positive
monetization of the diversity in scale of operations (size) and social capital indicators
(such as number of social groups and voting participation) emphasizes that the social
make-up is valuable in rural America and serves a vital role in Western ranching.

The significance of the diversity of the size of operationsis a novel result, suggesting
that having more diversity of operations of differentsizes may contribute to creating
multiple business opportunities for supporting goods and services, job opportunities, as
well as smaller operations benefiting from the services that the presence of larger
operations enable. This is a relationship that merits further research to confirmthatin
fact this diversity creates a richer social environmentthatis conducive to more profitable
ranching operations as a group, notjust individually. We also show the significance of

106



the Gini coefficient of the distribution of the number of head of cattle by the size of
operations, indicating that counties with a few larger ranches generate higher gross
value which is consistentwith the idea that they reflect high economies of scale and
thus profitability. These results taken together suggest a trade-off between
concentration and diversity that merits further exploration. Overall, Model 1 results
highlighthow non-market human and social factors are significantto the sales of cattle
and calves, estimating high levels of monetary value associated with social and human
“‘public goods” that are notformalized parts of the marketplace.

Consistentwith Model 1, Model 2 further explores dependencies, adding five outcome
variables of interest. This model again shows how stocks of wealth at the community
level have important relationships to ranch outcomes selected as dependentvariables:
livestock sales as a percent of agricultural sales, rotational grazing, EQIP participation,
share of multigenerational livestock operations, and share of livestock operations
profitable. Our qualitative results demonstrate the importance of valuing ranch
survivability, managed grazing, and the survivability of multigenerational ranches.
Recognizing how stocks of wealth are related to desirable (and undesirable) outcomes,
our econometric model provides further evidence of the need to look beyond the ranch
when formulating solutions for sustainable livestock production. Further, our results
suggest some spill-over effects of stocks of wealth on neighboring counties, revealing
the importance to look even beyond individual communities to the web of
interconnections and relationships atlarge considering clusters of communities when
guantifying dependencies and outcomes of a system.

Homing in on impacts cow-calf and cow-calf combinations operations have on natural
capital, we turn to the ranch asthe unitof analysis. Our study tells a more nuanced
story compared to popular media surrounding ranching, which often focuses on cattle
as major contributorsto climate change and environmental degradation. Our temporal
analysis of biomass production and biodiversity does not find evidence of environmental
degradation from grazing and suggests climate as the main driver in changesto
environmental health of the rangeland. We also find through surveys and interviews that
the ranchersin our case studies often perceive themselves as stewards of the land and
are driven by motivationsto conserve open space and support wildlife. It can be argued
that the semi-arid Western rangelands are a more sustainable landscape for cattle
production and supporting cattle production in these environments is preferable to
spaces where deforestation for the purpose of cattle production generates larger social
and environmental costs. An example of these larger costs would be Brazil’s continued
clearing of the Amazon rainforestin order to keep up with demand for beef exports
(Fearnside, 2017). Our calculations based on the literature and our specific case studies
monetize a range of positive externalities of $6.88 /kg CW to $52.23 /kg CW. While
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these quantitative and qualitative findings signify a generation of natural capital,
preserving open space also contributes to community well-being (social capital) as
ranchers support outdoor recreation such as hiking and hunting.

Although we find no evidence of grazing causing environmental degradation among our
case studies, we do find thatranchers are already experiencing the effects of climate
change, a hard reality reaffirmed by described experiences. Our results documentthe
trends of increasing temperatures and decreasing rainfall forranchesin our case
studies. The qualitative results show that such trends are impacting their operations and
ranchers are already adapting to a new era of ranching. Our interviews with ranchers
revealed the importance of both human and social capital for climate resilience in
ranching. We see climate resilience exhibited in the human capital of the ranchers as
they utilize adaptive managementpractices such as forage analyses, grazing plans,
breeding decisions, and drought plans. They detail focusing on the land and adapting to
conditions with a hybrid model of preparation and flexibility to meet the challenges of a
changing climate. Further, social capital exists as a feedback loop in ranching
communities, where ranchers give and take supportin a mutually beneficial support
system. This adaptive resilience through community helps ranchers navigate wildfires
and droughts through the sharing of resources whetherthatbe lending a pasture or
dropping bales of hay at the ranch door. Such findings highlightthe important role
ranchers and rural communities play in climate solutions. They are already experiencing
climate change, and already addressing it daily. We need a more robust understanding
of how ranchers experience climate change and adapt to it, as well as how their
adaptations compare to those proposed by governmentagencies or universities, in
order to develop new strategies for climate change adaptation on the rangeland.

Where we do see more negative impacts from this phase of cattle production isin our
LCA analysis, largely driven by animal derived methane emissions. Based on our
specific case studies and LCA model, we monetize negative externalities to be -$57.77
/kg CW and there was little variability across ranches. When combined with our positive
externalities we reach a true cost of -$2.29 /kg CW to -47.64 /kg CW depending on
carbon sequestered. Given the weight methane holdsin the true cost of ranching, itis
important to dedicate attention to the cycle of biogenic emissions to understand
recyclability, something we are unable to fully discern in this study. Further, we should
explore the impact of cattle through the finishing stages as we hypothesize larger
Impacts may arise further down the supply chain, and these impacts may offer important
intervention points forimproving the sustainability of the cattle industry.

Our findings show the importance of evaluating both the ranch as the unitof analysis
and the communities (in our case counties) that compose the socio-ecological system at
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large, especially when understanding complex human and social elements of a system.
Ranch management, history, conditions, and profitability are important, as are factors at
higher scales, e.g., communities, counties in the positive and negative externalities
generated by cow-calf operations. Our results show that there are emergent properties
from the interactions among ranchers and their communities that are important for beef
cattle production, such as multigenerational ranches, social networks, and stocks of
natural capital and social capital at the county level. These may be important
intervention points to support sustainable ranching, and merit further attention and
research in the cattle industry. However, we also heard from ranchers how profitability
and ranch survivability is threatened by market consolidation in the meatpacking
industry. These testimonies hold weightgiven recentpolicy actions taken to investigate
market consolidation in the meatpacking industry and allocated funds to support smaller
scale slaughterand packing facilities.

Continuing research on the value of ranch survivability across all capitals, especially
social and human capital elements that are less visible in the market, will be important
to better quantify the cost of a loss of ranches. Popular media often overlooks non -
market aspects of the system focusing on the main hurdles to farmers as economic
issues and policy decisions, such as bailout programs that primarily benefitthe largest
producers (Heeb, 2020). Ideally, a monetary value could be attributed to all outcomes
as we have assigned them to the dependencies to better communicate the unaccounted
aspects of cattle production with the public as well as policy makers. By bringing
transparency on whatfood really costs in these areas, we also hope to understand the
hurdles ranchers face to drive equitable solutions for a more sustainable food system.

In summary, the key messages are:

e Combining multiple scales of analysis is challenging but provides a better
perspective of the system of interest since they complement each other.

e Analysisaround rangeland health needs to be done over time and at the ranch -
level (overcomes limits to soil sampling on large ranges).

e Future work should target the full supply chain to ideally monetize differences in
supply chains.

e Incorporating positive externalities is very important to reach a true cost and is
understudied in the TCA approach.
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Interviews were consistentwith quantitative models and confirmed non-market
motivations for ranching including identity, cultural, familial and conservation
values.

For dependencies, estimated monetary values were higherfor social and human
capital indicators than natural and produced capital indicators.

Social and human capital are important dependencies, or non-market factors in
cow-calf operations that require deeper policy consideration and research.

The true cost of ranching on cow-calf operations is extremely sensitive to
methane - itis a dominantforce in the true cost.

Conflicting approaches towards methane evaluation complicates TCA in this
area.

More consensus is needed for the monetization of methane, the biogenic carbon
cycle.
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Appendices

Appendix A. Arizona Ranch Selection Advisory
Committee

Early on in this study's inception an Advisory Committee (AC) was assembled. To
benefitfrom hearing from relevant stakeholders and incorporate their perspectives in
the study. This study’s AC included individuals representing a diverse group of
stakeholders, particularly experts on ranching and the cattle industry in Arizona and
Colorado. The AC reviewed and gave feedback on the original design of the study and
on the preliminary draft of our ranch questionnaire.

Feedback from this committee shaped this final report in several ways. First, committee
members almost universally suggested shortening the questionnaire and to avoid
asking specific questions aboutaranch’s financial information, as those may be seen
as intrusive and have a chilling effecton the rancher’s desire to share additional
information. Some feedback was much more specific, such as a caution that our original
intentto compare conventional cattle operations with strictly grass-fed operations would
be difficultto achieve, as there are few (if any) operations of significantsize in Arizona
that continuously raise cattle only on grass. Advisors also mentioned it would be hard to
identify ranches that owned a majority of their grazing land, due to the widespread
practice of leasing rangeland in the West.

Along with helping shape the final questionnaire, committee members also facilitated
identifying potential ranches to use in the case studies. They directed usto certain
ranches and also encouraged reaching outthrough the cooperative extension since the
ranchers would already be familiar with the extension agents. They cautioned about
introducing selection bias by relying solely on the cooperative extension. The committee
pushed for this report to clearly explain the organization strategies that would be used to
evaluate the four capitals and adhere to the TEEBAgriFood Evaluation Framework
when analyzing the data from this report. By engaging this committee early on in the
design of this report we were able to meet the TEEBAgriFood Evaluation Framework
goal of engaging stakeholders and bringing both credibility and legitimacy to this study.
We would like to give the Advisory Committee our sincere thanks for theirtime and
efforts in producing thisfinal report.
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Appendix B. Supplemental Tables and Figures

Comparisons betweenranchesand a buffer zone.
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Figure B1. Distribution of annual and perennial biomass productions.
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Figure B2. Annual trends of perennial versus annual biomass production. Each capital
letter represents a location.
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Table B1. ANOVA table for precipitation model.

Variable df | Sum of squares | Mean sum of | statistic | p-value
squares
Location 9 6244.53 693.84 54.35 0
Year 1 127.34 127.34 9.98 0.002
Location*year 9 190.14 21.13 1.65 0.099
Residuals 334 4263.93 12.77 NA NA
Table B2. ANOVA table for temperature model.
Variable df | Sum of squares | Mean sum of | statistic | p-value
squares
Location 9 21224.63 2358.29 | 2624.79 0
Year 1 102.51 102.51 114.10 0
Location*year 9 25.60 2.84 3.17 <0.01
Residuals 334 300.09 0.90 NA NA

Table B3. ANOVA table for annual biomass model.

Variable DF | F-value | p-value
(Intercept) 1| 9311.73 0
Annual precipitation 1 3453 | <0.001
Annual temperature 1| 30348 | <0.001
Land-use 1 0.20 0.656
Year 1 51.48 | <0.001
Location 9 57.30 | <0.001
Land-use* year 1 1.49 0.223
Land-use*location 9 2.21 0.020
Year*location 9 2.20 0.021
Land-use*year*location 9 0.12 0.99
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Table B4. ANOVA table for perennial biomass model.

Variable DF | F-value p-value
(Intercept) 1| 386787.10 0
Annual precipitation 1 285.60 | <0.001
Annual temperature 1 653.88 | <0.001
Land-use 1 29.59 | <0.001
Year 1 17.00 | <0.001
Location 9 173.47 | <0.001
Annual precipitation*annual temperature 1 13.57 | <0.001
Land-use*year 1 0.25 0.620
Land-use*location 9 6.02 | <0.001
Year*location 9 452 | <0.001
Land-use*year*location 9 0.64 0.77

Table B5. ANOVA table for Simpson’s Diversity Index model.

Variable df Sum of Mean sum of | statistic p-value
squares squares
Annual precipitation 1 0.032 0.032 20.04 <0.00001
Land-use 1 0.25 0.25 154.83 0
Year 1 4.98E-05 4.98E-05 0.03 0.86
Location 9 4.86 0.54 341.92 0
Land-use* year 1 4.69E-05 4.69E-05 0.023 0.86
Land-use*location 9 0.28 0.0307 19.45 0
Year*location 9 0.098 0.0109 6.91 0
Land-use*year*location 9 0.012 0.0013 0.82 0.60
Residuals 667 1.054 0.0016 NA NA
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Appendix C. Geospatial Statistical Models

Short description of models used for comparing ranches with a buffer
zone.

We first fitted a full model that included annual precipitation and temperature, plus an
interaction between these two variables (precipitation * temperature). Since itis unlikely
that the relationships between biomass and precipitation and temperature respectively
are linear,38 we also included the square of both variables. We included a variable for
the year, and an indicator variable for land-use (whetherthe data was from the ranch
(value=1) or from the buffer zone (value=0). Locations were taken into account by
including an indicator variable for each location, except one that becomes the baseline
of comparison. Since there may be several interactions among these factors we tested
for interactions between year and location, year and land-use, location and land-use,
and the three-way interaction among year, location, and land-use. Besides estimating
the model with all these variables, we estimated nested3® models including all
combinations of covariates. We compared models using Akaike’s Information Criteria
(AIC) which helps determine the best model to use to fit the data and which models are
the simplest (Akaike, 1973). When models had similar AIC scores, we chose the simpler
model. The best models were used to derive the figures presented and their respective
analysesin the text.

38 Because as temperature or precipitation increase, their marginal effect on biomass may be decreasing.
39 Models that included only part of the variables in the full model.
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Appendix D. Principal Component Analysis

Principal Component Analysis (PCA) is a very common technique used in many fields. It
is a mathematical method that summarizes the information contained in many variables
into a new set of variables where a few of them capture most of this information. The
method uses the correlation among the original variables and linear algebrato
accomplish this. The new set of variables are the “principal components.” Each principal
componentis correlated with the original variables in differentways (highly or minimally
correlated and with differentsigns). The first “principal component” contains the highest
amount of information, capturing a large portion of the variation presentin the original
set of variables. The second “principal component’ contains the second highestamount
of information, capturing the second largest portion of variation presentin the original
set of variables, and so on. Usually, the first and second principal components capture
most of the variation presentin the original set of variables. An important advantage of
the principal componentvariablesis that they are not correlated among themselves.
Each one captures a differentaspect of the variation in the original set of variables. So,
instead of using many correlated variables in an analysis, we can use the first principal
componentvariable as a proxy for an issue of interest, e.g., social capital (sometimes
we can also use additional principal componentvariables (second, third) if they capture
a large portion of the variation present in the original data). Due to the correlation
between the scores of the principal componentvariable and the values of the original
variables we can also provide some meaning to the principal component.

For example, social capital is an issue that involves many variables (or dimensions)
such as participation in differenttypes of networks, social processes, trust, sharing of
information, etc. Some of these variables are measurable and others are “latent, “i.e.,
we know they exist butcannotbe observed directly. However, we know that they are
correlated with variables that can be observed, e.g., participating in social organizations
(observable) involves trust and sharing of values (latent). In thisreport, we rely in part
on a study of social capital by Rupasingha etal. (2006) in which the first principal
componentvariable (PC1) from a PCA as a county-level of social capital for all counties
in the US was developed. The PCA was applied to four variables:

e The number of differenttypes of organizations per capita per county
(Religious, Civic, Business, Political, Professional, Labor, Bowling,
Recreational, Golf, Sports)

Percentage of voters who vote in presidential elections
County-level response rate to the Census Bureau’s decennial census
Number of tax-exempt non-profit organizations per capita

PC1 variable accounts for 49% of the variation, i.e., it captures 49% of the information
containedin the fouroriginal variables. The score of the PC1 is positively and highly
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correlated with the number of tax-exempt non-profitorganizations per capita (correlation
0.91) and the number of differenttypes of organizations per capita per county
(correlation=0.85), suggesting thatthe PC1 reflects high participation in privately led
organizations.

Although, Rupasingha etal. do not use the second principal componentvariable, this
variable accounts for 28.6 % of variation and is highly correlated with the county-level
response rate to the Census Bureau’s decennial census (correlation 0.76) and the
percentage of voters who vote in presidential elections (0.75), suggesting thatthe PC2
reflects participation in governmentorganized processes. In our regression analysis, we
use the county-level of social capital as one proxy for social capital (we calculated the
PCA only for counties in the Western states instead of using the data for all the US).
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Appendix E. Methods to Calculate Positive and
Negative Externalities

Positive externalities

Monetization factors of wildlife-related recreation, forage production, and other
ecosystem services

We use the data generated by Maher et al. (2020; 2021). They estimated a per hectare
value for three categories of ecosystem services: (1) wildlife-related recreation; (2)
forage production; and (3) other ecosystem services on a per hectare basis (2021, p.3).
For forage production, values were calculated separately for private lands and for
leased federal lands. Only lands managed by the BLM and USFS were analyzed (p.4).
In Maher et al. (2020) they provide specific values for Arizona (Table 1, p. 16) and
Colorado (Table 1, p. 25). The data is presented in Table E1 below. The total is the
average of both states.

Table E1. Value of positive externalities from recreation, forage, and ecosystem
services ($, 2017) (Maher et al., 2020).

Arizona Colorado Total

Federal forage ($/acre) (a) 1.14 1.43 1.29
Private forage ($/acre) (b) 2.30 5.60 3.95
General services ($/acre) (c) 2.12 4.28 3.20
Wildlife value ($/acre) (d) 18.06 18.07 18.07
Total value/ acre Leased land ($/acre) 21.31 23.78 22.55
(a+c+d)

Total value/ acre Private land ($/acre) 22.47 27.95 25.21
(b+c+d)

Monetization factors of Carbon sequestration rates

To monetize the value of Carbon sequestration rates, we use the data from Sanderson
et al. (2020). They reported that where grazing hasincreased soil C, observed rates of
increased in soil C of between 0.05 to 0.50 Metric ton per hectare per year°. However,
they also reported that for highly degraded lands in areas with higherannual
precipitation observed rates of increase of up to 3 Metric ton per hectare per year (p.
6A). We chose the lowest and highestvalues reported for our estimates (0.05- and 3-

40 “Where grazing has increased soil C, the rate of increase has typically been low (0.05 to 0.50 Mg C ha-
1y-1[0.02 to 0.22 tn C ac~1yr1] [Schuman et al. 2002; Henderson et al. 2015]), although higher
sequestration rates have been reported on highly degraded lands in areas with higher annual
precipitation (e.g., 3 Mg C ha™! y~1[1.3tn C aclyr1] [Teague et al. 2016]).” Sanderson et al. (2020, p.
6A)
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ton/halyear). These numbers were multiplied by the social cost of COz2, for 2025, 3%
95" Percentile (Table ES-1: Social Cost of CO2, 2020-2050 (in $ of 2020 per metric ton
of CO2)) (U.S. Interagency Working Group on Social Cost of Greenhouse Gases, United
States Government, 2021). The reported price was $169/ metric ton of CO2. This
numberwas multiplied by the low and high estimates of C sequestration rates converted
to acres. Table 2 presents the results.

It should be pointed out that to make the monetary value of externalities compatible we
adjusted the values of forage, general services and wildlife thatwere originally in 2017

into $ of 2020 ($, 2020) by using the Consumer Price Index (factor of 1.057).

Table E2. Monetization of C sequestration rates ($, 2020).

Minimum Maximum
C sequestration rates 0.05 ton/halyear | 3 ton/halyear
Value of sequestered carbon ($/acre) | 3.42 205.18

Herd composition

We collected information on the number of head of cattle per ranch, but we did nothave
specific information aboutthe composition of the herd. Therefore, we approximate the
composition as follows. Based on data from the Supplemental Material of Rotz et al.
(2019) Tables S6 and S7 for the Southwest, we calculated the ratio of calves to beef
cows (0.76775). We also use a ratio of cows per bull of 20 obtained from Asem-Hiablie
et al. (2017, Table 2).

First, we calculated an approximate number of cows by dividing the number of head of
cattle by 1.76775 (one plustheratio of calves to beef cows). Then we divided that
number by 20 to estimate the number of bulls needed. The resulting number of bulls
was subtracted from the total number of head of cattle and the resulting numberwas
divided by 1.76775 to have an adjusted number of cows. This adjusted numberwas
multiplied by ratio of calves to cows to estimate the number of calves. Finally, the
estimated number of bulls, cows, and calves were added together and compared to the
total number of head of cattle to check that they were the same. The total number of
bulls and cows were used in the LCA for the calculations of energy and water used, and
non-biogenic carbon produced. We assumed that all calves have not weaned yet and
therefore their consumption impacts are through the mother cows. The number of bulls,
cows, and calves were used also to estimate the amount of methane emissions
(explained below).

Monetary value of wildlife-related recreation, forage production, and other ecosystem
services
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To calculate the monetary value of the positive externalities associated with wildlife-
related recreation, forage production, and other ecosystem services for the ranchesin
our study, we use the total number of acres of the ranches in Arizona and Colorado.
Since Maheret al. (2020) data distinguishes between private and federal leased lands
and we did not have specific values forthe ranches, we assume that in Arizona 90% of
the land was leased and 10% private. The converse was assumed for Colorado. These
assumptions are based on qualitative data gathered during interviews. So, we estimated
the number of acres of private and leased land for the ranches in our study. We
multiplied the number of acres in leased land by the total value per acre in federal
leased land and the number of acres in private land by the total value per acre in private
land (bottom two valuesin Table E1 above). The numbers were then added together
providing the total monetary value of the positive externalities associated with wildlife-
related recreation, forage production, and other ecosystem services for the ranchesin
our study. To obtain thisvalue in terms of CW, we divided the total value by the number
of cows and bulls estimated above. This provided the monetary value of these
externalities per animal, which in turn was divided by 808 Ib, the average dressed
weight of cattle obtained from USDA NASS (2020) to obtain the monetary value of
these externalities per CW. We calculated the value also per kg of CW by multiplying
the value per Ib of CW by 2.205 Ib/kg. Table E3 present the results of these calculations
aggregated for ranchesin Arizona and Colorado. In the report the data is presented by
ranch.

Table E3. Monetary value of wildlife-related recreation, forage production, and other
ecosystem services ($, 2020).

Arizona Colorado Overall

Area (acres) 147,040 125,050 272,090

Private 14,704 112,545 127,249

Leased 132,336 12,505 144,841
Animals (number of cows+bulls, no calves) 818 2,485 3,303
Ib per animal (CW) 808 808 808

Total value of externalities ($) 3,330,308 3,637,830 6,968,138

Value per beef cow 4,071.28 1,463.09 2,109.64
Value per Ib ($/Ib CW) 5.04 1.81 2.61
Value per kg ($/kg CW) 11.11 3.99 5.76

Monetary value of Carbon sequestration as a positive externality

To calculate the monetary value of Carbon sequestration, we multiply value of
sequestered carbon (bottom of Table E1) by the total number of acres of all ranchesin
our study. This number was divided by the number of cows and bulls to obtain the value
per animal and then divided by the average dressed weight of cattle obtained from
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USDA NASS (2020) to obtain the monetary value of Carbon sequestration per CW. This
procedure was done for the lowest and highestvalues of rates of C sequestration
reported above.

Market price of cattle

From county data from the 2017 Agricultural Census (NASS, 2017a,i) we obtained the
total number of head of cattle sold and the value of the salesin 2017. From these
numbers we calculated the average sale price per head of cattle. We converted the
price thatwas in $ of 2017 to $ of 2020 using the PPI Commodity from farm products-
livestock (https://beta.bls.gov/dataViewer/view/84ec40f9349b4005b4f9278986¢1cdf4).
In turn, this number was divided by the average dressed weightof cattle to obtain the
average sale price per CW in $/lb and $/kg. Table E4 shows the results for Arizona and
Colorado.

Table E4. Market value of cattle ($, 2020)

Price per head of cattle (NASS 2017) Arizona Colorado Overall
Number of counties 11 49 60

Total number of head 367,472 2,556,629 2,924,101
Total value of sales ($) 375,775,919 | 3,104,637,815 | 3,480,413,735
Average sale price of a head 1,022.60 1,214.35 1,190.25
Average sale price per CW ($/Ib) 1.27 1.50 1.473083
Average sale price per CW ($/kg) 2.79 3.31 3.25

Negative externalities

Carbon emissions

Greenhouse gas (GHG) emissions were calculated through a LCA by multiplying the
consumption of irrigation water, electricity from the grid, solar energy, gasoline, Diesel,
natural gas, differenttypes of hay and water consumed by the herd in each ranch by
their respective GHG coefficients from. The quantity was in kgCO2e (excludes biogenic
methane).

Methane emissions were calculated by multiplying the CW of cattle (hnumber of cows
and bullsin herd multiplied by the average dressed weightof cattle). Calves have been
foundto have 74% lower emissions than cattle per kg CW (Basarab et al., 2012),
therefore the number of calves was multiplied by 26% of the emissions of cattle and
added to the emissions of cattle, providing total methane emissions from cow and calf in
kg CHa.
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To obtain the normalized GHG emissions with methane the amountof methane
calculated in (2) was multiplied by 28 since methane has a global warming potential
(GWP) 28 time of CO2 (Thompson and Rowntree, 2020).

This number was then added to the GHG emissions calculated in (1) which isthe GHG
without methane. The resulting sumwas divided by the total CW of all cattle (cows and
bulls, excluding calves) in the ranches providing a normalized GHG emissions with
methane (kgCOze).

To monetize the GHG emissions with methane, the amountof GHG emissions without
methane (1) divided by CW was multiplied by the price of carbon ($169/metric ton) (U.S.
Interagency Working Group on Social Cost of Greenhouse Gases, United States
Government, 2021).

To the normalize amountof GHG emissions with methane calculated in (5) the
normalized amountof GHG emissions without methane was subtracted (to avoid double
counting) and then multiplied by the price of methane of $4,500/metric Ton of CHa4
obtained from Table ES-2; Social Cost of CH4,2020-2050 in $ of 2020 per metric ton of
CHa) for the 3%, 95™ percentile. (U.S. Interagency Working Group on Social Cost of
Greenhouse Gases, United States Government, 2021).

Then the cost of (6) and (7) were added together and divided by 1000 to obtain the
normalized Carbon cost including methane ($/kg CW).

Water

Water consumption was calculated through a LCA by multiplying the consumption of
irrigation water, electricity from the grid, solar energy, gasoline, Diesel, natural gas,
differenttypes of hay and water consumed by the herd in each ranch by their respective
water coefficients from OpenLCA (https://www.openlca.org/). Total water consumption
then was divided by total CW to obtain the normalized water consumption (m3/CW).
Normalized water consumption was multiplied by the average maximized value of water
of $0.71/m3 of irrigation water from D’Odorico et al. (2020) to obtain a normalized water
cost ($/kg CW).
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True Cost

Positive externalities were added to the market price of cattle and negative externalities
were subtracted to obtain the True Cost of ranchingin $/kg CW. Since there was a
range of values for the positive externalities based on the rate of Carbon sequestration,
we calculated two True Costs, one for each value in the range. Table E5 presents the
results of these calculations aggregated for ranches in Arizona and Colorado. In the

report the data is presented by ranch (Table 9).

Table E5. True Cost ($, 2020).

Highest rate of soil Cincrease ($/kg CW)

Value of externalities Arizona Colorado Overall
Positive externalities ($/kg CW) 12.79 4.46 6.88
Positive externalities ($/kg CW) 111.74 32.17 52.23
Forage ($/kg CW) 0.65 0.75 0.80
General services ($/kg CW) 1.10 0.62 1.02
Wildlife value ($/kg CW) 9.36 2.62 4.29
Lowest rate of soil C increase ($/kg CW) 1.68 0.47 0.77
Highest rate of soil C increase ($/kg CW) 100.63 28.17 46.12
Negative externalities ($/kg CW) 57.82 -57.71 57.77
Normalized C Cost ($/kg CW) 57.74 -57.65 57.70
Normalized Water Cost ($/kg CW) 0.08 -0.06 0.07
Average market price of kg CW 2.79 3.31 3.25
True Cost (market price+ net value externalities)
Lowest rate of soil C increase ($/kg CW) -42.24 -49.93 -47.64
56.71 -22.23 -2.29
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Appendix F. Regression Results-Detailed

Estimates

Table F1. Regression results. Dependentvariable: Natural log of the gross value of the
sales of cattle and calves 2017 ($, 2017).

Variable Coefficient | Std. Error | tvalue | Pr(>|t])
Intercept 1.4244 1.5356 0.9280 0.3547
Natural Capital

Principal Component 1 0.1456 0.0450 3.2390 0.0014 | ***
Social Capital

Social capital index 0.0901 0.0509 1.7710 0.0779 | *
Diversity of scale 6.7531 0.6102 | 11.0660 | < 2e-16 | ****
Human Capital

Average number of paid 0.0498 0.0249 2.0030 0.0465 | **
workers/operations

Average number of unpaid -0.2600 0.1314| -1.9790 0.0491 | **
workers/operations

Diversity of ages of principal 8.0027 1.9259 4.1550 0.0000 | ****
operator

Produced Capital

Value of assets building, land, 0.0037 0.0004 8.5530 0.0000 | ****
machinery ($)

Gini coefficient 2.7324 0.5166 5.2900 0.0000 | ****
Covariates

Number of operations with cattle 0.0006 0.0003 2.2150 0.0278 | **
Share of cattle on feed 11.4074 3.0234 3.7730 0.0002 | ****
Share of milk cows -1.6095 1.1279 | -1.4270 0.1550
Arizona -0.0541 0.2523 | -0.2140 0.8306
Colorado -0.1998 0.1394 | -1.4330 0.1532
Idaho -0.2764 0.1611| -1.7150 0.0877 | *
New Mexico 0.0095 0.2437 0.0390 0.9690
Nevada 0.2235 0.1900 1.1770 0.2406

Utah -0.3870 0.2142 | -1.8060 0.0723 | *
Wyoming -0.0327 0.1628 | -0.2010 0.8410

Significance at the .10, .05, .01, .001 level indicated by *, **, *** ****for g two-tail t-test.

Residual standard error: 0.6035 on 216 degrees of freedom (46 observations deleted due to
missingness). Multiple R-squared: 0.7952, F-statistic: 51.48 on 18 and 216 DF, p-value: < 2.2e-

16.
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Table F2. Spatial Durbin Linear Model results, local and global.

Explanatory Percent Rotational EQIP Percgnt Percent
Variable livestock grazing participation mUIt.I- profitable
sales generational
Local value of capital variables (direct)

Built capital — 0.010 -0.019 -2.744 -0.001 -0.031™
establishments (food (0.029) (0.013) (6.317) (0.007) (0.012)
beverage and other)
Built capital — -0.028 0.020° -2.389 -0.013™ -0.012
highway and (0.020) (0.010) (4.798) (0.005) (0.009)
broadband
infrastructure
Cultural capital — arts 0.020 -0.010 -3.809 0.003 0.0009
and cultural (0.019) (0.009) (4.747) (0.004) (0.008)
institutions
Cultural capital — -0.0005 0.023™ 5.391 -0.010" -0.026™
creative capital (0.020) (0.010) (5.547) (0.005) (0.009)
Financial capital — -0.014 0.011 -5.405 -0.001 -0.010
financial solvency (0.019) (0.008) (4.170) (0.004) (0.007)
Human capital — 0.010 0.018™ -6.292" 0.013™ 0.017
health-related (0.015) (0.007) (3.525) (0.003) (0.006)
aspects
Human capital — 0.066™ 0.002 -15.834™ 0.002 -0.017"
health security (0.019) (0.009) (4.363) (0.005) (0.008)
Natural capital — FSA -0.023 -0.005 3.713 -0.007 0.024™
and variation (0.019) (0.011) (4.842) (0.005) (0.009)
perennial biomass
Natural capital — 0.018 0.001 2.684 0.014™ 0.024™
variation annual (0.021) (0.011) (5.276) (0.005) (0.009)
biomass
Natural capital — 0.029 -0.001 -2.687 -0.006 -0.012
prime farmland and (0.021) (0.011) (5.168) (0.006) (0.010)
annual biomass
Social Capital — -0.045™ -0.022™ -0.091 0.009 0.002
negative (0.021) (0.009) (4.964) (0.004) (0.008)
Social Capital — -0.026 -0.018™ -1.445 -0.009™ -0.011
death rate and (0.019) (0.008) (4.428) (0.004) (0.007)
census response rate
Social Capital — -0.016 0.009 -8.840™ 0.001 -0.006
aggregate of social (0.015) (0.007) (3.667 (0.004) (0.006)
capital variables
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Social Capital —
number of nonprofit
orgs

0.063™
(0.019)

0.014
(0.010)

7.952°
(4.745)

0.005
(0.005)

0.012
(0.008)

Spatial lag of capital variables (indirec

Built capital — 0.039 -0.075 -0.459 0.023 -0.069"
establishments (food (0.079) (0.039) (17.260) (0.018) (0.032)
beverage and other)

Built capital — 0.075 0.004 -12.996 -0.002 0.001

highway and (0.043 (0.021) (9.515 (0.011 (0.019)
broadband

infrastructure

Cultural capital — arts 0.069" 0.032 0.598 0.005 0.047"
and cultural (0.041) (0.021) (10.586) (0.012) (0.020)
institutions

Cultural capital — 0.046 0.002 1.208 -0.011 0.004

creative capital (0.047) (0.022) (10.569) (0.012) (0.020)
Financial capital — -0.080 -0.025 -11.113 -0.016" 0.032

financial solvency (0.059) (0.018) (9.101) (0.010) (0.017)
Human capital — 0.013 0.020 -4.061 0.010 0.027"
health-related (0.032) (0.015) (6.955) (0.007) (0.013)
aspects

Human capital — 0.074 -0.005 5.275 -0.008 -0.035™
health security (0.040) (0.021) (9.685) (0.0112) (0.019)
Natural capital — FSA -0.008 -0.041™ -1.935 0.005 -0.017
and variation (0.031) (0.017) (7.981) (0.008) (0.015)
perennial biomass

Natural capital — -0.024 -0.037" 2414 -0.017 -0.019
variation annual (0.039) (0.020) (9.474) (0.010) (0.018)
biomass

Natural capital — 0.094" 0.019 -0.574 0.002 0.016

prime farmland and (0.040) (0.020) (8.399) (0.010) (0.018)
annual biomass

Social Capital — 0.004 0.018 -25.794" 0.003 0.026

negative (0.045) (0.019) (10.363) (0.010) (0.018)
Social Capital — -0.004 -0.021 7.976 -0.011 0.039"
death rate and (0.043) (0.020) (10.416) (0.010) (0.018)
census response rate

Social Capital — 0.014 0.034™ -9.388 -0.002 -0.006
aggregate of social (0.031) (0.014) (7.311) (0.007) (0.013)
capital variables

Social Capital — 0.030 0.017 -1.084 0.005 -0.043™
number of nonprofit (0.044) (0.022) (10.219) (0.012) (0.020)

orgs
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Constant 0.702" 0.360™ 73.936™" 0.224™ 0.452™
(0.175) (0.087) (38.573) (0.045) (0.082)
Observations 201 235 211 234 234
Lambda 0.293** -0.154 -0.143 -0.0132 0.110
Log Likelihood 70.948 218.571 -1,091.458 381.051 250.377
sigma? 0.028 0.009 1,813.431 0.002 0.007
Akaike Inf. Crit. -15.896 -311.142 2,308.917 -636.102 -374.753
Wald Test (df = 1) 11.767™ 2.475 2.077 0.019 1.430
LR Test (df =1) 5.478" 1.784 1.295 0.013 0.878

127




References

Ait Sidhoum, A. (2018). Valuing social sustainability in agriculture: An approach based
on social outputs’ shadow prices. Journal of Cleaner Production, 203, 273-286.
https://doi.org/10.1016/j.jclepro.2018.08.212

Akaike, H. (1973). Information theory and an extension of the maximum likelihood
principle.In B. N. Petrov & B. F. Csaki (Eds.), Second International Symposium
on Information Theory, (pp. 267-281). Academiai Kiado: Budapest.

Alcorta, A., Porta, A., Tarrega, A., Alvarez, M. D., & Vaquero, M. P. (2021). Foods for
plant-based diets: Challenges and innovations. Foods, 10, 293.
https://doi.org/10.3390/f00ds10020293

Allen, M. R., Shine, K. P., Fuglestvedt, J. S., Millar, R. J., Cain, M., Frame, D. J., &
Macey, A. H. (2018). A solution to the misrepresentations of CO2-equivalent
emissions of short-lived climate pollutants under ambitious mitigation. npj Climate
and Atmospheric Science, 1, 16. https://doi.org/10.1038/s41612-018-0026-8

Allison, C. D., & Bender, L. C. (2017). Grazing and Biodiversity. College of Agricultural,
Consumer and Environmental Sciences, New Mexico State University.
https://pubs.nmsu.edu/ circulars/CR686/

American Folklife Center. (2002). Buckaroos in Paradise: Ranching Culture in Northern
Nevada, 1945 to 1982. Library of Congress.
https://www.loc.gov/collections/ranching-culture-in-northern-nevada-from-1945-
to-1982/articles-and-essays/a-history-of-the-ninety-six-ranch/the-sagebrush-
rebellion-1960-1982/

Anderies, J., Janssen, M., & Walker, B. (2002). Grazing management, resilience, and
the dynamics of a fire-driven rangeland system. Ecosystems, 5, 23-44.
https://doi.org/10.1007/s10021-001-0053-9

Anderson, K. (2013). Tending the Wild: Native American Knowledge and the
Management of California’s Natural Resources. University of California Press.

Angerer, J. P., Fox, W. E., & Wolfe, J. E. (2016). Land degradation in rangeland
ecosystems. In J. F. Shroder & R. Sivanpillai (Eds.), Biological and
Environmental Hazards, Risks, and Disasters (pp. 277—311). Academic Press.
https://doi.org/10.1016/B978-0-12-394847-2.00017-6

128


https://doi.org/10.1016/j.jclepro.2018.08.212
https://doi.org/10.1016/j.jclepro.2018.08.212
https://doi.org/10.1016/j.jclepro.2018.08.212
https://doi.org/10.3390/foods10020293
https://doi.org/10.3390/foods10020293
https://doi.org/10.3390/foods10020293
https://doi.org/10.1038/s41612-018-0026-8
https://pubs.nmsu.edu/_circulars/CR686/
https://www.loc.gov/collections/ranching-culture-in-northern-nevada-from-1945-to-1982/articles-and-essays/a-history-of-the-ninety-six-ranch/the-sagebrush-rebellion-1960-1982/
https://www.loc.gov/collections/ranching-culture-in-northern-nevada-from-1945-to-1982/articles-and-essays/a-history-of-the-ninety-six-ranch/the-sagebrush-rebellion-1960-1982/
https://www.loc.gov/collections/ranching-culture-in-northern-nevada-from-1945-to-1982/articles-and-essays/a-history-of-the-ninety-six-ranch/the-sagebrush-rebellion-1960-1982/
https://doi.org/10.1007/s10021-001-0053-9
https://doi.org/10.1007/s10021-001-0053-9
https://doi.org/10.1007/s10021-001-0053-9
https://doi.org/10.1016/B978-0-12-394847-2.00017-6
https://doi.org/10.1016/B978-0-12-394847-2.00017-6
https://doi.org/10.1016/B978-0-12-394847-2.00017-6

Arnett, E. (2019, June 5). Why Public Land Grazing is so important to the American
West. Theodore Roosevelt Conservation Partnership.
https://www.trcp.org/2019/06/05/public-land-grazing-important-american-west/

Asem-Hiablie, S., Rotz, C. A., Stout, R., & Fisher, K. (2017). Management
characteristics of beef cattle production in the western United States. The
Professional Animal Scientist33, 461-471. https://doi.org/10.15232/pas.2017-
01618

Bailey, K. M., McCleery, R. A., & Barnes, G. (2019). The role of capital in drought
adaptation among rural communities in Eswatini. Ecology and Society, 24(3).
https://www.jstor.org/stable/26796975

Baker, L., Castilleja, G., De Groot Ruiz, A, & Jones, A. (2020). Prospect for true cost
accounting of food systems. Nature Food, 1, 765-767.
https://doi.org/10.1038/s43016-020-00193-6

Baltussen, W., Achterbosch, T., Arets, E., Blaeij, A. de, Erlenborn, N., Fobelets, V.,
Galgani, P., Ruiz, A. de G., Hardwicke, R., Hiemstra, S. J., Horne, P. van,
Karachalios, O. A., Kruseman, G., Lord, R., Ouweltjes, W., Robles, M. T,
Vellinga, T., & Verkooijen, L. (2016). Valuation of livestock eco-agri-food
systems: Poultry, beef and dairy. https://doi.org/10.18174/389545

Basarab, J., Baron, V., LOopez-Campos, O., Aalhus, J., Haugen-Kozyra, K., & Okine, E.
(2012). Greenhouse gas emissions from calf-and-yearling-fed beef production
systems, with and withoutthe use of growth promotants. Animals, 2, 195-220.
https://doi.org/10.3390/ani2020195

Bauman, P. (2021, June 28). Grass-Fed Beef: Market Share of Grass-Fed Beef. South
Dakota State University Extension. https://extension.sdstate.edu/grass-fed-beef-
market-share-grass-fed-beef

Bestelmeyer, B., Peters, D., Archer, S., Browning, D., Okin, G., Schooley, R., & Webb,
N. (2018). The grassland-shrubland regime shiftin the Southwestern United
States: Misconceptions and their implications for management. BioScience, 68,
678-690. https://doi.org/10.1093/biosci/biy065

Black Elk, L. (2016). Native Science: Understanding and respecting other ways of
thinking. Rangelands, 38, 3—4. https://doi.org/10.1016/].rala.2015.11.003

129


https://www.trcp.org/2019/06/05/public-land-grazing-important-american-west/
https://www.trcp.org/2019/06/05/public-land-grazing-important-american-west/
https://www.trcp.org/2019/06/05/public-land-grazing-important-american-west/
https://doi.org/10.15232/pas.2017-01618
https://doi.org/10.15232/pas.2017-01618
https://www.jstor.org/stable/26796975
https://www.jstor.org/stable/26796975
https://www.jstor.org/stable/26796975
https://doi.org/10.1038/s43016-020-00193-6
https://doi.org/10.18174/389545
https://doi.org/10.18174/389545
https://doi.org/10.3390/ani2020195
https://extension.sdstate.edu/grass-fed-beef-market-share-grass-fed-beef
https://extension.sdstate.edu/grass-fed-beef-market-share-grass-fed-beef
https://extension.sdstate.edu/grass-fed-beef-market-share-grass-fed-beef
https://doi.org/10.1093/biosci/biy065
https://doi.org/10.1016/j.rala.2015.11.003

Blake, E. A., & Wagner, M. R. (1987). Collection and consuDlption of Pandora Moth,
Coloradia pandora lindseyi (Lepidoptera: Saturniidae), Larvae by OlVens Valley
and Mono Lake Paiutes. Bulletin of the Entomological Society of America, 33,
22-27. https://doi.org/10.1093/besa/33.1.22

Bland, A. (2012, August1%Y). Is the Livestock Industry Destroying the Planet?
Smithsonian Magazine. https://www.smithsonianmag.com/travel/is-the-livestock-
industry-destroying-the-planet-11308007/

Boyce, A. J., Shamon, H., Kunkel, K. E., & McShea, W. J. (2021). Grassland bird
diversity and abundance in the presence of native and non-native grazers. Avian
Conservation and Ecology, 16(2),13. https://doi.org/10.5751/ACE-01944-160213

Bragaglio, A., Braghieri, A., Pacelli, C., & Napolitano, F. (2020). Environmental impacts
of beef as corrected for the provision of ecosystem services. Sustainability, 12(9).
https://doi.org/10.3390/su12093828

Brock, J. H., & Green, D. M. (2003). Impacts of livestock grazing, mining, recreation,
roads, and other land uses on watershed resources. Journal of the Arizona-
Nevada Academy of Science, 35, 11-22. http://www.|stor.org/stable/40056923

Buckley Biggs, N. (2022). Drivers and constraints of land use transitions on Western
grasslands: Insights from a California mountain ranching community. Landscape
Ecology, 37, 1185-1205. https://doi.org/10.1007/s10980-021-01385-6

Bureau of Land Management (BLM). (2016, June). BLM Alaska Participates in Global
Reindeer Youth Summit. Bureau of Land Management.
https://www.blm.gov/programs/natural-resources/rangelands-and-grazing/success-
stories/alaska

Bureau of Land Management (BLM). (2021a). The BLM: A Sound Investment for
America 2021. US Department of the Interior.
https://www.blm.gov/sites/blm.gov/files/docs/2022-03/2021-
BLM%20A%20Sound%20Investment%208.5%20x%2011.pdf

Bureau of Land Management (BLM). (2021b). BLM and Forest Service Announce 2021
Grazing Fees. U.S. Department of the Interior. https://www.blm.gov/press-
release/blm-and-forest-service-announce-2021-grazing-fees

Burns, J., & Schick, T. (2016). Controversial Federal Grazing Fees Not A Great Deal
For Anyone. Oregon Public Broadcasting.

130


https://doi.org/10.1093/besa/33.1.22
https://urldefense.com/v3/__https:/www.smithsonianmag.com/travel/is-the-livestock-industry-destroying-the-planet-11308007/__;!!IKRxdwAv5BmarQ!buIdBIUs7413_q44Aa1M8LQt8onwBzr-MKCKXbyfmUYad4aioV0b1i10D9PgS73i5w67KBRI8zfEZcqbF_7wZtE$
https://urldefense.com/v3/__https:/www.smithsonianmag.com/travel/is-the-livestock-industry-destroying-the-planet-11308007/__;!!IKRxdwAv5BmarQ!buIdBIUs7413_q44Aa1M8LQt8onwBzr-MKCKXbyfmUYad4aioV0b1i10D9PgS73i5w67KBRI8zfEZcqbF_7wZtE$
https://doi.org/10.5751/ACE-01944-160213
https://doi.org/10.3390/su12093828
http://www.jstor.org/stable/40056923
https://doi.org/10.1007/s10980-021-01385-6
https://www.blm.gov/programs/natural-resources/rangelands-and-grazing/success-stories/alaska
https://www.blm.gov/programs/natural-resources/rangelands-and-grazing/success-stories/alaska
https://www.blm.gov/sites/blm.gov/files/docs/2022-03/2021-BLM%20A%20Sound%20Investment%208.5%20x%2011.pdf
https://www.blm.gov/sites/blm.gov/files/docs/2022-03/2021-BLM%20A%20Sound%20Investment%208.5%20x%2011.pdf
https://www.blm.gov/press-release/blm-and-forest-service-announce-2021-grazing-fees
https://www.blm.gov/press-release/blm-and-forest-service-announce-2021-grazing-fees

https://www.opb.org/news/series/burns-oregon-standoff-bundy-militia-news-
updates/federal-grazing-fees/

Buxton, M., Cuthbert, R. N., Dalu, T., Nyamukondiwa, C., & Wasserman, R. J. (2020).
Cattle-induced eutrophication favours disease-vector mosquitoes. Science of The
Total Environment, 715, 136952. https://doi.org/10.1016/|.scitotenv.2020.136952

Capper, J. L. (2012). Is the grass always greener? Comparing the environmental impact
of conventional, natural and grass-fed beef production systems. Animals, 2, 127-
143. https://doi.org/10.3390/ani2020127

Centerfor Disease Control (CDC). (2014). NCHS - Drug Poisoning Mortality by County:
United States. Center for Disease Control. https://data.cdc.gov/INCHS/NCHS-
Drug-Poisoning-Mortality-by-County-United-Sta/pbkm-d27e

Chislock, M. F., Doster, E., Zitomer, R. A., & Wilson, A. E. (2013). Eutrophication:
causes, consequences, and controls in aquatic ecosystems. Nature Education
Knowledge, 4,10.
https://www.nature.com/scitable/knowledge/library/eutrophication-causes-
consequences-and-controls-in-aquatic-102364466/

Cody, B. A, & Baldwin, P. (1998). Grazing Fees and Rangeland Management.
Congressional Research Service. https://congressional-proquest-
com.ezproxyl.lib.asu.edu/congressional/docview/t21.d22.crs-1998-enr-
0069?accountid=4485

Cronk, L., Guevara Beltran, D., Mercado, D. L., & Aktipis, A. (2021). “A solidarity-type
world”: Need-based helping among ranchers in the Southwestern United States.
Human Nature, 32, 482-508. https://doi.org/10.1007/s12110-021-09406-8

Curry, L. (2019, September 5). The “eat less meat” movementis growing. Does it distort
science? The New Food Economy. https://thecounter.org/climate-change-eat-
less-meat-plant-based-impossible-burger-regenerative-ranching/

DeClercq, B., Vyncke, V., Hublet, A., Elgar, F. J., Ravens-Sieberer, U., Currie, C.,
Hooghe, M., leven, A., & Maes, L. (2012). Social capital and social inequality in
adolescents’ health in 601 Flemish communities: A multilevel analysis. Social
Science & Medicine, 74, 202-210.
https://doi.org/10.1016/j.socscimed.2011.10.025

131


https://www.opb.org/news/series/burns-oregon-standoff-bundy-militia-news-updates/federal-grazing-fees/
https://www.opb.org/news/series/burns-oregon-standoff-bundy-militia-news-updates/federal-grazing-fees/
https://doi.org/10.1016/j.scitotenv.2020.136952
https://doi.org/10.3390/ani2020127
https://data.cdc.gov/NCHS/NCHS-Drug-Poisoning-Mortality-by-County-United-Sta/pbkm-d27e
https://data.cdc.gov/NCHS/NCHS-Drug-Poisoning-Mortality-by-County-United-Sta/pbkm-d27e
https://www.nature.com/scitable/knowledge/library/eutrophication-causes-consequences-and-controls-in-aquatic-102364466/
https://www.nature.com/scitable/knowledge/library/eutrophication-causes-consequences-and-controls-in-aquatic-102364466/
https://congressional-proquest-com.ezproxy1.lib.asu.edu/congressional/docview/t21.d22.crs-1998-enr-0069?accountid=4485
https://congressional-proquest-com.ezproxy1.lib.asu.edu/congressional/docview/t21.d22.crs-1998-enr-0069?accountid=4485
https://congressional-proquest-com.ezproxy1.lib.asu.edu/congressional/docview/t21.d22.crs-1998-enr-0069?accountid=4485
https://doi.org/10.1007/s12110-021-09406-8
https://thecounter.org/climate-change-eat-less-meat-plant-based-impossible-burger-regenerative-ranching/
https://thecounter.org/climate-change-eat-less-meat-plant-based-impossible-burger-regenerative-ranching/
https://thecounter.org/climate-change-eat-less-meat-plant-based-impossible-burger-regenerative-ranching/
https://doi.org/10.1016/j.socscimed.2011.10.025

Deese, B., Fazili, S., & Ramamurti, B. (2021, December 10). Recent Data Show
Dominant Meat Processing Companies Are Taking Advantage of Market Power
to Raise Prices and Grow Profit Margins. The White House.
https://www.whitehouse.gov/briefing-room/blog/2021/12/10/recent-data-show-
dominant-meat-processing-companies-are-taking-advantage-of-market-power-to-
raise-prices-and-grow-profit-margins/

Dicken C., W. Williams, & V. Breneman. (2011). County-level highway access
measures. U.S. Department of Agriculture, Economic Research Service.

Diekmann, L., Panich, L., & Striplen, C. (2007). Native American managementand the
legacy of working landscapes in California. Rangelands, 29, 46-50.
https://doi.org/10.2111/1551-501X(2007)29[46:NAMATL]2.0.CO;2

D’Odorico, P., Chiarelli,D., Rosa, L., & Rulli, M. The global value of water in agriculture.
(2020).The Proceedings of the National Academy of Sciences, 177, 21985-
21993. https://doi.org/10.1073/pnas.2005835117

Drouillard, J. S. (2018). Currentsituation and future trends for beef production in the
United States of America—A review. Asia-Australasian Journal of Animal
Sciences, 31, 1007-1016. https://doi.org/10.5713/ajas.18.0428

Durrenberger, E. P. (2002). Commentary: Why the Idea of Social Capital is a Bad Idea.
Anthropology News, 43, 5. https://doi.org/10.1111/an.2002.43.9.5.1

Eigenraam, M., McLeod, R., Sharma, K., & Obst, C. (2020). Applying the
TEEBAGRIFOOD Evaluation Framework - Overarching Implementation
Guidance. Global Alliance forthe Future of Food.
https://doi.org/10.13140/RG.2.2.18280.70406

Environmental Protection Agency (EPA). (n.d.) The Sources and Solutions: Agriculture |
US EPA. United States Environmental Protection Agency.
https://www.epa.gov/nutrientpollution/sources-and-solutions-agriculture

Environmental Protection Agency (EPA). (2011). Accounting Framework for Biogenic
C02 Emissions from Stationary Sources. United States Environmental Protection
Agency. https://www.epa.gov/sites/default/files/2016-08/documents/biogenic-co2-
accounting-framework-report-sept-2011.pdf

European Union. (2013). Commission Recommendation of 9 April 2013 on the use of
common methods to measure and communicate the life cycle environmental

132


https://www.whitehouse.gov/briefing-room/blog/2021/12/10/recent-data-show-dominant-meat-processing-companies-are-taking-advantage-of-market-power-to-raise-prices-and-grow-profit-margins/
https://www.whitehouse.gov/briefing-room/blog/2021/12/10/recent-data-show-dominant-meat-processing-companies-are-taking-advantage-of-market-power-to-raise-prices-and-grow-profit-margins/
https://www.whitehouse.gov/briefing-room/blog/2021/12/10/recent-data-show-dominant-meat-processing-companies-are-taking-advantage-of-market-power-to-raise-prices-and-grow-profit-margins/
https://www.whitehouse.gov/briefing-room/blog/2021/12/10/recent-data-show-dominant-meat-processing-companies-are-taking-advantage-of-market-power-to-raise-prices-and-grow-profit-margins/
https://doi.org/10.2111/1551-501X(2007)29%5b46:NAMATL%5d2.0.CO;2
https://doi.org/10.1073/pnas.2005835117
https://doi.org/10.5713/ajas.18.0428
https://doi.org/10.1111/an.2002.43.9.5.1
https://doi.org/10.13140/RG.2.2.18280.70406
https://doi.org/10.13140/RG.2.2.18280.70406
https://doi.org/10.13140/RG.2.2.18280.70406
https://www.epa.gov/nutrientpollution/sources-and-solutions-agriculture
https://www.epa.gov/sites/default/files/2016-08/documents/biogenic-co2-accounting-framework-report-sept-2011.pdf
https://www.epa.gov/sites/default/files/2016-08/documents/biogenic-co2-accounting-framework-report-sept-2011.pdf

performance of products and organisations. In OJ L (Vol. 124). Official Journal of
the European Union. http://data.europa.eu/eli/reco/2013/179/oj/eng

Fairbairn, C. A., Kime, L. F., Harper, J. K., & Comerford, J. W. (2020, April 6). Beef
Cow-Calf Production. Penn State Extension. https://extension.psu.edu/beef-cow-
calf-production

Falk, I., & Kilpatrick, S. (2000). Whatis social capital? A study of interaction in a rural
community. Sociologia Ruralis, 40, 87-110.
https://eprints.utas.edu.au/896/1/Sociologia Ruralis paper.pdf

Fearnside, P. (2017, April 18). Business as Usual: A Resurgence of Deforestation in the
Brazilian Amazon. Yale E360. https://e360.yale.edu/features/business-as-usual-
a-resurgence-of-deforestation-in-the-brazilian-amazon

Federal Depositinsurance Corporation (FDIC). (2016). Deposit Market Share Reports.
Federal DepositInsurance Corporation https://www.fdic.gov/about/financial-
reports/report/2016annualreport/2016ar_final.pdf

Feeding America Map the Meal Gap. (2010). Map the Meal Gap Data Request.
https://www.feedingamerica.org/research/map-the-meal-gap/by-county

Filazzola, A., Brown, C., Dettlaff, M. A., Batbaatar, A., Grenke, J., Bao, T., Peetoom
Heida, I., & Cahill Jr,J. F. (2020). The effects of livestock grazing on biodiversity
are multi-trophic: A meta-analysis. Ecology Letters, 23, 1298-1309.
https://doi.org/10.1111/ele.13527

Foley, B., Jones, I. D., Maberly, S. C., & Rippey, B. (2012). Long-term changesin
oxygen depletion in a small temperate lake: Effects of climate change and
eutrophication. Freshwater Biology, 57, 278-289. https://doi.org/10.1111/].1365-
2427.2011.02662.x

Fox, J., & Weisberg, S. (2018). Visualizing fitand lack of fit in complex regression
models with predictor effect plots and partial residuals. Journal of Statistical
Software, 87(9). https://doi.org/10.18637/jss.v087.109

Gentner, B. J., & Tanaka, J. A. (2002). Classifying federal public land grazing
permittees. Journal of Range Management, 55, 2-11.
https://doi.org/10.2307/4003256

133


http://data.europa.eu/eli/reco/2013/179/oj/eng
http://data.europa.eu/eli/reco/2013/179/oj/eng
https://extension.psu.edu/beef-cow-calf-production
https://extension.psu.edu/beef-cow-calf-production
https://extension.psu.edu/beef-cow-calf-production
https://eprints.utas.edu.au/896/1/Sociologia_Ruralis_paper.pdf
https://e360.yale.edu/features/business-as-usual-a-resurgence-of-deforestation-in-the-brazilian-amazon
https://e360.yale.edu/features/business-as-usual-a-resurgence-of-deforestation-in-the-brazilian-amazon
https://www.fdic.gov/about/financial-reports/report/2016annualreport/2016ar_final.pdf
https://www.fdic.gov/about/financial-reports/report/2016annualreport/2016ar_final.pdf
https://www.feedingamerica.org/research/map-the-meal-gap/by-county
https://doi.org/10.1111/ele.13527
https://doi.org/10.1111/ele.13527
https://doi.org/10.1111/ele.13527
https://doi.org/10.1111/j.1365-2427.2011.02662.x
https://doi.org/10.1111/j.1365-2427.2011.02662.x
https://doi.org/10.18637/jss.v087.i09
https://doi.org/10.2307/4003256

Gerssen-Gondelach, S. J., Lauwerijssen, R. B. G., Havlik, P., Herrero, M., Valin, H.,
Faaij, A. P. C., & Wicke, B. (2017). Intensification pathways for beef and dairy
cattle production systems: Impacts on GHG emissions, land occupation and land
use change. Agriculture, Ecosystems & Environment, 240, 135-147.
https://doi.org/10.1016/j.agee.2017.02.012

Glaser, C., Romaniello, C., & Moskowitz, K. (2015). Costs And Consequences: The
Real Price of Grazing on America’s Public Lands. Center for Biological Diversity.
https://www.biologicaldiversity.org/programs/public lands/grazing/pdfs/CostsAnd
Consequences 01-2015.pdf

Godfray, H. C. J., Aveyard, P., Garnett, T., Hall, J. W., Key, T. J., Lorimer, J.,
Pierrehumbert, R. T., Scarborough, P., Springmann, M., & Jebb, S. A. (2018).
Meat consumption, health, and the environment. Science, 361(6399).
https://doi.org/10.1126/science.aam5324

Goldfarb, B. (2016). No proof that predator culls save livestock, study claims. Science,
353, 1080-1081. https://doi.org/10.1126/science.353.6304.1080

Government Accountability Office (GAO). (2005). Livestock Grazing: Federal
Expenditures and Receipts Vary, Depending on the Agency and the Purpose of
the Fee Charged. United States Government Accountability Office.
https://www.gao.gov/assets/gao-05-869.pdf

Grim, J. A. (1997). Indigenous traditions and ecological ethics. Worldviews:
Environment, Culture, Religion, 1, 139-149. https://www.jstor.org/stable/43809755

Hagstrom, J. (2022a, April, 28). A better deal for ranchers? The Hagstrom Report.

Hagstrom, J. (2022b, June 23). Ag-competition bills advance. The Hagstrom Report.

Heeb, G. (2020, September 2). As small U.S. farms face crisis, Trump’s trade aid
flowed to corporations. CNBC. https://www.cnbc.com/2020/09/02/as-small-us-
farms-face-crisis-trumps-trade-aid-flowed-to-corporations.html

Helbling, T. (2020, February). Finance & Development. Externalities: Prices Do Not
Capture All Costs. https://www.imf.org/external/pubs/ft/fandd/basics/external.htm

Henderson, B. B., Gerber, P. J., Hilinski, T. E., Falcucci, A., Ojima, D.S., Salvatore, M.,
& Conant,R. T. (2015). Greenhouse gas mitigation potential of the world’s

134


https://doi.org/10.1016/j.agee.2017.02.012
https://www.biologicaldiversity.org/programs/public_lands/grazing/pdfs/CostsAndConsequences_01-2015.pdf
https://www.biologicaldiversity.org/programs/public_lands/grazing/pdfs/CostsAndConsequences_01-2015.pdf
https://doi.org/10.1126/science.aam5324
https://doi.org/10.1126/science.aam5324
https://doi.org/10.1126/science.aam5324
https://doi.org/10.1126/science.353.6304.1080
https://www.gao.gov/assets/gao-05-869.pdf
https://www.jstor.org/stable/43809755
https://www.cnbc.com/2020/09/02/as-small-us-farms-face-crisis-trumps-trade-aid-flowed-to-corporations.html
https://www.cnbc.com/2020/09/02/as-small-us-farms-face-crisis-trumps-trade-aid-flowed-to-corporations.html
https://www.cnbc.com/2020/09/02/as-small-us-farms-face-crisis-trumps-trade-aid-flowed-to-corporations.html
https://www.imf.org/external/pubs/ft/fandd/basics/external.htm
https://www.imf.org/external/pubs/ft/fandd/basics/external.htm

grazing lands: Modeling soil carbon and nitrogen fluxes of mitigation practices.
Agriculture, Ecosystems and Environment, 207, 91-100.
https://doi.org/10.1016/j.agee.2015.03.029

Hendriks, S., de Groot Ruiz, A., Herrero Acosta, M., Baumers, H., Galgani, P., Mason -
D’Croz, D., Godde, C., Waha, K., Kanidou, D., von Braun, J., Benitez, M.,
Blanke, J., Caron, P., Fanzo, J., Greb, F., Haddad, L., Herforth, A., Jordaan, D.,
Masters, W., Sadoff, C., Soussana, J.F., Tirado, M.C., Torero, M., & Watkins, M.
(2021). The True Cost and True Price of Food. Scientific Group forthe UN Food
Systems Summit. https://sc-fss2021.org/wp-
content/uploads/2021/06/UNFSS true cost of food.pdf

Ignaszewski, E. (2022). 2021 U.S. Retail Market Insights: Plant-based Foods. The Good
Food Institute. https:/gfi.org/wp-content/uploads/2022/03/2021-U.S .-retail-
market-insights Plant-based-foods-GFl.pdf

Jablonski, B.B.R., J. Pender, A. Bauman, A. Rupasingha, & J.K. Clark. (forthcoming).
Stocks of wealth and the value-added food and agriculture sector. Journal of
Agricultural and Resource Economics.

Jones, Z. F., Bock, C. E., & Bock, J. H. (2003). Rodent communities in a grazed and
ungrazed Arizona grassland, and a model of habitat relationships among rodents
in Southwestern grass/shrublands. The American Midland Naturalist, 149, 384—
394. https://doi.org/10.1674/0003-0031(2003)149[0384:RCIAGA]2.0.CO;2

Jones, M. O., Robinson, N. P., Naugle, D. E., Maestas, J. D., Reeves, M. C., Lankston,
R.W., & Allred, B. W. (2021). Annual and 16-day rangeland production estimates
for the Western United States. Rangeland Ecology & Management, 77, 112-117.
https://doi.org/10.1016/j.rama.2021.04.003

Klopatek, S. C., Marvinney, E., Duarte, T., Kendall, A., Yang, X. (Crystal), & Oltjen, J.
W. (2022). Grass-fed vs. grain-fed beef systems: Performance, economic, and
environmental trade-offs. Journal of Animal Science, 100, 1-16.
https://doi.org/10.1093/jas/skab374

Kreuter, U. P., Nair, M. V., Jackson-Smith, D., Conner, J. R., & Johnston, J. E. (2006).
Property rights orientations and rangeland management objectives: Texas, Utah,
and Colorado. Rangeland Ecology & Management, 59, 632—639.
https://doi.org/10.2111/05-173R1.1

135


https://doi.org/10.1016/j.agee.2015.03.029
https://sc-fss2021.org/wp-content/uploads/2021/06/UNFSS_true_cost_of_food.pdf
https://sc-fss2021.org/wp-content/uploads/2021/06/UNFSS_true_cost_of_food.pdf
https://gfi.org/wp-content/uploads/2022/03/2021-U.S.-retail-market-insights_Plant-based-foods-GFI.pdf
https://gfi.org/wp-content/uploads/2022/03/2021-U.S.-retail-market-insights_Plant-based-foods-GFI.pdf
https://gfi.org/wp-content/uploads/2022/03/2021-U.S.-retail-market-insights_Plant-based-foods-GFI.pdf
https://doi.org/10.1674/0003-0031(2003)149%5b0384:RCIAGA%5d2.0.CO;2
https://doi.org/10.1016/j.rama.2021.04.003
https://doi.org/10.1093/jas/skab374
https://doi.org/10.2111/05-173R1.1

Kumar, S., Choudhury, P. K., Carro, M. D., Griffith, G. W., Dagar, S. S., Puniya, M.,
Calabro, S., Ravella, S. R., Dhewa, T., Upadhyay, R. C., Sirohi, S. K., Kundu, S.
S., Wanapat, M., & Puniya, A. K. (2014). New aspects and strategies for
methane mitigation from ruminants. Applied Microbiology and Biotechnology,
98(1), 31-44. https://doi.org/10.1007/s00253-013-5365-0

Kushner,R. J., & Cohen, R. (2018). Local Arts Index (LAI), United States, 2009-2015:
Version 1 (Version v1) [Data set]. ICPSR - Interuniversity Consortium for Political
and Social Research. https://doi.org/10.3886/ICPSR36984.V1

Langmaid, M. (2017, May 29). Celebration of Cotton. Native Seed SEARCH.
https://www.nativeseeds.org/blogs/blog-news/celebration-of-cotton

Lien, A. M., Svancara, C., Vanasco, W., Ruyle, G. B., & Lépez-Hoffman, L. (2017). The
land ethic of ranchers: A core value despite divergent views of government.
Rangeland Ecology & Management, 70, 787—793.
https://doi.org/10.1016/j.rama.2017.06.004

Lindenmayer, D. B., Blanchard, W., Crane, M., Michael,D., & Sato, C. (2018).
Biodiversity benefits of vegetation restoration are undermined by livestock
grazing. Restoration Ecology, 26, 1157-1164. https://doi.org/10.1111/rec.12676

Lord, S. (2020). Valuing the impact of food: towards practical and comparable monetary
valuation of food system impacts. FoodSIVI. https://foodsivi.org/wp-
content/uploads/2020/06/Valuing-the-impact-of-food-Report Foodsivi.pdf

Maher, A. T., Maczko, K. A., Taylor, D. T., & Tanaka, J. A. (2020). National and State
Economic Values of Cattle Ranching and Farming-Based Ecosystem Services on
Federal and Private Lands in the U.S. Sustainable Rangelands Roundtable
Publication No. 7. University of Wyoming Extension.
http://www.sustainablerangelands.org/wp-content/uploads/2020/09/B-1367.pdf

Maher, A. T., Quintana Ashwell, N. E., Maczko, K. A., Taylor, D. T., Tanaka, J. A., &
Reeves, M. C. (2021). An economic valuation of federal and private grazing land
ecosystem services supported by beef cattle ranchingin the United States.
Translational Animal Science, 5(3). https://doi.org/10.1093/tas/txab054

Mayro, L., & McGibbon, M. K. (1999). Ranching in Pima County, Arizona—A
Conservation Objective: Sonoran Desert Conservation Plan. Pima County (Ariz.).
County Administrator’s Office. https://prism.lib.asu.edu/items/42744/view

136


https://doi.org/10.1007/s00253-013-5365-0
https://doi.org/10.3886/ICPSR36984.V1
https://www.nativeseeds.org/blogs/blog-news/celebration-of-cotton
https://doi.org/10.1016/j.rama.2017.06.004
https://doi.org/10.1016/j.rama.2017.06.004
https://doi.org/10.1016/j.rama.2017.06.004
https://doi.org/10.1111/rec.12676
https://doi.org/10.1111/rec.12676
https://foodsivi.org/wp-content/uploads/2020/06/Valuing-the-impact-of-food-Report_Foodsivi.pdf
https://foodsivi.org/wp-content/uploads/2020/06/Valuing-the-impact-of-food-Report_Foodsivi.pdf
http://www.sustainablerangelands.org/wp-content/uploads/2020/09/B-1367.pdf
https://doi.org/10.1093/tas/txab054
https://prism.lib.asu.edu/items/42744/view

Maxwell, J. (2019, September 22). Feds’ Discounted Grazing Fees Hurt Taxpayers,
Environment, Report Says. Sierra Club.
https://content.sierraclub.org/grassrootsnetwork/team-news/2019/09/feds-
discounted-grazing-fees-hurt-taxpayers-environment-report-says

McBride, W. D., & Mathews, K. (2011. The Diverse Structure and Organization of U.S.
Beef Cow-Calf Farms. United States Department of Agriculture, Economic
Research Service. http://www.ers.usda.gov/publications/pub-
details/?pubid=44532

McGranahan, D. (1999). Natural Amenities Scale. U.S. Department of Agriculture,
Economic Research Service.
https://www.ers.usda.qgov/iwebdocs/DataFiles/52201/natamenf 1 .xIs?v=3979.8

McSweeney, A. M., & Raish, C. (2012). Social, cultural, and economic aspects of
livestock ranching on the Santa Fe and Carson National Forests (RMRS-GTR-
276; p. RMRS-GTR-276). U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. https://doi.org/10.2737/RMRS-GTR-276

Merrigan, K. (2021). Embedding TCA within US regulatory decision-making. In Gemmill-
Herren, B., Baker, L. E., & Daniels, P. A. (Eds), True Cost Accounting for Food:
Balancing the Scale (pp 179-188). Routledge.
http://doi.org/10.4324/9781003050803

Merrill, K. R. (2002). The Taylor Grazing Act and the “Vast National Estate.” In Public
Lands and Political Meaning: Ranchers, the Government, and the Property
between them (pp. 135-168). University of California Press.
https://doi.org/10.1525/9780520926882-008

Milchunas, D. G., Sala, O. E., & Lauenroth, W. K. (1988). A generalized model of
the effects of grazing by large herbivores on grassland community
structure. The American Naturalist, 132, 87-106.
https://doi.org/10.1086/284839

Moechnig, H. (2010). Improving and sustaining forage production in pastures.
Minnesota Department of Agriculture, Natural Resources Conservation Service.
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcseprd1357650.pdf

National Conservation Easement Database (NCED). (2016).
https://www.conservationeasement.us/

137


https://content.sierraclub.org/grassrootsnetwork/team-news/2019/09/feds-discounted-grazing-fees-hurt-taxpayers-environment-report-says
https://content.sierraclub.org/grassrootsnetwork/team-news/2019/09/feds-discounted-grazing-fees-hurt-taxpayers-environment-report-says
http://www.ers.usda.gov/publications/pub-details/?pubid=44532
http://www.ers.usda.gov/publications/pub-details/?pubid=44532
http://www.ers.usda.gov/publications/pub-details/?pubid=44532
https://www.ers.usda.gov/webdocs/DataFiles/52201/natamenf_1_.xls?v=3979.8
https://doi.org/10.2737/RMRS-GTR-276
https://doi.org/10.2737/RMRS-GTR-276
http://doi.org/10.4324/9781003050803
https://doi.org/10.1525/9780520926882-008
https://doi.org/10.1086/284839
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcseprd1357650.pdf
https://www.conservationeasement.us/

National Oceanic and Atmospheric Administration (NOAA). (2022). Teacher Sheet 1
Critical Thinking Activity: The Methane Cycle. National Oceanic and Atmospheric
Administration.
https://gml.noaa.gov/outreach/info_activities/pdfs/Teacher CTA the methane cycl

e.pdf

National Parks Service. (2021, December 1). New Mexico Fiber Arts Traditions.
National Parks Service. https://www.nps.gov/articles/000/new-mexico-fiber-arts-
traditions.htm

National Telecommunications and Information Administration (NTIA). (2011). BTOP /
SBI Archived grant program ntia - US department of commerce. June 30,2011
National Broadband Map Datasets | BTOP / SBI Archived Grant Program.
https://www?2.ntia.doc.gov/Jun-2011-datasets

Natural Capital Coalition. (2016). True Cost Accounting in Finance, Food & Farming.
Natural Capital Coalition. https://naturalcapitalcoalition.org/wp-
content/uploads/2016/10/True-Cost-Accounting-in-Finance-Food-Farming.pdf

Njuki, J., Mapila, M., Zingore, S., & Delve, R. (2008). The Dynamics of Social Capital in
Influencing Use of Soil Management Options in the Chinyanja Triangle of
Southern Africa. Ecology and Society, 13(2). https://doi.org/10.5751/ES-02539-
130209

North American Renders Association (NARA). (2022). Environmental Sustainability of
Rendering. North American Renderers Association.
https://nara.org/sustainability/environmental-sustainability/

Nunnally,J. C. & Bernstein, I.H. (1994). Psychometric Theory. McGraw-Hill.

Office of the Federal Register (OFR). (2016). Executive Orders. National Archives |
Office of the Federal Register. https://www.archives.gov/federal-
register/codification/executive-order/12548.html

Ogada, D. L., Gadd, M. E., Ostfeld, R. S., Young, T. P., & Keesing, F. (2008). Impacts
of large herbivorous mammals on bird diversity and abundance in an African
savanna. Oecologia, 156, 387—397.
https://doi.org/10.1007/s00442-008-0994-1

138


https://gml.noaa.gov/outreach/info_activities/pdfs/Teacher_CTA_the_methane_cycle.pdf
https://gml.noaa.gov/outreach/info_activities/pdfs/Teacher_CTA_the_methane_cycle.pdf
https://www.nps.gov/articles/000/new-mexico-fiber-arts-traditions.htm
https://www.nps.gov/articles/000/new-mexico-fiber-arts-traditions.htm
https://www2.ntia.doc.gov/Jun-2011-datasets
https://naturalcapitalcoalition.org/wp-content/uploads/2016/10/True-Cost-Accounting-in-Finance-Food-Farming.pdf
https://naturalcapitalcoalition.org/wp-content/uploads/2016/10/True-Cost-Accounting-in-Finance-Food-Farming.pdf
https://doi.org/10.5751/ES-02539-130209
https://doi.org/10.5751/ES-02539-130209
https://doi.org/10.5751/ES-02539-130209
https://nara.org/sustainability/environmental-sustainability/
https://www.archives.gov/federal-register/codification/executive-order/12548.html
https://www.archives.gov/federal-register/codification/executive-order/12548.html
https://doi.org/10.1007/s00442-008-0994-1

Ollerer, K., Varga, A., Kirby, K., Demeter, L., Bird, M., B6l6ni, J., & Molnar, Z. (2019).
Beyond the obvious impact of domestic livestock grazing on temperate forest
vegetation — A global review. Biological Conservation, 237, 209-219.
https://doi.org/10.1016/j.biocon.2019.07.007

Organisation for Economic Co-operation and Development (OECD). (2022). Meat
consumption (indicator). https://doi.org/10.1787/44db9980-en

Quatahar, L., Bannink, A., Lanigan, G., & Amon, B. (2021). Modelling the effect of
feeding managementon greenhouse gas and nitrogen emissions in cattle
farming systems. Science of The Total Environment, 776, 145932.
https://doi.org/10.1016/j.scitotenv.2021.145932

Ozeran, R. (2019, April 29). Weeds and Wildfire. UC Weed Science.
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=30080

Pelletier, N., Pirog, R., & Rasmussen, R. (2010). Comparative life cycle environmental
impacts of three beef production strategies in the Upper Midwestern United
States. Agricultural Systems, 103, 380-389.
https://doi.org/10.1016/.agsy.2010.03.009

Pianin, E. (2014, May 8). Why grazing fees are the third rail of western politics. CNBC.
https://www.cnbc.com/2014/05/08/why-grazing-fees-are-the-third-rail-of-western-

politics.html

Pierrehumbert, R. T. (2014). Short-lived climate pollution. Annual Review of Earth and
Planetary Sciences, 42, 341-379. https://doi.org/10.1146/annurev-earth-060313-
054843

Putnam, R.D. (2001). Bowling alone: The collapse and revival of American community.
Simon & Schuster.

Raish, C., & McSweeney, A. M. (2001). Livestock ranching and traditional culture in
Northern New Mexico. Natural Resources Journal, 41, 713-730.
https://www.jstor.org/stable/24888838

Rangeland Analysis Platform. (2022). Rangeland Production Dataset.
https://support.rangelands.app/article/49-rangeland-production

139


https://doi.org/10.1016/j.biocon.2019.07.007
https://doi.org/10.1787/44db9980-en
https://doi.org/10.1016/j.scitotenv.2021.145932
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=30080
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=30080
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=30080
https://urldefense.com/v3/__https:/doi.org/10.1016/j.agsy.2010.03.009__;!!IKRxdwAv5BmarQ!bgWOAtSmv6EFVskF8klTe8F5UuRHaBp2Wi3n2KRshg8Z881hPOhP-ptdpCeC0lpekb1x5vwS-D6CMU0c2XcWvmg$
https://www.cnbc.com/2014/05/08/why-grazing-fees-are-the-third-rail-of-western-politics.html
https://www.cnbc.com/2014/05/08/why-grazing-fees-are-the-third-rail-of-western-politics.html
https://doi.org/10.1146/annurev-earth-060313-054843
https://doi.org/10.1146/annurev-earth-060313-054843
https://www.jstor.org/stable/24888838
https://support.rangelands.app/article/49-rangeland-production

Rangelands Gateway. (2022). Rangelands on Indigenous Lands. Rangelands Gateway.
https://rangelandsgateway.org/topics/rangelands-indigenous-lands

Reiter, D., Parrott, L., & Pittman, J. (2021). Species at risk habitat conservation on
private land: The perspective of cattle ranchers. Biodiversity and Conservation,
30, 2377-2393. https://doi.org/10.1007/s10531-021-02199-3

Ritchie, H., & Roser, M. (2021). Deforestation and Forest Loss. Our World in Data.
https://ourworldindata.org/deforestation

Robert Wood Johnson Foundation (RWJF). (2010). County Health Rankings National
Data.https://www.countyhealthrankings.org/sites/default/files/2010%20County%2
OHealth%20Rankings%20National%20Data v2.xIs

Roche, L. M., Kromschroeder, L., Atwill, E. R., Dahlgren,R. A., & Tate, K. W. (2013).
Water quality conditions associated with cattle grazing and recreation on National
Forest Lands. PLoS ONE, 8(6). https://doi.org/10.1371/journal.pone.0068127

Rockefeller Foundation. (2021). True Cost of Food. Measuring What Matters to
Transform the U.S. Food System. The Rockefeller Foundation.
https://www.rockefellerfoundation.org/report/true-cost-of-food-measuring-what-
matters-to-transform-the-u-s-food-system/

Rosenstock, S. S., Ballard, W. B., & Devos, J. C. (1999). Viewpoint: Benefits and
impacts of wildlife water developments. Journal of Range Management, 52, 302.
https://doi.org/10.2307/4003538

Rotz, C. A., Asem-Hiablie, S., Place, S., & Thoma, G. (2019). Environmental footprints
of beef cattle production in the United States. Agricultural Systems, 169, 1-13.
https://doi.org/10.1016/j.agsy.2018.11.005

Rupasingha, A., Goetz, S. J., & Freshwater, D. (2006). The production of social capital
in US counties. The Journal of Socio-Economics, 35, 83-101.
https://doi.org/10.1016/j.socec.2005.11.001. Updated data available at:
https://aese.psu.edu/nercrd/community/social-capital-resources

Sabzalian, L. (2019). The tensions between Indigenous sovereignty and multicultural
citizenship education: Toward an anticolonial approach to civic education. Theory &
Research in Social Education, 47, 311-346.
https://doi.org/10.1080/00933104.2019.1639572

140


https://rangelandsgateway.org/topics/rangelands-indigenous-lands
https://doi.org/10.1007/s10531-021-02199-3
https://ourworldindata.org/deforestation
https://www.countyhealthrankings.org/sites/default/files/2010%20County%20Health%20Rankings%20National%20Data_v2.xls
https://www.countyhealthrankings.org/sites/default/files/2010%20County%20Health%20Rankings%20National%20Data_v2.xls
https://doi.org/10.1371/journal.pone.0068127
https://www.rockefellerfoundation.org/report/true-cost-of-food-measuring-what-matters-to-transform-the-u-s-food-system/
https://www.rockefellerfoundation.org/report/true-cost-of-food-measuring-what-matters-to-transform-the-u-s-food-system/
https://doi.org/10.2307/4003538
https://doi.org/10.2307/4003538
https://doi.org/10.2307/4003538
https://doi.org/10.1016/j.agsy.2018.11.005
https://doi.org/10.1016/j.agsy.2018.11.005
https://doi.org/10.1016/j.agsy.2018.11.005
https://doi.org/10.1016/j.socec.2005.11.001
https://aese.psu.edu/nercrd/community/social-capital-resources
https://doi.org/10.1080/00933104.2019.1639572

Sanderson, J., Beutler,C., Browm, J., Burke, I., Chapman, T., Conant, R., Derner, J.,
Easter, M., Fuhlendorf, S., Grissom, G., Herrick, J., Liptzin, D., Morgan, J.,
Murph,R., Pague, C., Rangwala, I., Ray, D., Rondeau, R., Schulz, T., & Sullivan,
T. (2020). Cattle, conservation, and carbon in the western Great Plains. Journal
of Soil and Water Conservation, 75, 5A-12A. https://doi.org/10.2489/jswc.75.1.5A

Sandhu, H., Regan, C., Perveen, S., & Patel, V. (2021). Methods and frameworks: The
tools to assess externalities. In Gemmill-Herren, B., Baker, L. E., & Daniels, P. A.
(Eds), True Cost Accounting for Food: Balancing the Scale (pp 51-67).
Routledge. https://doi.org/10.4324/9781003050803

Schieltz, J. M., & Rubenstein, D.I. (2016). Evidence based review: Positive versus
negative effects of livestock grazing on wildlife. Whatdo we really know?
Environmental Research Letters, 11(11). https://doi.org/10.1088/1748-
9326/11/11/113003

Schilling, B., Esseks, J. D., Duke, J., Gottlieb, P., & Lynch, L. (2015). The future of
preserved farmland: Ownership succession in three Mid-Atlantic States. Journal
of Agriculture, Food Systems, and Community Development, 5, 1-25.
https://doi.org/10.5304/jafscd.2015.052.008

Schmit, T. M., Jablonski, B. B. R., Bonanno, A., & Johnson, T. G. (2021). Measuring
stocks of community wealth and their association with food systems efforts in rural
and urban places. Food Policy, 102, 102119.
https://doi.org/10.1016/j.foodpol.2021.102119

Schultz, A. A, Peppard, P., Gangnon, R. E., & Malecki, K. M. C. (2019). Residential
proximity to concentrated animal feeding operations and allergic and respiratory
disease. Environment International, 130, 104911.
https://doi.org/10.1016/j.envint.2019.104911

Schuman, G. E., Janzen, H. H., Herrick, J.E. (2002). Soil carbon dynamics and potential
carbon sequestration by rangelands. Environmental Pollution, 116, 391-396.
https://doi.org/10.1016/S0269-7491(01)00215-9

Searle, S.R., Speed, F.M., & Milliken, G.A. (1980). Population marginal meansin the
linear model: An alternative to least squares means. The American Statistician,
34, 216-221. https://doi.org/10.1080/00031305.1980.10483031

141


https://doi.org/10.2489/jswc.75.1.5A
https://doi.org/10.4324/9781003050803
https://doi.org/10.1088/1748-9326/11/11/113003
https://doi.org/10.1088/1748-9326/11/11/113003
https://doi.org/10.5304/jafscd.2015.052.008
https://doi.org/10.1016/j.foodpol.2021.102119
https://urldefense.com/v3/__https:/doi.org/10.1016/j.envint.2019.104911__;!!IKRxdwAv5BmarQ!YRhtVC-ZRVHouqB7weXJY4Bw901q8to9NqxaQ998UfZk7m8BC5I7CFXmDS4eWVqQ_PjvFUJ9iYOMfYadqJ-sFfM$
https://doi.org/10.1016/S0269-7491(01)00215-9
https://doi.org/10.1080/00031305.1980.10483031

Shine,K.P., Berntsen, T. K., Fuglestvedt, J. S., & Sausen, R. (2005). Scientificissues
in the design of metrics for inclusion of oxides of nitrogen in global climate
agreements. Proceedings of the National Academy of Sciences, 102(44).
https://doi.org/10.1073/pnas.0506865102

Sluyter, A. (1996). The ecological origins and consequences of cattle ranchingin
Sixteenth-Century New Spain. Geographical Review, 86, 161.
https://doi.org/10.2307/215954

Stein, A., Gerstner, K., & Kreft, H. (2014). Environmental heterogeneity as a universal
driver of species richness across taxa, biomes and spatial scales. Ecology
Letters, 17, 866-880. https://doi.org/10.1111/ele.12277

Soil & More Impacts and TMG ThinkTank for Sustainability. (2020). True Cost
Accounting: Inventory Report. Global Alliance for the Future of Food. https:/Amg-
thinktank.com/projects/tca-inventory

Souza, N. R.D. de, Cavalett, O., & Junqueira, T. L. (2022). Techno-economic and
environmental assessmentof bioenergy and livestock integrated systems in
Brazil. Sustainable Production and Consumption, 32, 580-592.
https://doi.org/10.1016/j.spc.2022.05.013

Stanley, P. L., Rowntree, J. E., Beede, D. K., DeLonge, M. S., & Hamm, M. W. (2018).
Impacts of soil carbon sequestration on life cycle greenhouse gas emissionsin
Midwestern USA beef finishing systems. Agricultural Systems, 162, 249-258.
https://doi.org/10.1016/j.agsy.2018.02.003

Teague, R., & Barnes, M. (2017). Grazing managementthat regenerates ecosystem
function and grazing and livelihoods. African Journal of Range & Forage Science,
34, 77-86. https://doi.org/10.2989/10220119.2017.1334706

Teague, W. R., Dowhower, S. L., Baker, S. A, Haile,N., DeLaune, P.B., & Conover,D.
M. (2011). Grazing managementimpacts on vegetation, soil biota and soil
chemical, physical and hydrological properties in tall grass prairie. Agriculture,
Ecosystems & Environment, 141, 310-322.
https://doi.org/10.1016/j.agee.2011.03.009

Teague, W. R., Apfelbaum, S., Lal, R., Kreuter, U. P., Rowntree, J., Davies, C. A,,
Conser, R., Rasmussen, M., Hatfield, J., Wang, T., Wang, F., & Byck, P. (2016).
The role of ruminants in reducing agriculture’s carbon footprintin North America.

142


https://doi.org/10.1073/pnas.0506865102
https://doi.org/10.2307/215954
https://doi.org/10.2307/215954
https://doi.org/10.2307/215954
https://doi.org/10.1111/ele.12277
https://tmg-thinktank.com/projects/tca-inventory
https://tmg-thinktank.com/projects/tca-inventory
https://doi.org/10.1016/j.spc.2022.05.013
https://doi.org/10.1016/j.agsy.2018.02.003
https://doi.org/10.1016/j.agsy.2018.02.003
https://doi.org/10.1016/j.agsy.2018.02.003
https://doi.org/10.2989/10220119.2017.1334706
https://doi.org/10.1016/j.agee.2011.03.009
https://doi.org/10.1016/j.agee.2011.03.009
https://doi.org/10.1016/j.agee.2011.03.009

Journal of Soil and Water Conservation, 71, 156-164.
https://doi.org/10.2489/jswc.71.2.156

The Economics of Ecosystems and Biodiversity (TEEB). (2018). TEEB for Agriculture &
Food: Scientificand Economic Foundations. Geneva: UN Environment.
http:/teebweb.org/wp-
content/uploads/2018/11/Foundations Report Final October.pdf

Thompson, J. (2016, January 14). The first Sagebrush Rebellion: What sparked it and
how it ended. High Country News. https://www.hcn.org/articles/a-look-back-at-
the-first-sagebrush-rebellion

Thompson, L. R., & Rowntree, J. E. (2020). Invited Review: Methane sources,
quantification, and mitigation in grazing beef systems. Applied Animal Science, 36,
556-573. https://doi.org/10.15232/aas.2019-01951

Torell, L. A., Rimbey, N. R., Tanaka, J. A., & Bailey, S. (2001). The lack of profit motive
for ranching: Implications for policy analysis. Paper presented at the Annual
Meeting of the Society for Range Management, Kailua-Kona, Hawaii, February
17-23, 2001. http://dx.doi.org/10.22004/ag.econ.16629

True Cost Initiative (2022). TCA Handbook — Practical True Cost Accounting Guidelines
for the Food and Farming Sector on Impact Measurement, Valuation and
Reporting. Soil & More Impacts and TMG Topfer, Muller GaRner GmbH.
http://tca2f.org/wp-content/uploads/2022/03/TCA Agrifood Handbook.pdf

University of Cambridge Institute for Sustainability Leadership (CISL). (2020, April).
Measuring Business Impacts on Nature: A Framework to Support Better
Stewardship of Biodiversity in Global Supply Chains. University of Cambridge
Institute for Sustainability Leadership.
https://www.cisl.cam.ac.uk/resources/natural-resource-security-
publications/measuring-business-impacts-on-nature

U.S. Census Bureau. (2007). Annual Survey of State and Local Government Finance.
Historical data (formerly Special 60), file: “_IndFin_1967-2012".
https://www.census.gov/data/datasets/2010/econ/local/public-use-datasets.html

U.S. Census Bureau. (2010a). Modified Race Data 2010.
https://www.census.gov/data/datasets/2010/demo/popest/modified-race-data-
2010.html

143


https://doi.org/10.2489/jswc.71.2.156
http://teebweb.org/wp-content/uploads/2018/11/Foundations_Report_Final_October.pdf
http://teebweb.org/wp-content/uploads/2018/11/Foundations_Report_Final_October.pdf
https://www.hcn.org/articles/a-look-back-at-the-first-sagebrush-rebellion
https://www.hcn.org/articles/a-look-back-at-the-first-sagebrush-rebellion
https://doi.org/10.15232/aas.2019-01951
http://dx.doi.org/10.22004/ag.econ.16629
http://tca2f.org/wp-content/uploads/2022/03/TCA_Agrifood_Handbook.pdf
https://www.cisl.cam.ac.uk/resources/natural-resource-security-publications/measuring-business-impacts-on-nature
https://www.cisl.cam.ac.uk/resources/natural-resource-security-publications/measuring-business-impacts-on-nature
https://www.census.gov/data/datasets/2010/econ/local/public-use-datasets.html
https://www.census.gov/data/datasets/2010/demo/popest/modified-race-data-2010.html
https://www.census.gov/data/datasets/2010/demo/popest/modified-race-data-2010.html

U.S. Census Bureau. (2010b). American Community Survey, 5-year estimate.
https://www.census.gov/data/developers/data-sets/acs-5year.2010.html

U.S. Census Bureau. (2014). Geography Area Series: County Business Patterns.
https://factfinder.census.gov/faces/tableservices/isf/pages/productview.xhtml?src
=bkmk

U.S. Department of Agriculture, Economic Research Service (USDA ERS). USDA,
Economic Research Service (USDA ERS). (2014). Creative Class County
Codes.
https://www.ers.usda.gov/iwebdocs/DataFiles/48675/creativeclass200711.xIs?v=
3150.8

U.S. Department of Agriculture, Economic Research Service (USDA ERS). (2016).
Rural Urban Continuum Codes. https://www.ers.usda.gov/data-products/rural-
urban-continuum-codes/

U.S. Department of Agriculture, Economic Research Service (USDA ERS). (2017).
USDA ERS - Major Land Uses. United States Department of Agriculture,
Economic Research Service. https://www.ers.usda.gov/data-produ cts/major-
land-uses/

U.S. Department of Agriculture, Economic Research Service (USDA ERS) (2022a).
USDA ERS - Statistics & Information. United States Department of Agriculture,
Economic Research Service. https://www.ers.usda.gov/topics/animal-
products/cattle-beef/statistics-information.aspx

U.S. Department of Agriculture, Economic Research Service (USDA ERS). (2022b,
September 26). USDA ERS - Sector at a Glance. United States Department of
Agriculture, Economic Research Service. https://www.ers.usda.gov/topics/animal-
products/cattle-beef/sector-at-a-glance/

U.S. Department of Agriculture, USDA Farm Service Agency (USDA FSA). (2017). FSA
Crop Acreage Data. https://www.fsa.usda.gov/Assets/USDA-FSA-
Public/usdafiles/NewsRoom/eFOIA/crop-acre-data/zips/2017-crop-acre-
data/2017 fsa acres jan2018.zip

U.S. Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2017a). USDA/NASS QuickStats Ad-hoc Query Tool. Quick Stats.

144


https://www.census.gov/data/developers/data-sets/acs-5year.2010.html
https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk
https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk
https://www.ers.usda.gov/webdocs/DataFiles/48675/creativeclass200711.xls?v=3150.8
https://www.ers.usda.gov/webdocs/DataFiles/48675/creativeclass200711.xls?v=3150.8
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/
https://www.ers.usda.gov/data-products/major-land-uses/
https://www.ers.usda.gov/data-products/major-land-uses/
https://www.ers.usda.gov/topics/animal-products/cattle-beef/statistics-information.aspx
https://www.ers.usda.gov/topics/animal-products/cattle-beef/statistics-information.aspx
https://www.ers.usda.gov/topics/animal-products/cattle-beef/statistics-information.aspx
https://www.ers.usda.gov/topics/animal-products/cattle-beef/sector-at-a-glance/
https://www.ers.usda.gov/topics/animal-products/cattle-beef/sector-at-a-glance/
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/NewsRoom/eFOIA/crop-acre-data/zips/2017-crop-acre-data/2017_fsa_acres_jan2018.zip
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/NewsRoom/eFOIA/crop-acre-data/zips/2017-crop-acre-data/2017_fsa_acres_jan2018.zip
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/NewsRoom/eFOIA/crop-acre-data/zips/2017-crop-acre-data/2017_fsa_acres_jan2018.zip
https://quickstats.nass.usda.gov/results/8A621FFC-4936-3480-9DDD-D3A381B3BA46

u.s.

u.S.

u.s.

u.Ss.

u.S.

u.S.

u.S.

u.S.

https://quickstats.nass.usda.gov/results/B941BD01-93C7-3DE6G-A475-
BO963BBEA18B9

Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2017b). USDA/NASS QuickStats Ad-hoc Query Tool. Quick Stats -
https://quickstats.nass.usda.gov/results/9A65BD0B-B933-37F6-8EBD-
7A823ECE61A4

Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2017c). USDA/NASS QuickStats Ad-hoc Query Tool. Quick Stats —
https:/quickstats.nass.usda.gov/results/90AAFC68-BDB6-3CC5-BBFE-
E865DF69F5CC

Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2017d). USDA/NASS QuickStats Ad-hoc Query Tool. Quick Stats.
https://quickstats.nass.usda.gov/results/6DC8EFEE-F8D0-30A0-812D-
39EC5793AC65

Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2017e). USDA/NASS QuickStats Ad-hoc Query Tool. Quick Stats.
https:/quickstats.nass.usda.gov/results/9869349F-AD03-3772-95A7-
00B2FE254A5F

Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2017f). USDA/NASS QuickStats Ad-hoc Query Tool. Quick Stats.
https://quickstats.nass.usda.gov/results/3BF54617-C368-32D0-9AFC-
E47DFBAOBACS

Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2017g). USDA/NASS QuickStats Ad-hoc Query Tool. Quick Stats.
https://quickstats.nass.usda.gov/results/0C2BCC2A-6110-308C-877D-
0B97F7EA1056

Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2017h). Census of Agriculture 2017. Microdata.

Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2017i). USDA/NASS QuickStats Ad-hoc Query Tool. Quick Stats.
https://quickstats.nass.usda.gov/results/96A36E07-2991-35D3-8410-
95F648679D45

145


https://quickstats.nass.usda.gov/results/B941BD01-93C7-3DE6-A475-B963BBEA18B9
https://quickstats.nass.usda.gov/results/B941BD01-93C7-3DE6-A475-B963BBEA18B9
https://quickstats.nass.usda.gov/results/9A65BD0B-B933-37F6-8EBD-7A823ECE61A4
https://quickstats.nass.usda.gov/results/9A65BD0B-B933-37F6-8EBD-7A823ECE61A4
https://quickstats.nass.usda.gov/results/90AAFC68-BDB6-3CC5-BBFE-E865DF69F5CC
https://quickstats.nass.usda.gov/results/90AAFC68-BDB6-3CC5-BBFE-E865DF69F5CC
https://quickstats.nass.usda.gov/results/6DC8EFEE-F8D0-30A0-812D-39EC5793AC65
https://quickstats.nass.usda.gov/results/6DC8EFEE-F8D0-30A0-812D-39EC5793AC65
https://quickstats.nass.usda.gov/results/9869349F-AD03-3772-95A7-00B2FE254A5F
https://quickstats.nass.usda.gov/results/9869349F-AD03-3772-95A7-00B2FE254A5F
https://quickstats.nass.usda.gov/results/3BF54617-C368-32D0-9AFC-E47DFBA0BAC8
https://quickstats.nass.usda.gov/results/3BF54617-C368-32D0-9AFC-E47DFBA0BAC8
https://quickstats.nass.usda.gov/results/0C2BCC2A-6110-308C-877D-0B97F7EA1056
https://quickstats.nass.usda.gov/results/0C2BCC2A-6110-308C-877D-0B97F7EA1056
https://quickstats.nass.usda.gov/results/8A621FFC-4936-3480-9DDD-D3A381B3BA46
https://quickstats.nass.usda.gov/results/96A36E07-2991-35D3-8410-95F648679D45
https://quickstats.nass.usda.gov/results/96A36E07-2991-35D3-8410-95F648679D45

U.S.

u.s.

u.S.

u.Ss.

u.S.

u.S.

u.S.

Department of Agriculture, National Agricultural Statistics Service (USDA NASS).
(2019). 2017 Census of Agriculture. United States. United States Department of
Agriculture.
https://www.nass.usda.gov/Publications/AgCensus/2017/Full Report/Volume 1,

Chapter 1 US/usvl.pdf

Department of Agriculture, National, National Agricultural Statistics Service (USDA
NASS). (2020). Livestock Slaughter 10/22/2020. United States Department of
Agriculture, United States Department of Agriculture.
https://www.nass.usda.gov/Publications/Todays Reports/reports/Istk1020.pdf

Department of Agriculture, Natural Resources Conservation Service (USDA
NRCS). (1999). Soil Quality Test Kit Guide. United States Department of
Agriculture, Natural Resources Conservation Service.
https://www.nrcs.usda.gov/internet/FSE _DOCUMENTS/nrcs143 019251.pdf

Department of Agriculture, Natural Resources Conservation Service (USDA
NRCS). (2010). Sustainable Grazing Lands Providing a Healthy Environment.
United States Department of Agriculture, Natural Resources Conservation
Service.
https://www.nrcs.usda.gov/internet/FSE_DOCUMENTS/stelprdb1043496.pdf

Department of Agriculture, USDA Natural Resource Conservation Service (USDA
NRCS). (2012). National Resources Inventory. United States Department of
Agriculture, Natural Resources Conservation Service
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/nri/results/
?cid=nrcs143 013647

Department of Agriculture, National Resources Conservation Service (USDA
NRCS). (2020). Summary Report: 2017 National Resources Inventory. United
States Department of Agriculture, Natural Resources Conservation Service.
https://www.nrcs.usda.goviwps/PA NRCSConsumption/download?cid=nrcseprd
1657225&ext=pdf

Department of Justice, Federal Bureau of Investigation (USDJ FBI). (2014).
Uniform Crime Reporting Program Data: County-Level Detailed Arrest and
Offense Data, United States, 2014: Version 2 (Version v2) [Data set]. ICPSR -
Interuniversity Consortium for Political and Social Research.
https://doi.org/10.3886/ICPSR36399.V2

146


https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_US/usv1.pdf
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_US/usv1.pdf
https://www.nass.usda.gov/Publications/Todays_Reports/reports/lstk1020.pdf
https://www.nass.usda.gov/Publications/Todays_Reports/reports/lstk1020.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs143_019251.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1043496.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1043496.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1043496.pdf
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/nri/results/?cid=nrcs143_013647
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/nri/results/?cid=nrcs143_013647
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1657225&ext=pdf
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1657225&ext=pdf
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1657225&ext=pdf
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1657225&ext=pdf
https://doi.org/10.3886/ICPSR36399.V2

U.S. Forest Service (USFS). (2017). Land areas of the National Forest System. FS-383.
United States Department of Agriculture, Forest Service.
https://www.fs.fed.us/land/staff/lar/LAR2017/LAR Book FY2017.pdf

U.S. Interagency Working Group on Social Cost of Greenhouse Gases. (2021).
Technical Support Document: Social Cost of Carbon, Methane, and Nitrous
Oxide Interim Estimates under Executive Order 13990.
https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument SocialCostofCarbonMetha
neNitrousOxide.pdf

Veblen, K. E., Beever, E. A., & Pyke, D. A. (2019). Context-dependent effects of
livestock grazing in deserts of Western North America. In Beever, E. A., Prange,
S. & DellaSala, D. A. (Eds.), Disturbance Ecology and Biological Diversity (1st
ed., pp. 89-114). CRC Press. hitps://doi.org/10.1201/9780429095146-4

Vincent, C. H. (2019, March 4). Grazing Fees: Overview and Issues. Congressional
Research Service. https://sgp.fas.org/crs/misc/RS21232.pdf

von Braun, J., Afsana, K., Fresco, L. O., & Hassan, M. (2021). Science for
Transformation of Food Systems: Opportunities for the UN Food Systems
Summit. Scientific Group for the UN Food Systems Summit. https://sc-
fss2021.org/wp-content/uploads/2021/07/Scientific-Group-Strategic-Paper-
Science-for-Transformation-of-Food-Systems Augqust-2.pdf

Weidema, B., Wenzel, H., Petersen, C., & Hansen, K. (2004). The product, functional
unitand reference flows in LCA. Environmental News, 70, 47.
https://www?2.mst.dk/udgiv/publications/2004/87-7614-233-7/pdf/87-7614-234-

S5.pdf

Werth, S. (2020, February 19). The Biogenic Carbon Cycle and Cattle. Clarity and
Leadership for Environmental Awareness and Research atUC Dauvis.
https://clear.ucdavis.edu/explainers/biogenic-carbon-cycle-and-cattle

The White House. (2022, January 3). FACT SHEET: The Biden-Harris Action Plan fora
Fairer, More Competitive, and More Resilient Meat and Poultry Supply Chain.
The White House Statements and Releases.
https://www.whitehouse.gov/briefing-room/statements-releases/2022/01/03/fact-

147


https://www.fs.fed.us/land/staff/lar/LAR2017/LAR_Book_FY2017.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://doi.org/10.1201/9780429095146-4
https://sgp.fas.org/crs/misc/RS21232.pdf
https://sc-fss2021.org/wp-content/uploads/2021/07/Scientific-Group-Strategic-Paper-Science-for-Transformation-of-Food-Systems_August-2.pdf
https://sc-fss2021.org/wp-content/uploads/2021/07/Scientific-Group-Strategic-Paper-Science-for-Transformation-of-Food-Systems_August-2.pdf
https://sc-fss2021.org/wp-content/uploads/2021/07/Scientific-Group-Strategic-Paper-Science-for-Transformation-of-Food-Systems_August-2.pdf
https://www2.mst.dk/udgiv/publications/2004/87-7614-233-7/pdf/87-7614-234-5.pdf
https://www2.mst.dk/udgiv/publications/2004/87-7614-233-7/pdf/87-7614-234-5.pdf
https://www2.mst.dk/udgiv/publications/2004/87-7614-233-7/pdf/87-7614-234-5.pdf
https://www2.mst.dk/udgiv/publications/2004/87-7614-233-7/pdf/87-7614-234-5.pdf
https://clear.ucdavis.edu/explainers/biogenic-carbon-cycle-and-cattle
https://www.whitehouse.gov/briefing-room/statements-releases/2022/01/03/fact-sheet-the-biden-harris-action-plan-for-a-fairer-more-competitive-and-more-resilient-meat-and-poultry-supply-chain/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/01/03/fact-sheet-the-biden-harris-action-plan-for-a-fairer-more-competitive-and-more-resilient-meat-and-poultry-supply-chain/

sheet-the-biden-harris-action-plan-for-a-fairer-more-competitive-and-more-
resilient-meat-and-poultry-supply-chain/

Whitt, C., & Wallander, S. (2022). Rotational Grazing Adoption by Cow-Calf Operations.
United States Department of Agriculture, Economic Research Service.
https://www.ers.usda.gov/webdocs/publications/105077/eib-243.pdf?v=281.5

Williams, G. W. (2003). References on the American Indian Use of Fire in Ecosystems.
United States Department of Agriculture, Forest Service.
https://sipnuuk.karuk.us/digital-h eritage/references-american-indian-use-fire-
ecosystems-0

Wilmer, H., & Fernandez-Giménez, M. E. (2016). Some years you live like a coyote:
Gendered practices of cultural resilience in working rangeland landscapes.
Ambio, 45(S3), 363—-372. https://doi.org/10.1007/s13280-016-0835-0

Wilmer, H., & Sturrock, J. (2020). “Humbled by Nature”: A rancher’'s mental model of
adaptation in the great plains. Great Plains Research, 30, 15-33.
https://www.ars.usda.gov/ARSUserFiles/51815/GPR%2030.1.pdf

Wilmer, H., Fernandez-Giménez, M. E., Ghajar, S., Taylor, P. L., Souza, C., & Derner,
J. D. (2020). Managing forthe middle: Rancher care ethics underuncertainty on
Western Great Plains rangelands. Agriculture and Human Values, 37, 699-718.
https://doi.org/10.1007/s10460-019-10003-w

Wolf, K. M., Baldwin,R. A., & Barry, S. (2017). Compatibility of livestock grazing and
recreational use on coastal California public lands: Importance, interactions, and
managementsolutions. Rangeland Ecology & Management, 70, 192—-201.
https://doi.org/10.1016/j.rama.2016.08.008

148


https://www.whitehouse.gov/briefing-room/statements-releases/2022/01/03/fact-sheet-the-biden-harris-action-plan-for-a-fairer-more-competitive-and-more-resilient-meat-and-poultry-supply-chain/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/01/03/fact-sheet-the-biden-harris-action-plan-for-a-fairer-more-competitive-and-more-resilient-meat-and-poultry-supply-chain/
https://www.ers.usda.gov/webdocs/publications/105077/eib-243.pdf?v=281.5
https://sipnuuk.karuk.us/digital-heritage/references-american-indian-use-fire-ecosystems-0
https://sipnuuk.karuk.us/digital-heritage/references-american-indian-use-fire-ecosystems-0
https://doi.org/10.1007/s13280-016-0835-0
https://www.ars.usda.gov/ARSUserFiles/51815/GPR%2030.1.pdf
https://doi.org/10.1007/s10460-019-10003-w
https://doi.org/10.1016/j.rama.2016.08.008

Contact for more information:

Swette Center for Sustainable Food Systems
Erpaidicfooelsystanis Qasaiesiie FyVals ite iR eslaYsirmSs ASWEsHh ool of Sustainability


mailto:foodsystems@asu.edu
file:///C:/Users/smstron2/Dropbox%20(ASU)/Active%20Projects%20-%20Sharla/Publication/MarCom%20Template/Sharla%20edits/foodsystems.asu.edu

