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In this paper, we draw on microeconomic theory to show that farm animal enclosure
regulations can and have lead to increased farm-level concentration in affected industries
in the U.S. The desirability of this increased concentration is a function of modern
industry structures. Farm animal enclosure requirements can push traditional “short”
supply chains like eggs toward vertical integration. However, vertically integrated
systems (e.g., broiler chickens and hogs) may benefit from the induced farm-level
concentration by increasing bargaining power among contract farmers. In all systems,
the increased farm-level concentration induced by enclosure requirements may lead to
greater ability to solve future collective action problems like wastewater pollution and
antimicrobial resistance.
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1. INTRODUCTION

Concentration in the animal agricultural sector is a growing concern (Watson and Winfree, 2021).
Antitrust lawsuits finding and alleging anticompetitive behavior are becoming more frequent (Moss
and Alexander, 2020)!. In addition, the COVID-19 pandemic has raised serious concerns about
concentration in the food supply as it leads to few points of failure (Moss and Alexander, 2020).
Concentrating risk to few points of failure is problematic as any failures are more consequential
and disruptive to the market. Additionally, public concern for the well-being of animals being
raised for human consumption is also growing in the U.S. and abroad (Clark et al., 2017; Grethe,
2017). Legislation regulating the production practices of animal products is in place in several U.S.
states (e.g., California, Colorado, and Oregon) and is pending in many others (e.g., Arizona, Maine,
and New York). The main mechanism these legislative efforts employ to improve animal welfare is
prohibiting high-density animal housing production practices. Prohibiting this practice necessarily
raises the cost of production.

Legislative efforts and public calls for improving animal welfare advocate for industry adoption
of practices that are more costly than conventional livestock practices (Grethe, 2017). Voluntary
adoption of lower-density housing is only likely to occur if producers believe they can recover
the additional costs through higher price premiums from marketing their products as abiding
by improved animal welfare practices (Grethe, 2017). The fact that many producers fail to enact
these policies voluntarily reveals that producers do not believe they will be rewarded financially

!For example, broilers, tuna, pork, and beef industries are all currently defending antitrust litigation.
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by enhanced animal welfare practices. Achieving widespread
adoption of enhanced animal welfare practices requires
legislation to compel producers to comply rather than elect
voluntarily absent a financial incentive. However, mandating
enhanced animal welfare practices will increase costs to the
entire industry (Grethe, 2017). These higher costs may result
in farms exiting resulting a more concentrated agricultural
industry. A more highly concentrated industry raises concerns
over stability of the food supply chain and concentration can
facilitate anticompetitive behavior. That is, an industry made
up of fewer, larger firms is more susceptible to anticompetitive
conduct than a perfectly competitive industry with numerous,
small firms (U.S. Department of Justice, 2005).

In this paper, we draw on microeconomic theory to show
that farm animal enclosure regulations can and have lead to
increased farm-level concentration in industries targeted by these
regulations. The desirability of this increased concentration is a
function of modern industry structures. Farm animal enclosure
requirements can push traditional “short” supply chains like
eggs toward vertical integration. Eggs have a short supply chain
relative to other animal meat products like pork, beef, or
broiler chicken as eggs are primarily sold from producer to
retailer without a meat processing stage in between. However,
vertically integrated systems (e.g., broiler chickens and hogs)
may benefit from the induced farm-level concentration by
increasing bargaining power among contract farmers. In all
systems, the increased farm-level concentration induced by
enclosure requirements may lead to greater ability to solve
future collective action problems like wastewater pollution and
antimicrobial resistance.

Our analysis is structured as follows. Section 2 provides an
economic argument for why regulation, as opposed to laissez
faire incentives, are needed to solve the animal welfare problem.
It then summarizes the current state of farm animal welfare
regulation in the U.S. Section 3 explains how animal housing
standards lead to increased farm-level concentration. We then
test this result empirically based on outcomes in the California
and U.S. egg industry following the imposition of minimum
cage size requirements in January 2015. Section 4 explains how
the increased farm-level concentration induced by enclosure
requirements affect the sustainability of national food production
in light of modern supply structures. Section 5 concludes with
a discussion of actions policymakers can take if they deem
the increased concentration induced by farm animal housing
requirements unwanted.

2. STATE OF FARM ANIMAL WELFARE
REGULATION

Consumers are observed to value the treatment of animals that
are used in the production of animal products (Clark et al., 2017);
however, there is a significant gap between consumers stating
they value animal welfare and the actual purchases they make
(Paul et al., 2019). The decision on how production animals
are raised and treated is made by the producers. Producers will
generally adopt animal welfare-enhancing practices that improve

the economics of production. For example, hen houses are heated
for the comfort of animals which increases egg yield (Wang et al.,
2018). However, producers will generally not adopt (and may
resist strongly) animal welfare-enhancing practices that increase
cost of production (Grethe, 2017).

Consumers have some ability to influence producers through
the purchases they make. However, consumers’ ability to
influence the treatment of animals is generally limited to
choosing from available options in the marketplace or abstaining
entirely from food and clothing products derived from animals.
While there are instances where producers will adopt production
practices aimed to enhance the welfare of animals in hopes
of selling this product for a premium, this is an incomplete
approach to resolving animal welfare issues (Carter et al., 2021).
Generally, these products make up only a small portion of sales
and, therefore, most animals are then raised under conventional
practices rather than the enhanced practices (Carter et al,
2021). Further, consumers that care most about animal welfare
may be unwilling to accept the price premium because their
concern is not just for the animals that produce the products
they consume, but for all animals involved in the production
of food and clothing. This gap between concern for animal
welfare and absence of purchases consistent with that concern
is observed in the vote-buy gap (Paul et al., 2019). Consumers
will vote for legislation to require certain production practices
even though they do not purchase these options when given
the option. Furthermore, consumers that abstain from animal
products entirely due to their strong concern for animal welfare
have no ability to “vote with their wallet” to influence production
practices. Consequently, legislation and regulation plays an
important role in ensuring the well-being of animals used in the
production of food and clothing.

Current animal welfare legislative efforts focus on
confinement practices, access to outside areas, humane handling
at slaughter, transparency, legal protection of mistreated animals,
and ending the practice of concentrated animal feed operations
(Animal Agricultural Alliance, 2021). Several states have already
passed legislation mandating minimum requirements for
animal confinement®. Additional states are considering these
requirements, and states with existing legislation are considering
expanding the scope of animals covered under these protections
or increasing the minimum standards.

In the case of layer hens, the initial legislative efforts included
language that would require hens be raised in enclosures large
enough to allow them to fully extend their limbs. Later, this
language was revised to reflect that enclosures could be no smaller
than 144 square inches (929 square centimeters), an increase
form the conventional practice of 67 square inch enclosures.
Continuing efforts to enhance layer hen confinement standards
now focus on requiring cage-free production processes with at
least 324 square inches of floor space per hen.

It is important to note that many of the first legislative efforts
began as citizen-initiated ballot measures (Arizona Secretary
of State, 2006; UC Hastings Scholarship Repository, 2008;

2AZ, CA, CO, FL, KY, ME, MA, MI, OH, OR, RI, and WA have all adopted
minimum confinement standards of some kind.
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Michigan State University Animal and Legal Historical Center,
2021). These initiatives were introduced by concerned citizens
unsatisfied with the actions of their representatives. In the case
of California, the ballot proposition was worded in a such a
way that only in-state producer would be obligated to abide by
the minimum requirements (Sumner et al., 2010). This ballot
proposition attracted intense financial support and opposition.
Over $10 million was raised in support of the proposition, mainly
from the Humane Society of the U.S., and approximately $9
million was raised in opposition mainly from large egg producers
(Ballotpedia, 2021). After the proposition’s approval by voters,
the CA legislature then had to pass accompanying legislation
to ensure the requirements applied to all affected products sold
in the state (Carter et al., 2021). Later on, Colorado adopted
minimum confinement requirements through the legislature as a
way to head off what was seen as a more stringent ballot initiative
effort (Brown, 2020).

3. AW REGULATION AND INDUSTRY
CONCENTRATION

We present a model of an animal food product in Figure 1.
Figure 1A presents the long-run average cost curve of a single
producer. Economic theory suggests that, in the long-run, in a
market with free entry and exit, the market price will resolve
where the marginal cost of production equals the long-run
average cost, P = MC = LRAC. Under this condition, the
representative firm (in this case, a farm) operates at the minimum
efficient scale (MES) (Davies, 1987). We then consider the

introduction of an animal welfare regulation that has the effect of
raising the fixed cost of operating the firm®. After the imposition
of the animal welfare regulation, the firm’s minimum efficient
scale increases from MES to MES and output price increases
from P to P'.

Turning to Figure 1B, we present the market supply and
demand for this animal product. Under the assumption that
the representative firm operates producing quantity MES at a
price P, we indicate on the supply and demand diagram that
the equilibrium quantity produced by all firms together is Q.
The maximum number of firms that can operate in this industry
is given by the ratio of MES to industry supply, or N =
%. After the introduction of the animal welfare regulation,
our theoretical model indicates the industry will become more
concentrated for two reasons. First, the increase in fixed costs
prompts each individual firm to increase the quantity produced
which leads to larger firms, of which fewer will fit into the
existing market. Second, the increase in price, P to P/, leads to
a smaller equilibrium quantity traded in the whole market which
accommodates even fewer of the larger firms. In this setting, that
means the new equilibrium supports fewer, larger farms.

To confirm our theoretical results, we examine the California
hen housing regulations implemented in 2015. Beginning in
January 2015, a 2008 ballot proposition (Prop 2) and 2010
assembly bill (AB 1437) went into effect which increased the
minimum cage size for hens producing shell eggs from 67 sq.

3Here, we consider enhanced animal confinement regulations, but a variety of
animal welfare regulations could have the same impact to the economics of
producer operations.
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inches to 117 sq. inches (Carter et al., 2021). To determine
the degree of concentration in the egg industry and examine
the impacts of the regulation, we compute the four-firm
concentration ration (CR4) for California and the rest of the
U.S. The CR4 measures the share of the market served by the
four largest firms. We obtain data from WATT Poultry on the
largest 68 egg producers in the U.S. from 2014 to 2019. From this
information, we are able to identify the four largest egg producers
in California, and the four largest in the rest of the U.S. We then
plot the CR4 in California and CR4 in the rest of the U.S. from
2014 to 2019. As shown in Figure 2, prior to the policy taking
effect, the concentration ratio in California is similar to rest of the
U.S. at 34 and 24%, respectively. After the policy is implemented,
the CR4 in California doubles to 68%, while the concentration
ratio is relatively unchanged in the rest of the U.S. This result
continues through the end of our data.

4. SUPPLY CHAINS AND INDUSTRY
CONCENTRATION

Of course, for the four industries most affected by farm
animal enclosure requirements (eggs, dairy, broiler chicken,
and hogs), the shift in concentration induced by farm animal
enclosure requirements is not an abrupt transition away from the
“Jeffersonian Ideal” of a countryside speckled with small farms.
Rather, it is an acceleration of a steady march that has taken place
over the last two decades.

4.1. One Size Does Not Fit All in Livestock
Supply Chain Structure

Modern concentration patterns lie on a continuum within
the livestock sector. The egg industry, on one side of the
continuum, has a relatively low level of concentration—the top
four companies accounted for approximately 28.5% of industry
revenues in 2020 (IBISWorld, 2020). On the other side of the
continuum, the four biggest pork integrators (Smithfield, JBS,
Tyson, Cargill) account for 66 percent of America’s hog slaughter
(Willingham and Green, 2019). Similarly, the top three broiler
processors (Tyson, Pilgrim’s Pride, and Sanderson) account
for approximately half of nation’s chicken production (Alonzo,
2016). In the middle of the continuum, the top four dairy
cooperatives produce approximately 40% of dairy in the U.S.
(Shields, 2010). We note that the beef industry is even more
concentrated. The top four beef packers process 85% of all beef
(Hirtzer, 2020). However, farm animal enclosure requirements
(the subject of this article) are not relevant for beef cattle.
Current levels of concentration across different livestock
industries are primarily a function of supply chain structures and
economies of scale. Figure 3 presents a schematic representation
of the supply chains for the eggs, dairy, broiler chickens, and
hogs—the four industries most targeted by farm animal housing
requirements. The eggs industry has a relatively “short” supply
chain (Malone et al, 2020). The majority of egg producers
(A70%) sell directly to food retail locations almost exclusively
in the form of table eggs (Malone et al, 2020). Other egg
producers (*30%) sell liquid eggs for use in the food service

CA Hen Housing Regulations in Place

LLLLL

2014 2015 2016 2017 2018 2019
[ BN CA NN Restof US

CR4

FIGURE 2 | Egg industry concentration in CA vs. Rest of U.S. Source: Data on
number of layer hens in inventory for four largest firms from WATT Poultry. Data
on number of layer hens in inventory for CA and rest of U.S. from USDA NASS.

industry or dry eggs for use in processed foods (Malone et al.,
2020). Differential regulatory treatment under the Food and
Drug Administration Egg Safety Rules (21 CFR Part 118) impede
liquid and dry egg producers from selling into the retail market
(Malone et al., 2020).

The dairy supply chain is “longer” than the eggs supply chain
in the sense that individual dairy farms send their raw milk to
an intermediary dairy processor, which is typically cooperatively
owned by the individual farms (Smart Sense, 2018). The dairy
processor then converts the raw milk into pasteurized fluid
milk or other dairy products (e.g., cheese, yogurt, and whey).
The cooperative processor then markets the various outputs to
retail stores or (in bulk) to food service and food manufacturers
(Smart Sense, 2018).

In the U.S., the supply chains for broiler chickens and hogs
work very differently from dairy and eggs. Broiler chicken and
hog supply chains are “vertically integrated”—large processing
companies are responsible for almost all stages of production
from research and development into the breeding stock and
genetic base through to the processing and marketing of finished
meat and other animal products (Ward, 1997). Under this model,
processors contract with independent farmers who raise—but do
not own—the animals, which are then sent to the processing
plants once they are mature. Today, there are about 25,000
contract farms in the broiler chicken industry and 60,000 contract
farms in the swine industry (National Chicken Council, 2019;
Freese, 2020).

Under the vertically integrated business model, the pork and
hogs industries have seen astonishing productivity growth. For
example, the feed conversion ratio for broiler chicken decreased
from about 3.5 pounds of feed per pound of meat to about 2.7—a
23% increase in efficiency—between 1960 and 2016 (Mekonnen
et al,, 2019). Over the same period, the feed conversion ratio for
hogs went from 6 pounds of feed per pound of meat to about 4
pounds of feed per pound of meat—a 33% increase in efficiency
(Mekonnen et al., 2019). However, vertically integrated supply
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FIGURE 3 | Schematic representation of livestock supply chains.

chains have also been criticized for exploitation of contract
farmers (Leonard, 2014).

4.2. Pros and Cons of Increased

Farm-Level Concentration

Given the differences in supply structure among the eggs,
dairy, broiler chickens, and hogs industries, the impacts of
increased farm-level concentration induced by animal housing
requirements has very different impacts. Here we investigate
“short” supply chains (those without an intermediate processing
step), as well as “long” supply chains (those that include
one or more intermediate processing step between producer
and retailer).

4.2.1. “Short” Supply Chains

For “short” supply chain industries like eggs and dairy, where
existing concentration levels are relatively low, the increased
concentration can lead to supply chains less resilient to shocks,
push the industry in a direction more conducive to oligopsonistic
market power, and lead the industry in a direction more
conducive to the collusion currently at issue in many agriculture
anti-trust cases.

At the onset of the COVID-19 pandemic, the relationship
between industry concentration and resilience was clear and
obvious for the highly concentrated beef and hog industries
(Moss and Alexander, 2020). Employees of food manufacturing
facilities were deemed “essential workers” and were required
to resume in-person responsibilities amidst closure of other
businesses and shelter-at-home requirements. In early April
2020, global news began to highlight that beef and pork
processing facilities served as a hotbed for infection (Lussenhop,
2020). Workers in these industries faced the decision to go to
work and risk infection, or stay at home and risk unemployment.
For many, of course, the latter option meant food and housing
insecurity and increased uncertainties about immigration status

(Malone et al., 2021). Unsurprisingly, the public health impacts
were severe. Recent research suggests that, in total, meatpacking
plants contributed approximately 331,000 county-level COVID-
19 infections with a public health cost of more than $3.5 billion
between March and November 2020 (Saitone et al., 2021). The
poor resilience of beef and pork supply chains due to high
concentration also exacted a large economic toll. In April 2020,
closure of large pork packing plants due to disease outbreaks
led to a drop in national processing throughput of about 40%
(Lusk, 2020).

There were issues in other food supply chains due to COVID-
19 as well. Retail prices for eggs, for example, increased by
approximately 141% at the onset of the pandemic (Malone et al.,
2020). These price spikes lead to price gouging suits in several
states (Malone et al., 2020). However, because egg processing
was less concentrated, there were no widespread declines in
processing capacity. Egg supply issues were mostly resolved
within the first 2 months of the pandemic (Malone et al., 2020).

4.2.2. Vertically Integrated Supply Chains

Perhaps counterintuitively, in vertically integrated systems, the
increased concentration induced by farm-level animal enclosure
restrictions can serve as a pro-competitive mechanism. In these
systems, the lion’s share of industry profits flow to the large
processors (Smithfield, JBS, Tyson, and Cargill for pork and
Tyson’s, Pilgrim’s Pride, and Sanderson for broilers) who extract
both seller-power rents from consumers and buyer-power rents
from farmers (Saitone et al., 2015). As farms become larger as
a result of enclosure requirements, they undoubtedly increase
their bargaining power with these large intermediaries, thereby
leading to fairer terms for themselves and—over the medium-
to long-term—for other farmers. In other words, in a vertically
integrated system, farm animal housing regulations can serve
to counteract processor buyer power (monopsony power) and
increase profitability for contract farmers.
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4.2.3. Industry Concentration and Collective Action

In all types of supply chains, increased concentration may assist
in the future-proofing of food supply chains by helping to solve
other critical collective action problems. Several of the issues
most crucial to the ongoing sustainability of modern agriculture,
such as wastewater pollution and antimicrobial resistance, are
characterized in the economics literature as collective action
problems. These problems arise when society would be better
off if a group of individuals worked together to solve a problem.
However, the individuals in the group are disincentivized from
taking pro-active actions on their own. In the agricultural
context, firms are not incentivized to unilaterally limit the
use of antimicrobials or invest in best management practices
for wastewater because such actions increases costs without
increasing revenues. Further, the benefits to the firm (and society
atlarge) of a single firm taking such pro-active steps are miniscule
if the industry at large does not follow suit.

Increased industry concentration helps solve collective action
problems in two ways. First, because firms are larger, they are
more able to unilaterally internalize the consequences of their
own actions. For example, if a firm is able to effectively limit
the rate at which resistance to its antimicrobials spreads by
reducing their usage (as opposed to having no control over
AMR because the firm’s many competitors are over-using such
technologies, too), the firm will be more willing to limit usage
of antimicrobials. This will increase the firm’s costs in the short
run but preserve the efficacy of the treatments over the longer
run. As a second, and perhaps less esoteric, point, the fewer
the number of firms in an industry, the fewer actors needed
to coordinate to effectively solve a collective action problem.
Thus, by increasing concentration the policymaker also facilitates
industry engagement. We note that this is related to the logic
offered above that fewer firms also means more opportunity and
ability to engage in collusive activity.

5. CONCLUSION

This paper employs microeconomic theory to show how
regulations mandating farm animal enclosure requirements
can and have lead to increased farm-level concentration.
The consequences of this increased concentration can be
both negative and positive. These enclosure requirements
may shift traditional “short” supply chains like eggs toward
vertical integration. However, increased farm-level industry
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