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EXECUTIVE SUMMARY 
Through innovation and coordination across a fragmented value chain, the U.S. beef 

industry has become highly efficient and productive. It converts capital, human labor, 

genetics, and land, soil, water and nutrients into safe, consistent products at scale, 

contributing to rural economies and the global food supply. These core inputs are essential 

to production, key to managing sectoral impacts, and increasingly affected by shocks in the 

system. Amid growing disruptions, beef valuation continues to rise, and consumer demand 

remains high.1  

Progress to date has not been linear. Instead, it has leaped forward over the decades 

through a series of industry-wide paradigm shifts that aligned incentives and mandates, 

strengthened information flows, and established shared accountability across the system. 

Over the past 50 years, four major transformations have reshaped how the industry 

operates: premium value branded beef (Certified Angus Beef, CAB), industry practice 

standards (Beef Quality Assurance, BQA), prevention-based food safety (Hazard Analysis 

Critical Control Point, HACCP), and animal welfare auditing and verification. Each shift 

followed a common pattern: a clear industry threat or opportunity, pre-competitive 

collaboration, and redefinition of performance expectations. These shifts established the 

conditions for highly efficient production and growth.  

System-level change is once again necessary and with greater urgency than ever before. 

The pressures the beef industry increasingly faces across environmental volatility, workforce 

instability, resource constraints, and tightening margins are not temporary disruptions.  

Figure 1: Compounding social and environmental disruptions  

 

 

CITATIONS 12, 23, 34, 45, 56, 67, 78, 89, 910 

 

 

 



4 
 

These are structural shifts. These compounding forces are exposing a critical vulnerability: 

an industry optimized for efficiency under stable conditions is not yet resilient enough in the 

face of increasing instability driven by multiple, overlapping disruptions. Navigating this 

moment requires, yet again, pre-competitive collaboration, clarity, and commitment.  

This is a pivotal moment for leaders across the value chain. A more durable and sustainable 

U.S. beef value chain in the 21st century requires a paradigm shift towards resilience amid 

rapidly accelerating instability. Resilience is defined as: The system's ability to withstand, 

adapt to, or transform in the face of complex disruptions. Coupling resilience efforts with 

preventative mitigation measures to reduce future disruptions creates a powerful 

combination that can position the sector to better weather disruptions and find stability in a 

less predictable environment.   

Resilience requires shoring up the foundation that the beef value chain relies on: strong 

communities and labor pools as well as healthy natural resources, ecosystems and herds. 

This requires both adapting to, and mitigating against, record droughts, extreme weather, 

and wildfires, among other disruptions. It is both improving physical capacities throughout 

the value chain and improving organizational and interpersonal capacity to work pre-

competitively towards system-wide benefit. 
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History shows us that system level change is possible. It also gives us strategies for 

successful paradigm shifts.  

Figure 2: Strategic insights from historic paradigm shifts, and example modern interventions  

 

 

This white paper explores the strategies that built the current, highly efficient beef system, 

and how they can be applied today to support the U.S. beef sector becoming one of the most 

resilient in the world. These historic strategies have supported critical shifts in the beef 

sector in recent decades, offering clear evidence that they are achievable, impactful, and 

can be leveraged today to overcome the challenges the sector faces.  
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U.S. BEEF INDUSTRY AT A GLANCE   
Beef production remains a major player in U.S. agriculture and rural economic activity. In 

2024, cattle production generated roughly $113 billion in revenue, or about 22% of all U.S. 

agricultural cash receipts, making it the largest contributor to farm revenues of any 

commodity.11  

At its foundation, it is a uniquely distributed production base. The U.S. cattle sector includes 

more than 730,000 operations, many of which are family operations, managing 

approximately 87 million head of cattle,12 with ~90% of herds having fewer than 100 

head.13 This decentralized network raises cattle across diverse landscapes and climates, 

while historically maintaining a steady flow of cattle into downstream feeding and processing 

systems, where operations become less diffuse.  

Feedlots deliver the efficiencies that come with operating at large scale: feedlots with 

capacities above 1,000 head account for roughly 85% of fed cattle production.14 The 

processing sector then converts cattle into consumer-ready products, which are distributed 

to retailers, foodservice operators, and international buyers through large packing facilities. 

The U.S. meat and poultry processing industry employs hundreds of thousands of workers, 

who form the backbone of the national protein supply chain.  

The industry sees high, sustained demand. In 2024, U.S. fresh beef retail sales exceeded 

$40 billion, accounting for more than half of the fresh meat market.15 Producers, feeders, 
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and processors have responded by expanding product offerings from ground beef and 

everyday retail cuts to premium, branded, and specialty programs, to meet demand by 

American consumers, contributing to the United States’ position as the world’s largest 

producer and consumer of beef by volume.  
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HISTORIC PARADIGM SHIFTS IN THE U.S. BEEF SECTOR  
How the U.S. beef industry has changed over time  

Spanning family-run cow-calf operations, large-scale feedlots, and processing facilities, the 

U.S. beef industry has built a highly efficient and productive livestock system. At its 

foundation, the industry has a production network capable of reliably converting land, 

capital, feed, and genetics into products for domestic and international markets. This is 

made possible by an ecosystem of jobs and services across ranching, feed production, 

animal health, transportation, processing, and food service. 

The sector today is the result of five decades of adapting, aligning, and improving in 

response to evolving market demands, consumer expectations, and systemic risks. Large-

scale shifts were not incremental but step changes in system operations and performance. 

While the system-wide coordination they took may have just looked like the market doing its 

work, underneath that umbrella was substantive value chain alignment across a fragmented 

upstream and competitive downstream value chain. 

Figure 3: Four major U.S. beef paradigm shifts 
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Each paradigm shift transformation followed a similar pattern: a clear industry need, a set of 

aligned, pre-competitive actions across the value chain, and durable outcomes that 

redefined performance. 

Figure 4: Industry needs, actions, and outcomes of four major U.S. beef paradigm shifts 

  

1. From Commodity Production to Specification-Driven Value 

2. From Inconsistent Practices to Industry-Wide Standards 

3. From Reactive Inspection to Preventive Food Safety 

4. From Assumed Welfare to Verified Outcomes  
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Taken together, these shifts illustrate a consistent pattern: the industry advances when 

clear signals, aligned incentives, and shared accountability mechanisms are established 

across the value chain. The result is a system that delivers outcomes through collective 

action that overcomes fragmentation and competition. 

These historical paradigm shifts provide a roadmap for future progress. They demonstrate 

that when the industry aligns around a shared need, it can build the infrastructure, 

incentives, and feedback loops required to deliver system-wide progress. 

The U.S. beef industry has reached a pivotal moment. The pressures it now faces across 

environmental volatility, workforce instability, resource constraints, and tightening margins 

are not temporary disruptions. They are structural shifts that require a similar level of 

coordination, clarity, and commitment.  

 

MAINTAINING AND ADVANCING PROGRESS IN THE 21ST CENTURY  
Emerging 21st-century operating conditions differ fundamentally from those that shaped 

the industry’s current structure. 

While the industry continues to evolve, recent changes have largely been reactive to 

emerging pressures rather than aligned, system-wide redesigns. This results in 

compounding challenges, spanning poor forage growing conditions to workforce instability. 

Reactive action 20, or even 10, years from now will be unable to resolve many of the 

compounding disruptions and crises explored below. Maintaining current gains and enabling 

continuous improvement requires proactive action.  

The structural pressures facing the industry are already visible and intensifying. Despite 

being one of the most efficient beef producers globally, prolonged drought, floods and 

wildfires, volatile extreme weather, and high operating costs have contributed to declining 

herd size and the U.S. beef supply dropping to levels not seen since the 1950s.16 This 

increases the risk of lost market share and increased reliance on imports.  

It is also a trend likely to continue. The U.S. beef system is reliant on water-constrained 

geographies such as the Southern Plains where communities, feed, cattle, and increasingly, 

data centers17 (over)draw from the same limited resource base. For example, the High 

Plains Ogallala aquifer spans roughly 225,000 square miles across eight states. This region 

has produced one-fifth or $20 billion of U.S. agricultural output, but many areas lack 

sufficient water to supply the next 25 years.18 In Nebraska, where 90% of the state sits atop 

the Ogallala, 62% of measured wells in Nebraska recorded a decline in 2025.19 Much of 

Nebraska experienced some level of drought for most of the preceding six years.20 Drought 

is no longer an episodic disruption but a consistent and powerful force driving repeated 

cycles of herd liquidation. In May 2026, over 70% of the total beef herd was impacted by 
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drought,21 reducing near-term supply and long-term rebuilding capacity. Drought levels this 

early in the season have occurred less than 2% of the time in the history of the Drought 

Monitor.22 

Meanwhile, rangeland carrying capacity is expected to continue to decline. New Mexico 

statewide data collected from 1920 onward found livestock carrying capacity was 20% lower 

in the 1976–2017 period compared to 1920–1975.23 Shrub encroachment and climate 

change (more frequent heat and drought) have been primary drivers since the 1970s. In 

other areas, rangeland is lost to oil and gas development and pollution, urban development, 

and woody encroachment.  

 

Figure 5: Compounding environmental crises for the U.S. beef system    

 

CITATIONS (herd size one24 herd size 225). Ground water (wells26) (years27). Relief funds28 . 

herd in drought29. Randland carrying capacity30. intact grasslands31. Grassland loss 

annual32 wildfires length33 burn area 34, burn future35. Shade structure36, heat waves37. 

Hottest years 138 Hottest years 239 
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Shocks are also coming from smoke and heat. Wildfire risk and smoke damage to people 

and animals alike has increased as the wildfire season has expanded by 78 days since 

1970.40 Since 1984, the area that burns annually has doubled.41 Heat waves are now three 

times more frequent than ~60 years ago.42 Heat waves have created mass mortality events 

in feedlots, while heat stress reduces performance of both forage and livestock. Heat stress 

just prior to slaughter triggers muscle glycogen breakdown, causing meat to become pale, 

mushy, and prone to moisture loss. Meanwhile, prolonged, chronic heat stress and wildfire 

smoke stress reduces muscle glycogen reserves, producing lower quality dry, dark, and firm 

meat. Heat and smoke-driven oxidative damage that degrades the quality of the proteins 

also shortens meat shelf life and compromises food safety by making meat more 

susceptible to bacterial growth and spoilage.43 As these stressors accelerate, the costs in 

animal performance and meat quality losses can be expected to mount.  

Individually, each of these pressures might be manageable. Together, they trap the industry 

in compounding shocks. Feed supply disruptions, shrinking herds, water scarcity, and heat 

stress are no longer isolated, but increasingly occurring simultaneously. This convergence 

exposes a core structural weakness: the system has been optimized for efficiency under 

20th century conditions that included market swings, but not multiple, overlapping 

environmental and social disruptions at this level. As just one example, almost three billion 

dollars was approved for 2020 through 2025 as emergency relief payments to livestock 

producers suffering losses due to drought, wildfires, or flooding.44  

While these safety nets provide critical support, they are not a solution for safeguarding the 

beef value chain and the communities it operates in. As these pressures intensify, there is 

an urgent need for an aligned, industry-level response that addresses both their symptoms 

and root causes. 

Environmental pressures are directly reshaping the industry's economic and social 

foundations. As extreme weather increases, it amplifies existing structural weaknesses in 

labor, succession, and industry organization, turning long-standing challenges into more 

immediate and material risks. Previously manageable constraints are now being accelerated 

and compounded by shocks and stressors, tightening margins and reducing the industry’s 

ability to adapt. The result is an intersection of environmental and social pressures 

redefining how and where the industry can operate. This convergence shifts risk from 

isolated pressures to system-wide vulnerability and instability. 

The sector remains heavily dependent on aging, family-owned operations. The next 20 years 

will see a transfer of 70% of all U.S. farmland. This transition period is precarious, as family 

farms struggle to endure; just 30% make it to the second generation, while only 12% survive 

to the third.45 Succession is further strained by declines in rural infrastructure, rising 

operating costs, and new challenges such as skyrocketing farm and home insurance 

premiums, coverage rollbacks and even threats to the stability of the insurance industry 
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itself. As one example of the increasingly fragile ecosystem that supports agricultural 

stability, in 2024 the Farm Bureau Mutual Insurance Company of Arkansas had its balance 

sheet assessment moved down to fair and then down to adequate because of claims paid 

out after record May storms.46 Since 2021, insurers have canceled at least 1.4 million 

policies and at least 36 insurers in seven states have announced plans to pause writing new 

policies or exit state markets. Insurers attributed more than one in four rate hikes, 

cancellations, and halts on new business to extreme weather or climate disasters.47 

 

Figure 6: Compounding social crises in the U.S. beef system  

CITATIONS Age foreign worker48. (AGE owner49). Operations number50. succession51. First 

gen52. Turnover53 Ag workers foreign born54. Undocumented55 food desert56. Broadband57. 

hospitals58 

 

 

 

 

 

 

 

 

 

Within the beef value chain, downstream consolidation has delivered efficiency gains, but it 

has also introduced single points of failure and reduced system flexibility. A single plant 

closure affects entire regions. Consolidation can also magnify supply bottlenecks creating 

livestock backlogs and driving sharp increases in processing costs nationwide. For example, 

during ~2017–2020 the industry experienced tight processing capacity and high utilization 

as the national cattle herd peaked, and slaughter-ready supply exceeded available shackle 

space. In 2019, a fire closed a packing plant in Kansas that handled ~6% of national beef 

supply.59 Wholesale beef prices were trending downwards prior to the fire. Over the next two 

weeks, wholesale prices rose by ~10%.60 

Labor is an equally critical constraint: processing and feedlot operations rely on a workforce 

that is both policy sensitive and variable; 40% of meat and poultry workers are estimated to 

have immigrated to the United States.61 Especially vulnerable are laborers without legal 
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work authorization, estimated at 30-50% of meatpacking laborers.62 Despite rising 

packer/processor wage pressures, especially post-COVID, it’s not uncommon for 

meatpacking plants to rehire an entire workforce annually.63 

Compounding shocks and overall increases in input costs, including insurance, water and 

labor, are tightening margins across the system. While valuable, efficiency gains alone are 

limited in their ability to address the major social and environmental challenges confronting 

the system. These challenges may make future efficiency gains harder to achieve and more 

capital-intensive. 

Together, these trends point to a system under strain. Maintaining performance and 

delivering future resilience will require a new, coordinated paradigm shift addressing root-

cause crises alongside symptom treatment. 
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BUILDING ON EFFICIENCY TOWARD RESILIENCE   
Systemic innovation: Securing the beef value chain requires proactive action 

The exploration in the following sections is grounded in EDF’s U.S. beef dynamic systems 

analysis informed by extensive interviews across the U.S. beef sector. The intention is not a 

perfect solution, but a starting point for dialogue. 

The 4 paradigm shifts explored above clearly show that major and even rapid systemic 

changes are possible in the U.S. beef industry. Securing the beef value chain, and the 

livelihoods it provides, requires the courage to see the path ahead and take proactive steps. 

Successfully navigating these compounding crises requires proactive action because natural 

ecosystems are on 50 to 100+ year timelines, and communities are on 5 to 15-year 

timelines. At current use rates, much of the Ogolla Aquifer is expected to be drained within 

the century;64 a daunting reality that can be avoided by action today.65  

A shift to proactive action has international momentum with other beef-producing regions 

increasingly seeking to lead in resilience by leveraging system-level innovation. Australia, for 

example, has mobilized a coordinated, industry-wide effort to strengthen the long-term 

durability of production. The Australian beef industry has set a national roadmap and 

supported it with investment in producer tools, measurement, and research and 

development. The approach incorporates efforts that support adaptation, like improving 

pasture and soil performance in drought-prone systems, as well as mitigation, such as 

advancing cattle genetics, feed efficiency, and supporting emerging technologies like feed 

supplements.66 This effort is supported by national research bodies and the government, 

with a focus on maintaining competitiveness under increasing environmental constraints 

through proactive management.  

Australia has also recognized that capturing the full value of this shift depends not only on 

implementing these changes, but on how they are communicated and received by global 

markets, policymakers, and the public. As environmental and operational pressures 

intensify, clearly demonstrating progress, linking resilience-building actions to broader 

system stability, and signaling where additional support is needed are critical to maintaining 

competitiveness, building trust, and delivering outcomes.  

The U.S. beef industry also has a powerful opportunity to transparently share the social and 

environmental constraints it faces and coalesce support around the strong actions needed 

to respond. Moving forward, focusing on verified tracking of these operational headwinds 

and actions taken to address them is key to maintaining license to operate and managing 

risk. Proactive benchmarking of challenges as well as mitigation and adaptation measures 

being taken could support an understanding of high prices that reflect the true cost of 

managing climate disruptions and moving toward resilience in a challenging environment. 

Operational improvements should be deployed in parallel with transparent communication 
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that demonstrates how the sector is responding in the face of these headwinds to foster 

greater industry and neighboring community resilience. 

Supporting agricultural vitality by coupling resilience & mitigation measures 

Resilience requires shoring up the foundation that the beef value chain relies on: strong 

communities and labor pools, healthy natural ecosystems, resources and herds. This 

requires both adapting to, and mitigating against, record droughts, flooding, extreme 

weather and wildfires. It requires both improving physical capacities throughout the value 

chain and improving organizational and interpersonal capacity to work pre-competitively 

towards system-wide benefit. 

Resilience has become a widely used term. For the purposes of this report, resilience is 

defined as: The system's ability to withstand, adapt to, or transform in the face of complex 

disruptions, whether socioeconomic or biophysical. Agricultural vitality can be further 

strengthened and safeguarded when resilience is paired with emissions mitigation 

measures, which may reduce the severity of future disruptions by addressing root-cause 

drivers. 

 

Figure 7: Defining beef system resilience  

 

 

 

Maintain production by withstanding the higher input 
costs associated with supplementing additional feed 
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forage quantity and quality.
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Persisting amid disruptions
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animals to better withstand heat, or feed compositions 
with more drought-resistant feed crops.

Adapt
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disruptions to better manage 
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Collective resource management across groundwater 
basins to reduce water use, improve efficiency, and 
preserve the longevity of regional water resources to 
serve diverse needs.
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Anticipating and proactively 
managing disruptions by 
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operates

Reduce absolute emissions of the sector, including 
prioritizing short-lived greenhouse gases, such as 
methane, that influence near-term warming.
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drivers

          This can look like… 
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A resilience paradigm shift, strategic insights from 4 historic paradigm shifts 

The recommended approaches below are 21st-century versions of steps taken during the 

four major 20th-century paradigm shifts. History shows that they are achievable. The 20th-

century shifts made U.S. beef the most efficient in the world. 21st-century shifts can make it 

highly resilient by protecting physical assets (cattle and infrastructure), resources (water, 

land, soil, biodiversity), and people (owner/operators, labor, rural communities) – all of 

which are foundational to maintaining strong profits. By expanding the paradigm from a 

focus on increasing per-unit output to building system-wide resilience, the industry can 

address core drivers of instability. In doing so, it can better manage critical business risks 

and capitalize on new value creation opportunities.  

 

Figure 8: Strategic insights from past paradigm shifts 
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Exploring the strategies used to execute on 20th century paradigm shifts 

reveal strong opportunities for critical 21st century transformation 
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CALL TO ACTION 
The U.S. beef industry has reached a pivotal moment. The pressures it now faces from 

environmental volatility, workforce instability, resource constraints, and tightening margins, 

are not temporary disruptions. They are structural shifts that require a new level of 

preventative action and pre-competitive coordination. The industry has successfully 

navigated moments that called for a paradigm shift before. These past shifts show that 

when a shared risk is clearly defined and tied to long-term viability, competitors can align 

incentives and policies, invest, and act to strengthen the entire system.  

The sector has an opportunity today to couple resilience and mitigation efforts to strengthen 

and safeguard itself into the future by: 

• Securing value by shifting from reaction to prevention models. 

• Identifying the sometimes-invisible economic value that healthy social and 

environmental conditions enable and integrating them into decision-making. 

• Progressing pre-competitive collaborations that align around both resilience best 

practices and systemic priorities. 

• Establishing incentives and policies that secure the health of interconnected natural 

resources, producers, labor, and neighboring communities. 

• Leveraging practical, fit-for-purpose data and verification systems that support 

decision-making, create transparency that builds trust, and enable action. 

If designed intentionally, these shifts can evolve from tactical adaptations into the building 

blocks of a resilient system transformation.  

The path forward is not about replacing something which works; it is about sustaining and 

building on what works so that the industry can be successful through the emerging 21st 

century operating reality. This will require different management in the face of volatility and 

constraint. The sector has an opportunity to act now to establish a beef system that 

safeguards the quality and efficiency that past shifts have created and supports agricultural 

and rural vitality in the face of change, collectively reaping the benefits from the co-creation 

of a more resilient system. 
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METHODOLOGY 
This report is the result of a multidisciplinary and collaborative effort including sustainability 

and agriculture experts from Kearney; a dynamic systems mapping and modeling specialist 

from Pontifex Consulting; environmental and social justice specialists from Metropolitan 

Group; agricultural researchers from Colorado State University AgNext (CSU); a systems 

thinking expert from Dragonfly Systems, LLC; and Environmental Defense Fund.  

The dynamic systems mapping methodology employed is designed to uncover the structural 

forces driving complexity in the U.S. beef system, with a focus from feed processing through 

animal processing, excluding retailers and consumers, with the exception of downstream 

demand signals from these stakeholders. 

Kearney led and began this process by conducting an extensive review of the literature, that 

was complemented by an environmental justice-focused literature review by Metropolitan 

Group. To augment the literature reviews, both consultants conducted interviews with 

subject matter experts. The purpose of the interviews was to validate and refine 

interpretations of the literature and identify research gaps to improve the overall accuracy of 

the research. 

Findings from the literature reviews and interviews were used by Pontifex Consulting in a 

dynamic systems mapping process with the goal of creating maps and narratives that could 

be used to visualize how the system works, with a focus on feed production through animal 

processing. The mapping process results in a more holistic, realistic viewpoint of the beef 

system as a complex inter-dependent system composed of feedback loops, delays, and 

nonlinearities rather than a simplistic, linear supply chain. 

This systems approach supports uncovering root causes of system outcomes, identifying 

leverage points (specific places to intervene in a system) for change, and designing 

impactful intervention (specific actions that can be taken at a leverage point to create 

change) strategies toward a particular end, such as improving sustainability and social 

outcomes of the system. EDF defined that end by identifying core principles, values, and 

qualities around which the system could be structured to support desired outcomes. 

The system maps not only visualize the current system but support scenario exploration of 

strategic interventions. Maps were utilized for this exploration in strategic workshops and 

discussions, informing recommendations elevated through this report. This analysis is 

intended to help EDF and stakeholders across the value chain explore the implications of 

and opportunities offered by strategies that can support desired change.  

This report is a starting conversation and invitation to engage with EDF in systems thinking 

and leveraging the maps that underlie this report. 
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