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welfare effect could be positive or negative, but it is not
statistically significant at the 5% level.
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1 | INTRODUCTION

Antitrust laws play an important role in the United Sates and other countries, as they try to protect
consumers from being deprived of the benefits of competition. Section 2 of the Sherman Act (1890)
makes it illegal to monopolize or attempt to monopolize a market and prohibits conspiracies that
result in monopolization. Another important piece of federal legislation is the Clayton Act (1914),
which prohibits mergers and acquisitions if they “substantially lessen competition” or “tend to create
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a monopoly.” The antitrust laws are enforced in three ways: through the Antitrust Division of the
Department of Justice (DOJ), through the administrative procedure of the Federal Trade Commis-
sion (FTC), and through private proceedings (Pindyck & Rubinfeld, 2013). When firms want to pur-
sue a substantial merger, they must report it to the DOJ and the FT'C, which are responsible for
evaluating the likely effect of the merger and deciding whether to approve it.

In this article, we focus on a recent merger between two large poultry (broiler) companies: San-
derson Farms and Wayne Farms. On August 9, 2021, Cargill, Continental Grain Company (two
giants in the food and farming industry), and Sanderson Farms (No. 3 broiler company) announced
a joint venture between Cargill and Continental Grain Company that would acquire Sanderson
Farms. As a result of this acquisition, Wayne Farms (No. 7 broiler company), a subsidiary of Conti-
nental Grain Company, would be merged with Sanderson Farms to form a new, privately held poul-
try company, named Wayne-Sanderson Farms. After the merger, Sanderson Farms would cease to
exist as one of only three publicly traded broiler companies. After yearlong scrutiny by antitrust
agencies, the $4.5 billion acquisition was approved in 2022. The approval raised some eyebrows
about the potential effect of this merger on the competitiveness of the poultry industry, which, con-
temporaneously with this merger, has been plagued by an avalanche of collusion/price-fixing civil
and criminal litigation cases (see Sheng & Vukina 2024).

To evaluate the welfare effects of this merger, we focus on the downstream broiler meat market
and assume a Cournot oligopoly model with a competitive fringe to describe the broiler industry
market structure. The Cournot model is a standard framework for analyzing market power issues in
homogeneous goods industries, such as poultry, that have no well-established brand loyalties. The
introduction of the competitive fringe of price-taking firms breaks the strict relationship between
market shares and margins that characterize the standard Cournot model. The existence and the
uniqueness of a Nash-Cournot equilibrium for a Cournot oligopoly with a competitive fringe have
been established by Sherali et al. (1987). After empirical estimation of the demand and cost func-
tions, we use merger simulation to predict how the merger between the two companies affects the
market equilibrium.

An important characteristic of the poultry industry is that even though the biggest poultry com-
panies have a much larger market share than others—each of the 10 largest poultry companies has a
market share greater than 3%—the combined share of the remaining companies is not trivial either.
Outside the top 10 broiler companies, the combined market share of other companies in 2021 was
21.19% (see Table 1). Fellner (1949) described this type of market structure as a “partial” oligopoly
since the existence of a sizable competitive fringe has a significant influence on the equilibrium.
Soyster and Sherali (1981) pointed to the copper industry as a good example of an oligopoly with a
competitive fringe, where the leading 14 copper companies control 80% of the market, and the com-
petitive fringe controls the remaining 20% market share. The broiler industry fits into this mold
quite well.

The literature on the merger effects on the Cournot-Nash equilibrium is substantial. Salant et al.
(1983) showed that in a static Cournot model, exogenous horizontal mergers are not beneficial for
the merged firms unless their market share is greater than 80%. Farrell and Shapiro (1990) provided
a comprehensive theoretical basis for the merger simulation with the Cournot model. They pointed
out that under the framework of the standard Cournot model, a merger without cost synergies will
cause the price to rise. They provided sufficient and necessary conditions under which profitable
mergers will decrease price (ie., the cost synergies dominate) and increase social welfare. Vergé
(2010) extended Farrell and Shapiro (1990) by showing that as long as there are no synergies, con-
sumers are unlikely to benefit from mergers, even in the existence of the appropriate structural reme-
dies required by authorities. Some notable extensions of the standard Cournot model include
Davidson and Mukherjee (2007), who considered a Cournot model with free entry and found that
with only moderate cost synergies, mergers of a small number of firms could be beneficial to both
the merged firms and society. Rouskas (2023) analyzed a dynamic Cournot model and showed that
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TABLE 1 The 32 largest broiler companies in 2021.

Company RTC Live weight Share Number of plants
Tyson Foods 200.10 228.70 19.99% 120
Pilgrim’s Pride Corp. 163.55 181.12 15.83% 82
Sanderson Farms, Inc. 94.55 101.90 8.91% 33
Perdue Farms, Inc. 62.30 75.07 6.56% 40
Koch Foods, Inc. 60.74 7231 6.32% 24
Mountaire Farms, Inc. 65.56 72.08 6.30% 14
Wayne Farms, LLC 50.30 56.10 4.90% 26
Peco Foods 33.90 43.10 3.77% 17
George’s Inc. 31.20 35.94 3.14% 19
House of Raeford Farms 29.20 35.20 3.08% 16
Foster Farms 23.00 33.11 2.89% 21
Amick Farms LLC 25.00 28.00 2.45% 9
Simmons Foods Inc. 22.10 26.20 2.29% 10
Case Foods Inc. 20.70 23.87 2.09% 12
Fieldale Farms 15.80 19.80 1.73% 8
Mar-Jac Poultry 15.88 19.12 1.67% 12
OK Foods Inc. 15.50 14.40 1.26% 8
Lincoln Premium Poultry 9.60 12.00 1.05% 3
Claxton Poultry Farms 8.73 10.69 0.93% 5
Farmer’s Pride Inc. 5.40 7.80 0.68% 3
Allen Harim Foods 7.00 7.60 0.66% 6
Harrison Poultry Inc. 5.60 6.17 0.54% 3
Miller Poultry 3.47 4.46 0.39% 4
Golden-Rod Broilers Inc. 3.49 441 0.39% 5
Empire Kosher Poultry Inc. 1.85 3.70 0.32% 4
Holmes Foods 2.70 3.20 0.28% 5
Gerber’s Poultry 2.00 2.80 0.24% 3
FreeBird Chicken 2.29 2.38 0.21% 1
Shenandoah Valley 1.60 2.00 0.17% 1
Murray’s Chicken 0.83 1.30 0.11% 2
Jamaica Broilers 1.05 1.25 0.11% 6
Agri Star Meat & Poultry 0.27 1.03 0.09% 1
Total 985.26 1136.81 99.37% 523

Note: Ready-to-cook (RTC) and live-weight quantities are in millions of pounds per week. Plants include slaughter and further processing
plants, hatcheries, and feed mills. The market share is based on live weight.

exogenous horizontal mergers with a small number of firms can be profitable even if the initial num-
ber of firms is quite large.

Empirical studies of merger simulations with a Cournot model or its variants in different indus-
tries are plentiful. Lundmark and Nilsson (2003) and Warell and Lundmark (2008) analyzed the
price and welfare effects of mergers in the iron ore industry. They assumed a standard Cournot
model with a linear demand and quadratic cost. They calibrated the model by fitting it to the pre-
merger market shares and the price elasticity of market demand obtained from previous studies.
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They found that the welfare effect of these mergers was negative, which did not support the
European Commission’s decisions to approve them. Greenfield et al. (2015) utilized a Cournot
model with a competitive fringe to predict the price effect of Tesoro’s 2013 acquisition of British
Petroleum’s refinery in Los Angeles. They also assumed a linear demand and a quadratic cost func-
tion, and they used calibration to obtain the required parameters. Brown and Eckert (2018) devel-
oped a Cournot model of Alberta’s wholesale electricity market incorporating firms’ forward
positions. When applying merger simulation, they used a combination of calibration and estimation
to approximate the demand and cost functions.

Using two public data sources—the U.S. Department of Agriculture’s weekly and monthly
reports on poultry markets and the WATT Poultry USA broiler industry annual surveys—our simu-
lation results suggest that the merger between Sanderson Farms (No. 3) and Wayne Farms (No. 7)
will benefit suppliers at the cost of consumers, and the magnitude of the impact is sensitive to the
size of the oligopoly. However, the net welfare effect is not significant at the 5% level. Finally, based
on Nocke and Whinston (2022), we propose a concentration-based threshold applicable to the
model of a Cournot oligopoly with a competitive fringe, which can determine whether a merger will
harm consumers solely relying on pre-merger information. The insight from the concentration-
based threshold is consistent with our merger simulation results.

Most existing literature in the field deals with mergers in industries characterized by differenti-
ated products where price competition, that is, Bertrand-type oligopoly models, is better suited for
modeling the industry structure and conduct. Only a few studies (e.g., Brown & Eckert, 2018;
Greenfield et al.,, 2015; Lundmark & Nilsson, 2003) apply merger simulation techniques to study
horizontal mergers in homogeneous product markets. None of them, however, study mergers in the
broiler industry, even though there have been a substantial number of those over the years. In addi-
tion to being the first study that applies merger simulation techniques to the broiler industry, our
work contributes to the literature in three important ways. First, we model the industry as a Cournot
game with a competitive fringe. Considering that only 32 broiler companies control almost the entire
market and the top seven companies control 69%, with each one of them directing more than 5%
market share, it would be difficult to argue that the industry is perfectly competitive. However, from
a game-theoretic point of view, claiming that all 32 firms are strategic competitors also does not
make too much sense; hence, a natural choice becomes a Cournot with competitive fringe model.
The problem with implementing such a model in merger simulations is that the cutoff between stra-
tegic and competitive firms is not directly observable. Our second contribution is an empirical test
designed to select the preferred model among candidate models, providing a robust framework for
dealing with this issue. Our final contribution is the modification of the Nocke-Whinston
concentration-based threshold criterion for horizontal mergers in the pure Cournot model into one
that fits the Cournot with competitive fringe model. Considering these contributions, we believe that
our study blends methodological innovation and empirical relevance, contributing to broader litera-
ture beyond its specific focus on the broiler industry.

2 | BACKGROUND

The U.S. broiler industry is a prime example of industrialized agriculture. The industry has devel-
oped as a vertically integrated chain relying on contract production with independent farmers as a
dominant mode of organization. Broiler companies, sometimes referred to as integrators, control all
stages of live production (breeder hens, hatching eggs, broilers), as well as processing and marketing,
except for genetics (primary breeding). Contracting and vertical integration gave the industry greater
control of product volume and quality, which proved to be critical for meeting the needs of large
food service companies and supermarket retail chains.

From an upstream perspective, the broiler industry is regionally segmented due to the logistical con-
straints of growing live birds. Live birds are highly sensitive to transportation, with long-distance travel
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leading to increased mortality and weight loss. As a result, firms can exert significant market power over
contract growers in localized markets, as these growers are geographically bound to the firm’s nearby
processing plants. Analyzing the consequences of this horizontal merger on the upstream market for con-
tract grower services is another project that would require data on exact locations of contract farms and
processing plants. Drawing circles around processing plants would define feasible contracting regions. To
the extent that the intersection of two merged companies’ feasible circles contains both companies’
growers, the proposed merger would eliminate competition in that region because instead of two, the
growers would now have only one company to contract with. On the other hand, the downstream mar-
ket for broiler meat operates on the national and even international scale. Unlike live birds, packaged
broiler meat can be transported over large distances without significant degradation in quality or weight.
For this reason, poultry companies centralize their sales and marketing strategies at the corporate level,
ensuring efficient coordination of product distribution across a wide geographic area.

While the presence of significant economies of scale in processing favored large companies, the
substantially smaller economies of scale in live production had the opposite effect such that, overall,
the industry is not highly concentrated. Of course, some companies are larger than others, but still
many firms actively compete in the broiler market and no single firm dominates. As seen in Table 1,
the total market share based on the live weight of the 32 largest broiler companies in 2021 was 99.37%,
and the largest company, Tyson, controlled less than 20% of the market. Given that only 32 broiler
companies control the entire market, with the top seven firms holding 69% of the market share (each
with more than 5%), it is clear that the industry is far from perfectly competitive. However, from a
game-theoretic perspective, treating all 32 firms as strategic competitors also seems unrealistic. There-
fore, a more appropriate framework for this market is a Cournot model with a competitive fringe,
where the largest firms engage in strategic behavior while smaller firms act as price takers.

The landscape of the broiler industry was, for quite some time, described by a few large publicly
traded companies and a group of sizable private firms (Sheng & Vukina, 2024). Between 2000 and
2020, the broiler industry concentration gradually increased. The aggregate market share of the top
four broiler companies (CR4 ratio) increased from 43% to 52%, with a peak of 59% in 2006. For
comparison purposes, the Herfindahl-Hirschman Index (HHI) computed based on the 50 largest
broiler companies and older data was 1195 in 2013, slightly up from 1103 in 1997, with a peak value
of 1442 in 2006. During the first decade of the century, the broiler sector was characterized by a sig-
nificant number of bankruptcies and intense merger and acquisition activity. The meltdown of the
financial sector, coupled with high corn prices, were the main culprits. For the most part, larger
firms acquired smaller counterparts, except for Gold Kist, which was No. 3 when it was acquired by
Pilgrim’s Pride, which was then No. 2. The Pilgrim’s Pride case is interesting: after a series of aggres-
sive acquisitions (Wampler Foods Inc. in 2001, ConAgra Poultry Co. in 2003, and Gold Kist in
2006), Pilgrim’s Pride filed for Chapter 11 bankruptcy protection on December 1, 2008, but success-
fully emerged from it a year later after 64% of its stake was acquired by the Brazilian meat conglom-
erate JBS S.A. (for details, see Vukina and Zheng, 2015).

Even after this wave of mergers and acquisitions, the broiler industry remained less concentrated
than the rest of the U.S. meat complex. The comparison with beef and pork industries based on the
last available data for 2007 illustrates this point. The CR4 of beef packers was 83.5% and 66% for
pork packers, compared to 59.5% for broiler producers (Hendrickson & Heffernan, 2007).

During the decade prior to the merger of Sanderson and Wayne, the industry concentration
actually decreased. Based on companies’ shares in 2021 (see Table 1), the pre-merger HHI stood at
945.14, the post-merger HHI was 1032.50, and the change in HHI was 87.36." The CR4 in 2021 was
51.03%, also much lower than at its peak in 2006. These indices need to be put in context with Hori-
zontal Merger Guidelines issued by the DOJ and the FTC.

"Because the HHI is computed as the sum of the squared percent shares of each firm, not having all firms in the industry is a problem. The
above HHI is computed by ignoring the remainder of the 0.63% market share of very small companies. Alternatively, if we assume that the
residual market share of 0.63% belongs to another fictitious firm, then the pre-merger HHI is 945.77, the post-merger HHI is 1033.13, and the
change in HHI is 87.36—a negligible difference compared to the previous assumption.
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In its earliest version, the 1968 Guidelines was built on a presumption that horizontal mergers
that increase market concentration are inherently likely to lessen competition and reduce welfare
(Shapiro, 2010). The approach to horizontal mergers was focused entirely on preventing industry
concentration, and the thresholds were significantly more stringent than today. Interestingly enough,
because the CR4 in 2021 was 51.03% (less than the threshold of 75%), less stringent anticompetitive
presumptions applied, but given the acquiring firm’s (Sanderson) share was 8.91% and the acquired
firm’s (Wayne) share was 4.9%, at that point in time, the merger might have been blocked (see
Nocke & Whinston, 2022, fig. 1).

Following this tradition, the 1982 Guidelines introduced the HHI as a measure of market concen-
tration and set enforcement thresholds based on the absolute value of post-merger HHI and the
change in HHI following the merger (Shapiro, 2010). A rule of thumb is that the greater the post-
merger HHI and the larger the change in HHI, the more likely it is that a merger will be challenged. If
the post-merger HHI is less than 1500 or the change in HHI is less than 100, a merger will fall into the
safe zone, which means that it is unlikely to be challenged. If the post-merger HHI is between 1500
and 2500 or the change in HHI is between 100 and 200, a merger is “likely” to be challenged. Finally,
for a merger with HHI larger than 2500 and change in HHI larger than 200, it is “more likely than
not” that a merger will be challenged.” Hence, based on the 1982 Guidelines, the Sanderson-Wayne
merger clearly falls into the safe zone, indicating it was unlikely to be challenged.

Even though the 2010 Guidelines started to place less weight on market concentration-based evi-
dence, the concept still plays a vital role in merger analysis. The theoretical basis for utilizing market
concentration-based evidence has been widely discussed in the literature. Farrell and Shapiro (1990)
pointed out there is no simple and unambiguous relationship between changes in HHI and changes in
economic welfare. Specifically, with significant cost synergies, a merger that increases HHI can also
increase welfare by replacing the less efficient way of production with a more efficient one. On the other
hand, Nocke and Whinston (2022) argued that relying solely on the change in market concentration to
analyze the unilateral price effect is theoretically and empirical meaningful for certain types of market
structures (e.g., standard Cournot model with a constant marginal cost), and it is especially useful during
the initial screening stage when there is not much information regarding margins and cost synergies.

Despite the low pre-merger HHI and the low post-merger increment in the HHI, the approval of
this merger is still somewhat puzzling. In July 2022, the DOJ filed a civil complaint against Cargill,
Sanderson Farms, and Wayne Farms, claiming that the processors “artificially suppressed compensa-
tion” and “deprived a generation of poultry-processing-plant workers of fair pay set in a free and
competitive labor market” (Brown, 2023).> On the same day that the DOJ filed its civil lawsuit, it
also filed a proposed final judgment in which the companies agreed to pay $85 million in restitution
to their workers. The consent decree stipulated that, among other things, the defendants must coop-
erate with any further investigation or litigation related to information-sharing agreements regarding
workers’ pay. In statements, Cargill and Wayne-Sanderson Farms each said they disputed the DOJ’s
allegations and had admitted no wrongdoing. The same week, a $4.5 billion merger was completed.
The restitution payments were equivalent to 1.9% of the merger deal. The new entity now controls
roughly 14% of the poultry industry.

3 | MODELING APPROACH
3.1 | Theoretical model

Consider a two-stage game with an oligopoly consisting of N” strategic firms and a competitive
fringe consisting of N° price takers, where all firms produce a homogeneous product with an inverse

%A figure illustrating the rules mentioned above can be found in Appendix A in the online supplementary appendix.
*The complaint also referenced 18 unnamed poultry-processor co-conspirators.
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demand curve P(Q). The oligopoly decides its output first by considering the response of the com-
petitive fringe. After observing the oligopoly’s choice, price-taking firms choose the output that
equalizes marginal cost and market price. We also assume that (i) P'(Q) < 0; (i) P'(Q) + QP"(Q) < 0;
and (iii) all firms have a linear marginal cost functlon

We deﬁne Q=Q°+Q", where Q°= Z = 1ql is the output supplied by all price-taking firms and
Q=" ]_1q] is the output supplied by all strategic firms. The model can be solved by backward
induction. Starting with the second stage, the profit-maximization condition for a price-taking firm,
indexed by [, can be written as

P(Q’+ql+2q,~> = MC(q,), (1)

i#l

where 1€ {1,2,...,N}. By solving the first-order condition, the optimal choice g; can be written as
4; =q;(Q'), and the optimal output of the competitive fringe is Q% = 31 ¢/ (Q") = Q*(Q).

Then, in the first stage, strategic firms, indexed by j, expect that Q“ = Q“(Q") and choose quan-
tity g; to maximize its own profit function:

_P<QC* +qj+2q,-> 9-Ci(g). )

i#j
where j € {1,2,...,N"}. The corresponding first-order condition is

] JdP
74 P+a q] MC; (q]>—0 (3)

where 2 (9 is the marginal effect of firm j’s output on market price. Because < (9 in Equation (3) is not
observabie, it needs to be manipulated to obtain the following result:

w_iviq
dq; JQ dg;
NY
_ dP ‘9(2]‘:1%) (4)
Q q;
ap

=20

Equation (4) implies that the marginal effect of each strategic firm’s supply on the market price
is exactly the same, and equal to the marginal effect of all the strategic firms’ supply on the market
price.

Substituting Equation (4) into Equation (3) obtains

(Z:P+j§qj e (qj)
)
pe PO i) 7

=0.
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Q' represents the derived or residual demand function faced by the oligopolists, obtained after
subtracting the quantity supplied by the competitive fringe from the total demand. If we define
€= % % as the price elasticity of residual demand, and s7 = as the market share of strategic firm

j in the total market share of all strategic firms, the first-order condition (5) can be rewritten as

PMe(s) ¢ o

P €’

Equation (6), known as the Lerner index, implies that strategic companies with larger market
shares have lower marginal costs. With the knowledge of the market demand function, solving the
system of N equations in (1) and N” equations in (3), one obtains the equilibrium price and quanti-
ties. Our initially stated assumptions (i), (ii), and (iii) are sufficient to guarantee the existence of a
unique Cournot-Nash with competitive fringe equilibrium.*

The presence of a competitive fringe changes the nature of the market equilibrium. A simple way
to illustrate the point is to consider a case of N” symmetric oligopolists with a competitive fringe.
The marginal cost function for each oligopolist is g /K°, and the aggregate marginal cost function
for competitive fringe is Q°/K*, where K° and K° are parameters measuring firms’ capital stock.
Assume a linear inverse demand function P=a—bQ, (a,b>0). The equilibrium price in the stan-
dard Cournot model is P; = (lff,liiub}’*“ With the presence of a competitive fringe, the corresponding
residual demand function faced by oligopolists is P =A — BQ™, where A == and B= #. Since
A<a, B<b, and 4 =9, the residual demand curve is lower and flatter than the total demand curve,
but they have the same intercept on the quantity axis. In other words, the residual demand curve is
more elastic than the total demand curve. Because the equilibrium price in the case of N” symmetric
oligopolists with a competitive fringe equals P, = m‘%ﬁ%, it is easy to show that P; > P,, and the
existence of a competitive fringe reduces the market power of the oligopolists and leads to a lower
equilibrium price. The intuition behind this result is that whenever the oligopolists want to set a
higher price by producing less, the competitive fringe is always willing to supply some extra quantity
at that price, which ultimately leads to a lower price overall.

3.2 | Empirical model

Conducting merger simulation requires knowledge of the market demand function and marginal
costs of each firm (Davis & Garcés, 2009). We consider the following linear inverse demand function
for broiler meat:

Py =by+b,Q, + byPork; + b3 D,y + bat + bst? + e4y, (7)

where P; and Q; are the price and quantity for broiler meat, Pork; is the price for pork, one of the

main substitutes for chicken, D,, is a vector of monthly dummy variables, and ¢ and * capture

the quadratic time trend. Following Schroeter (1988) and Zheng and Vukina (2009), we assume that

es has a mean of zero, and it follows an AR (1) process.” For the linear inverse demand function,
:/h% % is an estimator of the price elasticity of demand for broiler meat.

1

*The proof is based on Sherali et al. (1987), who showed that if the residual demand function faced by the oligopolists satisfies (iv) P'(Q") <0,
(v) Q"P(Q") is concave in Q", and (vi) the oligopolists’s cost functions are convex and continuously differentiable, then there exists a unique
Nash equilibrium for the Cournot model with a competitive fringe. Since a linear marginal cost function (iii) automatically satisfies the
convexity (vi), it remains to be proven that (iv) and (v) are also satisfied given (i), (ii), and (iii). The formal proof of this result involves a rather
long and tedious yet straightforward algebra, and it is available from the authors upon request.

*We also estimated the demand function by assuming an AR (2), AR (3), or AR (4) error term, and the results are basically the same.
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Next, we need to retrieve information about the supply side by assuming a specific cost structure
for each firm. Following Lundmark and Nilsson (2003) and Gandhi et al. (2008), we propose to
model the marginal cost as a linear function of quantity:

MC, :%+ci, (8)

where ¢; is the lower bound of the marginal cost and k; is a measure of each firm’s capital stock.® In
the context of the broiler industry, it is easy to think about k; as the number of processing plants
operated by each firm. When firm i is merged with firm j, the new firm will own all the plants origi-
nally owned by the merging firms. Hence, the marginal cost function for the new firm (denoted by
m) can be written as

dm
MC,, =
ki +kj

+ min{ci,cj}. (9)

The cost synergies from the merger arise from the possibility that the merged firm could produce
the same output at a lower cost than any of the merging firms. The source of cost synergies could be
the reduction in transportation cost caused by proximity to more markets for finished products or
the reduction in overhead cost obtained by merging certain functions of individual production divi-
sions. Another source of cost synergies is shifting products from less efficient plants to more efficient
ones (perhaps with the closure of some inefficient plants).

Substituting Equation (8) into Equation (1) and summing over /, we obtain

N
Q= (Z k1> P=KP+C, (10)
I=1

where K¢ = Zglkl and C= —Zf\;kici. The supply function for the competitive fringe (10) implies
that the price elasticity of supply of the competitive fringe (denoted as 7°) should be equal to 1.
We can estimate K¢ and C by proposing the following empirical model:

Qf:KCP[+C+est, (11)

where we assume that E(ey) =0, and it follows an AR (1) process. Since C= —Ef\zlkici and ¢ is
non-negative by nature, C should be non-positive. Hence, we impose the restriction C <0 when esti-
mating (11).

Finally, we need to estimate the first-order conditions for each strategic firm. Substituting
Equation (8) into (6), we obtain

w: _i_ﬂ:_i (12)
P Pki P €’

It can be shown that €” satisfies the following theoretical relationship:

€S +nS =¢, (13)

®Another popular assumption is a constant marginal cost function up to a certain production capacity.
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where §" and §° are the shares of all strategic firms and all price-taking firms in the industry total
output and all elasticities are previously defined.”
Substituting Equation (13) into (12) yields

4GS
Pk P Se
S
e (14)
4
eQ—Qf

which after some algebra gives the expression for the optimal output of the strategic firm j:

qA

As € can be estimated from the demand function and #° = 1, the right-hand side of Equation (15)
is linear in k;. Hence, we can estimate k; by proposing the following empirical model:

9y = kiZjt + Fj + ejt (16)

where Zj; = (1 —I—AQ%" ) P; and Fj = —cjk; <0. We also assume that E(ejt) =0 and that it follows an
€Q =
AR (1) process. Since F; is a non-positive constant term, we need to regress a constrained model

when estimating (16).

4 | ESTIMATION RESULTS

In the empirical part of the article, we rely on the following data sources. Monthly national ready-
to-cook (RTC) broiler quantity data from 2000 to 2021 are obtained from the United States Depart-
ment of Agriculture (USDA) Poultry Slaughter Annual Summary, which contains state and
U.S. totals of the number of heads and live weight of chickens, turkeys, ducks, and other poultry
slaughtered under federal inspection. The data we use are the chilled and frozen pounds of certified
young chickens slaughtered under federal inspection.® Weekly national RTC broiler wholesale prices
are collected from Weekly Composite Weighted Average Prices for RTC Broiler/Fryers Reports
(2000-2012) and Weekly National Whole Broiler/Fryer Reports (2013-2021). We transfer the
weekly data to monthly data by calculating the monthly average price.

The annual firm-level quantity data from 2000 to 2021 are obtained from the WATT Poultry
USA annual surveys of the top U.S. broiler companies. For the purpose of estimation, we need to
transfer the annual data to monthly data. We assume that firm shares are stable during any given
year and then compute the monthly firm-level RTC quantities by multiplying the monthly national
RTC broiler quantities by the annual market share of each firm.”

"The interested reader can find the proof in Appendix B in the online supplementary appendix.

®In fact, for the data in 2000, we did not find the corresponding annual summary. Instead, we get the data from the USDA Poultry Slaughter
Monthly Report.

“The WATT Poultry USA annual surveys contain quantity data for both total live weight and RTC weight. For consistency purposes, we should
have used the RTC weight to calculate the market share for each firm. However, the sum of market share measured by RTC weight is greater
than 1, which is caused by the conversion rate between live weight and RTC weight. In fact, in our other research in the poultry industry over
the years, we have tried to resolve this issue with the publisher of the survey results, but we could not get a satisfactory answer. The
discrepancies are so small that they cannot possibly produce any difference in the obtained results. Hence, we use total live weight to calculate
the market share for each firm.
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TABLE 2 Data summary statistics.

Variable Definition Mean Std. dev. Min Max

P, (cents per pound) Broiler price 79.68 16.35 34.57 124.39
Q; (million pounds) Broiler quantity 3130.30 379.91 2322.17 4100.15
Pork; (cents per pound) Pork price 138.61 27.21 91.18 241.36
SoybeanMeal, (dollars per short ton) Soybean meal price 299.58 99.95 153.11 564.91
Corny (cents per bushel) Corn price 364.66 144.37 152 763
Number of observations 264

Monthly pork wholesale prices from 2000 to 2021 come from the USDA Meat Price Spreads data
set, and monthly corn prices during the same period come from the USDA Quick Stats database.
We use the daily cash close price for the Chicago Board of Trade (CBOT) soybean meal futures con-
tracts as the price for soybean meal and calculate its monthly average.'’ Table 2 presents summary
statistics for all important variables.

In what follows, we present the estimation results for the inverse demand function (Equation 7),
the supply function of the competitive fringe (Equation 11), and the first-order condition for each
strategic firm (Equation 16). Following Zheng and Vukina (2009), we estimate each equation sepa-
rately using a limited information method, which avoids the misspecification of one equation being
propagated throughout the whole system.

As the quantity variable Q, in Equation (7) is endogenous, we need to find proper instruments.
In the demand function estimation, we use instruments that directly affect the supply side of the
market but do not have any direct impact on demand. Typically, supply shifters like feed prices are
good candidates.'" Since chickens sold as “broiler-fryers” are about 7weeks old when they
are slaughtered, the feed price used as an instrument for Q, is lagged 2 months (Feed; ,)."> Supply
shifters influence the cost structure of producers, thereby affecting the quantity supplied and there-
fore prices in equilibrium. However, these variables do not have any direct impact on the preferences
or purchasing behavior of consumers. Therefore, under the assumption that these supply shifters
only affect the demand equation indirectly through their influence on equilibrium prices and quanti-
ties (the endogenous variables), the exclusion restriction is valid. The instruments are exogenous
because they do not directly enter the demand function’s error term, meaning they are uncorrelated
with unobserved factors that affect demand.

Since the error term ez follows AR (1) and could be heteroskedastic, we choose a heteroskedastic
and autocorrelation-consistent (HAC) standard error estimator. All the models (Equations 7, 11,
and 16) are estimated by the two-step optimal generalized method of moments (GMM) method."
The inverse demand function is estimated with the entire data set spanning the period from 2000 to
2021. The estimation results are in Table 3.

The reliability of the results depends on the quality of the instruments, so we run both under-
identification and weak-identification tests for the instrumental variables. The under-identification
test is a Lagrange multiplier (LM) test of whether instruments are correlated with the endogenous
variables. Under the null hypothesis, instruments are uncorrelated with the endogenous regressors,
and the corresponding statistic is distributed as a chi-square with (L; —K; +1) degrees of freedom,

'“The price data for soybean meal are available at Barchart.com.

"'See chapter 16 of Introductory econometrics by Jeffrey M. Wooldridge (2007) for more details.

'We approximate the broiler feed price with the weighted average of 70% corn and 30% soybean meal price (see Landes et al. 2004).

GMM is widely used for estimating parameters of statistical models in situations where the classical assumptions (like homoskedasticity or
normality of errors) do not hold. The optimal two-step GMM is an extension of the basic GMM and is preferred due to its efficiency gains. In
the first step, the model parameters are estimated with an initial weighting matrix (identity matrix). In the second step, these estimates are
refined using an optimal matrix, typically the inverse of the first step’s covariance matrix (see Zsohar 2012).
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TABLE 3 Estimation results for the linear inverse demand function.

Variable Coefficient Standard error
Q; —0.053** 0.024

Pork; 0.16%** 0.044

t 0.52 kK 0.090

t? —0.00063*** 0.00020
Constant 164.75%** 62.69

Monthly dummies included but not reported December dropped

Kleibergen-Paap rk LM statistic 13.32

Kleibergen-Paap rk Wald F statistic 2226

Note: *, **, and *** mean coefficients are significant at the 10%, 5%, and 1% significance level, respectively.

where L; is the number of instrumental variables and K; is the number of endogenous variables.
The Kleibergen-Paap rk LM statistic is often used for under-identification tests, especially when the
independent and identically distributed (i.i.d.) assumption for the error term is dropped. For the lin-
ear inverse demand function, the value of the Kleibergen-Paap rk LM statistic is much larger than
the critical value at the 1% significance level, so we can reject the null hypothesis of under-
identification at 1%. When instruments are correlated with endogenous variables, but only weakly,
estimators can also perform poorly. The Kleibergen-Paap rk Wald F-statistic is used to test weak
identification when the error term is not ii.d. The instrument we choose also passes the weak-
identification test.

Based on the Table 3 estimates, the price elasticity of demand for broilers, computed at the mean
price and quantity for 2021, is —0.51, which indicates that the demand for broiler meat is not elastic.
This result is consistent with most of the literature in the field and is directly supported by Chi and
Lovett (2020). The estimated coefficient for pork price is significantly positive, and it suggests that
pork and broiler meat are substitutes."*

Then we estimate the supply function of the competitive fringe (Equation 11). The supply of the
competitive fringe Q° is calculated by subtracting the supply of the oligopolists (the top N” firms)
from the total quantity Q. To avoid the possible influence of the alleged collusion of a group of larger
broiler firms to restrict output and fix prices on the behavior of the competitive fringe (for details,
see Sheng & Vukina, 2024), we only use data from August 2019 to December 2021 to estimate Equa-
tion 11. Since C is non-positive, we impose this constraint when estimating Equation (11). As the
broiler price is endogenous in the supply function, pork price from the demand side is chosen as an
instrument. It passes both the under-identification and weak-identification tests. The estimated value
of C is exactly 0, which suggests that the values of ; are all zeros. The estimated K° is sensitive to the
choice of N” (see Table 4). The results show that estimated K* is negatively correlated with N”. Since
we assume that K° measures the number of plants owned by the competitive fringe, the negative
relationship between N™ and K° is obvious: if more firms are counted as strategic firms, fewer firms
with their plants would belong to the competitive fringe.

Next, we need to estimate the first-order condition for profit maximization of each of the
Cournot contestants, expressed as their supply functions. To estimate Equation (16), we use the data
from 2010 to 2021 because the industry HHI is stable around the level 1000 during this time period
and the capital stock of each firm remained substantially unchanged.'” Since F; is non-positive, we
impose this constraint when estimating Equation (16). Even though the monthly firm-level quantity

"“The estimates of the double-log functional form of the inverse demand function are very similar.
">Based on Watt Poultry USA survey data, during the 2010-2021 period, the number of slaughter plants for the top eight firms in the industry
increased by only 6%, from 103 to 109.
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TABLE 4 Estimates of the supply function of the competitive fringe.

N K¢ Standard errors
4 20.64%** 0.92

5 17.94%%* 0.80

6 15.33%** 0.69

7 13.26™** 0.60

8 11.60%** 0.51
Kleibergen-Paap rk LM statistic 13.22

Kleibergen-Paap rk Wald F statistic 647.30

Note: *, **, and *** mean coefficients are significant at the 10%, 5%, and 1% significance level, respectively.

data from the WATT Poultry USA annual surveys have the panel structure, we estimate
Equation (16) for each firm separately. Because in our structural model there are no common
covariates or fixed/random effects across equations for different strategic firms, there is no advantage
of using the panel structure. As variable Z;; is endogenous, we use pork price as a valid instrument.
The estimated value of F; is exactly 0 for all strategic firms. Table 5 presents the estimated k; for
Cournot firms under different N". Notice that the estimated k; gradually increases as N” increases,
but the ordering of k; is always the same as the ordering of market shares. This result is consistent
with the Lerner index in Equation (6), which implies that firms with larger market share should have
lower marginal costs and hence larger capital stocks. The fact that k; estimates are roughly propor-
tional to the number of actually observed plants is a sign that k; represents a good measure of capital
stock.

The estimated pre-merger monthly price and quantity for the whole industry on a year-by-year
basis can be obtained by solving the system of Equations (7), (11), and (16) after substituting esti-
mated parameters. The critical question becomes what is the correct model to represent the broiler
industry in terms of the oligopoly size, that is, the number of Cournot contestants. Under the
assumption that N” <7, Wayne Farms belongs to the competitive fringe, and the merger happens
between a strategic firm and a competitive firm. Under the assumption that N" =7, Wayne Farms is
also part of the oligopoly, and the merger happens between two strategic players.

To address the issue, we do two things. First, we look at the goodness of fit of each model from
N'=4 to N =8 by computing the out-of-sample mean-squared prediction error,
MSE=3"(y, —?i)z, where y, is the observed price, industry output, top three firms’ individual out-
put, and other firms’ total output, and ¥, is the prediction of these variables. Since the models are
estimated by using data from 2000 to 2021, we calculate the out-of-sample MSE by using the data
from the year 2022 (from January to August). The results show that MSE for N" =4 is 10043.61;
MSE for N" =5 is 9131.54; MSE for N" =6 is 8297.97; MSE for N" =7 is 8172.79; and MSE for
N"=38 is 8173.19. They indicate that the best model (with the smallest MSE) is N" =7, and the
merger occurred between two strategic firms.

Second, by comparing these two adjacent cases, N'=7 to N" =6, we want to see whether the
merger effect between two strategic firms is different from the merger effect between a strategic firm
and a competitive firm. The comparison between the two scenarios for the 2022 pre-merger equilib-
rium is given in Table 6. We say that the prediction is statistically significant at the 5% level if the
empirical data point lies inside the 95% confidence interval.'® The results of the two models are qual-
itatively identical. They show that the total industry quantity as well as the two leading firms’ (Tyson

'*The 95% confidence intervals are obtained from 1000 bootstraps. Each time, a random sample is drawn from the original data set, all models
are estimated, and the empirical distribution of the parameters of interest is recorded. Stata has a built-in command that can do nonparametric
bootstrapping in a convenient way (see Mooney and Duval 1993).
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TABLE 5 Estimates of the first-order conditions for Cournot oligopolists.

Firm N'=4 N'=5 N'=6 N'=7 N'=8 Number of plants

J Dyson 9.57%¥* 9.73%¥* 9.90%** 10.07*** 10.22%** 120
(0.20) (0.21) (0.22) 0.22) (0.23)

[ Pilgrim At 7.43%%* AS R 7.63%** 7.71%%* 82
(0.14) (0.14) (0.15) (0.15) (0.15)

kSanderSon 310*** 311*** 313*** 315*** 316*** 33
(0.10) (0.10) (0.10) (0.10) (0.10)

JFerdue 2.87%%* 2.88%** 2.89%** 2.91%** 2.92%%* 40
(0.05) (0.05) (0.05) (0.06) (0.06)

fKoch 2.40%F* 2.41%%* 2.42%F% 2.43%F% 24
(0.05) (0.05) (0.05) (0.05)

it PI0SEE 2.06%** 2.07%** 14
(0.06) (0.06) (0.06)

kWayne 1.91¥** 1.92%** 26
(0.04) (0.04)

jPeco 1.39%%* 17
(0.04)

Note: Numbers in parentheses are the corresponding standard errors. *, **, and *** mean coefficients are significant at the 10%, 5%, and 1%
significance level, respectively.

TABLE 6 Estimated pre-merger equilibrium in 2022.

Empirical data N'=6 N'=7
Average price 148.8 97.6 98.0
Total quantity 30,344.2 30,351.0%* 30,281.0%*
Qlyson 6096.9 5990.6** 6010.5%*
QFilerim 4564.9 4810.3** 4833.9%*
(QSanderson 2639.7 2237.9 2249.4
QFate 1838.9 2079.7 2092.3
QKoch 1979.9 1757.0 1764.7
Qe 1905.9 1509.4 1518.0
QWayne 1453.3 1618.2 1413.7%*

Note: *, **, and *** mean coefficients are significant at the 10%, 5%, and 1% significance level, respectively.

and Pilgrim) quantities are significant at the 5% level in both models, whereas estimated price and other
smaller firms’ outputs are not (except for Wayne Farms when N” =7)."” The results are quite reason-
able because our objective is not to directly forecast industry output, prices, and firm-level quantities.
Instead, we estimate the demand and supply functions and then use these estimates to calculate equi-
librium prices and quantities. Due to nonlinearities in the first-order condition, the estimation errors
in the demand and supply functions are exaggerated when calculating the final results.

Finally, in Table 7, we present the estimated average marginal cost and the corresponding 95%
confidence intervals for the top seven broiler companies in 2022 based on Equation (8)."® As

'7We need to point out that the average price in 2021 is about 100.78 cents per pound, but it increased by more than 50% in 2022. The broiler
price surge in 2022 was caused by outbreaks of highly pathogenic avian influenza (HPAI; Zamani et al., 2024). Since the outbreaks of HPAI
were unpredictable, the estimated price is closer to the average level in 2021.

'8The marginal cost is calculated for each month; the average value is presented in Table 7.
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TABLE 7 Estimated marginal cost in 2022.

Firm N'=6 95% CI N =7 95% CI

Tyson 75.6%% [70.4, 85.4] 74.6%% (69.0, 85.0]
Pilgrim 80.0°%* [75.6, 88.0] 79.2%* [74.6, 87.6]
Sanderson 89.4%* [86.4, 93.4] 89.3%* (86.4, 93.4]
Perdue 90.0%* [87.1,93.9] 89.9%* [87.1,93.7]
Koch 91.1%* [88.2, 94.7] 91.2%* (88.4, 94.8]
Mountaire 92.0%* [89.1,95.4] 92.1%* (89.3, 94.5]
Wayne 97.6%* [94.0, 101.4] 92.5%* (89.7,95.7]

Note: *, **, and *** mean coefficients are significant at the 10%, 5%, and 1% significance level, respectively.

predicted by the Lerner index, companies with a larger market share have smaller estimated mar-
ginal costs. Given that firm-level marginal costs are not observable, the best that we can do is to con-
trast our estimates with their lower bound—the cost of feed plus the cost of chicks required to
produce one pound of RTC broiler meat.'” Based on our calculation, the lower bound for marginal
cost is 65 cents per pound of RTC broiler meat. The results show that all our estimates are signifi-
cantly above the lower bound.*

In fact, we can use marginal cost to argue that a Cournot model with a competitive fringe is bet-
ter than the standard Cournot model. Based on the Lerner index in Equation (6), as there is no com-
petitive fringe, the elasticity of the residual demand on the right hand side of (6) is now the elasticity
of the entire market demand. Plugging in different firms’ market shares, one can compute their price
cost margins and, since the price is common to all, their marginal costs. The results of such an exer-
cise show that the marginal cost of, for example, Tyson Foods is 61 cents per pound of RTC broiler
meat, which is lower than the minimum lower bound for the industry, which is shown to be 65 cents
per pound of RTC broiler meat.

5 | MERGER SIMULATION

According to Davis and Garcés (2009), the general procedure of merger simulation involves the
following steps: (1) make assumptions about consumer demand, production cost, and market
structure; (2) either estimate or calibrate the demand function and marginal cost function;
(3) establish how the merger influences the optimization conditions for each firm; and (4) compute
the new equilibrium and compare it to the original one. Using the obtained estimates of the mar-
ket demand function and the supply function of the competitive fringe, and defining the capital
stock of the newly merged company as k,, = k3 + k7, we numerically solve the following system of
equations using MATLAB:

P:a—EQ
Q=Q+Q
Q=KP 1 ) 17)
Q= ;= — =
TR
Pk, P—bQ°

'“The interested reader can find details about how the lower bound is calculated in Appendix C in the online supplementary appendix.
2Similar as before, the significance level is determined by calculating the 95% confidence intervals via bootstrap.
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TABLE 8 Estimated merger effects: Percentage change in indicators.

N'=6 95% CI N' =7 95% CI
Average price +1.18%** [+0.25%, +2.23%] +0.53%** [+0.14%, +0.90%]
Total quantity —0.57%** [—0.58%, —0.38%] —0.26%** [—0.27%, —0.19%]
Qyson —0.27%** [—0.51%, —0.05%] +0.53%** [+0.14%, +0.90%]
QPilerim 10.016% [—0.03%, +0.04%] 10.539%* [40.14%, +-0.90%]
(QSanderson-+ Wayne —8.31%** [—11.18%, —3.93%] —5.94%** [—8.11%, —2.83%]
QFate +0.67%** [+0.15%, +1.21%] +0.53%** [+0.14%, +0.90%]
QKoch +0.75%** [+0.17%, +1.36%] +0.53%** [+0.14%, 4+0.90%]
QMountaire 10.81%** [40.18%, +1.47%] 10.53%%* [4-0.14%, +-0.90%]
Consumer surplus —1.14%** [—1.15%, —0.77%] —0.51%** [—0.55%, —0.38%)]
Producer surplus +9.60%** [+7.93%, +11.50%] +0.84%** [+0.24%, +1.38%)]
Total surplus +1.57% [—0.29%, +5.72%] —0.15% [—0.30%, 4+-0.06%]

Note: *, **, and *** mean coefficients are significant at the 10%, 5%, and 1% significance level, respectively.

where a = Eo —i—ZzPork —|—E3Dm +E4t +Z5 t2, and the last expression is derived from Equation (15). 21

Besides the price and quantity effect, we are also interested in how the merger influences social
Welfare consymer surplus, CS= Io (Q) — P*)dQ, and producer surplus of each strategic firm j,
PS;= foj MC;(q;)dq;—where * indicates equilibrium price and quantities. We assume that
the demand curve Wlll not be influenced by the merger, so the consumer surplus is negatively corre-
lated with the equilibrium price and positively correlated with the equilibrium quantity. We also
assume that the broiler industry is a constant cost industry such that, in the long run, the producer
surplus of the competitive fringe equals 0. Therefore, the total surplus is defined
as TS=CS+ Z ', PS;.

The results presented in Table 8 clearly indicate that the merger effects on market equilibrium
are sensitive to the choice of N”. The price effect (+1.18%), quantity effect (—0.57%), consumer sur-
plus effect (—1.14%), and producer surplus effect (+9.60%) when N" =6 are all much larger than
the price effect (+0.53%), quantity effect (—0.26%), consumer surplus effect (—0.51%), and producer

surplus effect (+0.84%) when N =7. The corresponding 95% confidence intervals are also much

wider in the former case. Even though the sizes of all these effects vary, they have the same sign and
most of them are significant at the 5% level in both cases.”” The aggregate welfare, defined as the
sum of consumer surplus and oligopoly producer surplus, may increase by 1.57% when N" =6 or
decrease by 0.15% when N” =7. However, the total welfare effect is not significant at the 5% signifi-
cance level in both cases. The merger effect on firm-specific quantity also varies. For example, the
quantity supplied by Tyson Foods may increase or decrease depending on the choice of N". How-
ever, in both cases, the quantity supplied by the newly merged company Wayne-Sanderson Farms
will be smaller than the sum of the pre-merger supply of Sanderson Farms and Wayne Farms.

5.1 | Discussion of the Nocke-Whinston proposition

Nocke and Whinston (2022) relate the measure of concentration (HHI) to the required efficiency
gain (required reduction in marginal cost) such that the merger will not harm consumers by

2The range of j depends on N". For N = 6, the No. 3 firm (Sanderson) is merged with the No. 7 firm (Wayne), but Wayne is a competitive
firm, so there are six strategic firms after the merger. When N =7, the No. 7 company (Wayne), which is in this case also a strategic company,
ceases to exist and hence there are still only six strategic firms after the merger. The parameter a is calculated for each month of 2021.
**Because we are testing against Hy =0, the percent change in any given indicator is significant at the 5% level if its 95% confidence interval
does not contain 0.
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increasing the post-merger equilibrium market price. By assuming a standard Cournot model with a
constant return to scale technology and constant marginal cost, they show that if firm i with market
share s; and marginal cost MC; is combined with firm j with market share s; and marginal cost MC;,
to guarantee that the merger is consumer-surplus-neutral, the required cost synergies should satisfy

W—_Mcm:(\/%)( 2(1-Hu))
e ()R
iMCits;

o HjMCj , MC,, is the marginal cost of the newly merged company as if it still produces

(18)

where MC =

2 2
at the pre-merger level, AH=2s;s5;, and H,, = (S’:S’)z is called the within-merger HHI. When
sit+s;
Equation (18) holds, it means that the merger in question has no impact on market price and con-
sumer surplus. If the post-merger marginal cost MC,, is not significantly smaller than MC, then
LHS < RHS in Equation (18) and the cost synergy induced by the merger is not big enough to pre-
vent the merger from raising the price and reducing the consumer surplus. The reverse is also true.

Since we are considering a Cournot model with competitive fringe, Equation (18) needs to be
modified to accommodate the difference. Since solving the Cournot oligopoly with a competitive
fringe model is equivalent to solving the standard Cournot model where Cournot players face the
residual demand function, the required modification of Equation (18) amounts to setting

2 2
§;MCi+s;MC; oAt _ (sr) —0—(5]7)
sits A= 2 Hn = (sf+sf>2 ’
L
In summary, instead of using the price elasticity of the total demand (€), we use the price elasticity
of the residual demand €" and instead of using market shares, we use the relative shares within the
oligopoly.*

MC= and € as the price elasticity of the residual demand.

When N" =7, we find that LHS =0.00033 < 0.056 = RHS, which means that the cost synergy is
not big enough to neutralize the price increase. Hence, both the insight from the concentration-
based threshold method and our merger simulation result suggest that the merger will cause harm to
consumers by raising the market price.

6 | CONCLUSION

This article investigates the impact of the merger between Sanderson Farms and Wayne Farms on
the downstream chicken market. Since there exist several large broiler companies and many other
much smaller ones, we believe that a Cournot oligopoly with a competitive fringe is a good theoreti-
cal model for the broiler industry. Our findings reveal that the merger will likely increase chicken
prices, reduce consumer surplus, and increase producer surplus, and the results are significant at the
5% level. However, the size of these effects varies based on the number of oligopoly players: they are
much larger when N"=6 compared to when N"=7. The net welfare effect is ambiguous and
insignificant.

Since consumer benefit is the major concern in antitrust regulation, we also propose a market
concentration-based threshold method to determine whether a merger will benefit consumers. The
advantage of this method is that it only relies on pre-merger information like relative market shares
of ready-to-be-merged firms and the price elasticity of residual demand. Not surprisingly, the market

**Nocke and Whinston’s (2022) proof for Equation (18) is built upon Proposition 1 in Farrell and Shapiro (1990). The formal proof of the
modified Equation (18) is available from the authors upon request.
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concentration-based threshold method also predicts that the aforementioned merger will inflict
damage on consumers. In light of these results, it is somewhat surprising that the merger has been
approved by the regulators.

There is one segment of the poultry business that could indirectly benefit from the Wayne-
Sanderson merger. Nestled in the consent decree that settled the wage suppression allegations against
Cargill, Sanderson Farms, and Wayne Farms is the agreement to end the use of tournaments to settle
broiler contracts. For many years, poultry processors have contracted with farmers for the
production of live birds. The companies deliver chicks and feed to the farms and then harvest the
market-size chickens several weeks later. The performance of each grower is compared to the average
performance of the entire group: the farmers with the heaviest birds and lowest cost of production
are paid bonuses, and those with below-average performance are penalized. Farmers have long
argued that the system is unfair because the companies control all critical inputs and can hence pre-
determine the outcomes; for an extensive discussion of the topic, see Leegomonchai and
Vukina (2005).

Several previous administrations tried and failed to challenge the tournament system through
the federal rule-making process. However, last year, the wage suppression case included a claim that
did not seem to fit with the rest of the allegations. In a case that primarily dealt with employee pay,
the DOJ also alleged that Sanderson’s and Wayne’s use of the tournament system violated the
Packers and Stockyards Act, an antitrust law that has historically fallen under the purview of
the Department of Agriculture (Brown, 2023). As part of the consent decree, the defendants agreed
to end the use of the tournament system. In the future, the newly formed Wayne-Sanderson Farms
will pay growers a minimum base rate, and no grower with below-average performance will be paid
less than the base piece rate per pound of live weight delivered.**

The Wayne-Sanderson Farms commitment to stop using the controversial tournament system as
the mechanism for settling broiler production contracts and replace it with a less incentive-driven
mechanism indicates that this merger could potentially benefit upstream suppliers of live chickens
(i.e., contract farmers). The analysis of the merger effects on upstream suppliers would insert an
important missing piece of the puzzle into the big picture of total merger effects assessment. A
dynamic model similar to that in Benkard et al. (2010) could be adapted to estimate these effects.
However, the availability of data on the exact locations of contract growers and companies that they
contract with is the main obstacle to carrying out this investigation, so we leave it as a topic of future
research.

REFERENCES

Benkard, C. Lanier, Aaron Bodoh-Creed, and John Lazarev. 2010. “Simulating the Dynamic Effects of Horizontal Mergers: Us
Airlines.” Unpublished manuscript, Yale University.

Brown, David P., and Andrew Eckert. 2018. “Analyzing the Impact of Electricity Market Structure Changes and Mergers: The
Importance of Forward Commitments.” Review of Industrial Organization 52: 101-137.

Brown, H. Claire. 2023. “The Chicken Tycoons Vs. the Antitrust Hawks.” The New York Times, December 22.

Chi, Yeong Nain, and Marvin G. Lovett. 2020. “Sustainability Development and Broiler Chickens in the United States.” Jour-
nal of Business and Behavioral Sciences 32(2): 83-96.

Davidson, Carl, and Arijit Mukherjee. 2007. “Horizontal Mergers with Free Entry.” International Journal of Industrial Organi-
zation 25(1): 157-172.

Davis, Peter, and Eliana Garcés. 2009. Quantitative Techniques for Competition and Antitrust Analysis. Princeton, NJ: Prince-
ton University Press.

Farrell, Joseph, and Carl Shapiro. 1990. “Horizontal Mergers: An Equilibrium Analysis.” American Economic Review 80(1):
107-126.

Fellner, W. 1949. Competition among the Few: Oligopoly and Similar Market Structures. New York: Alfred A. Knopf.

**The same issue is central to the new USDA proposed rule “The Poultry Grower Payment Systems and Capital Improvement Systems,” which
would, among other things, prohibit payment practices that reduce or discount payment rates in a contract under poultry grower ranking
(tournaments) systems used in contract poultry production for broiler chickens. The comment period closed on August 9, 2024. Docket: AMS-
FTPP-22-0046.

85UB0|7 SUOWIWOD 3AIERID) 8|qedl|dde ay) Aq peusenob ae sajole O ‘8sn Jo Sajn. 1o} Akeiq1TauljuO A8|IA UO (SUOTHIPUOD-PUR-SLUBI WD A8 | M ARe1q 1 [Bu JUo//:S1L) SUORIPUOD Pue Swi | 38U 88s *[520z/2T/0] uo Ariqiaunuo A8|im ‘yiesH Aisealn Buned Aq TTSZT'@efe/TTTT 0T/I0p/wod A8 1M Ariqpuljuo//Sdiy Woiy papeojumoq '€ ‘G20 ‘9.28297T



PI and VUKINA 887

Gandhi, Amit, Luke Froeb, Steven Tschantz, and Gregory J. Werden. 2008. “Post-Merger Product Repositioning.” The Journal
of Industrial Economics 56(1): 49-67.

Greenfield, Daniel, Nicholas Kreisle, and Mark D. Williams. 2015. “Simulating a Homogenous Product Merger: A Case Study
on Model Fit and Performance.” Federal Trade Commission Bureau of Economics Working Paper, no. 327.

Hendrickson, Mary, and William Heffernan. 2007. Concentration of Agricultural Markets. Columbia: Department of Rural
Sociology, University of Missouri.

Landes, Maurice, Seresh Persaud, and John Dyck. 2004. “India’s Poultry Sector: Development and Prospects. Market and
Trade Economics Division.” In Agriculture and Trade Report. Washington, DC: Economic Research Service, US Depart-
ment of Agriculture.

Leegomonchai, Porametr, and Tomislav Vukina. 2005. “Dynamic Incentives and Agent Discrimination in Broiler Production
Tournaments.” Journal of Economics & Management Strategy 14(4): 849-877.

Lundmark, Robert, and Mats Nilsson. 2003. “What Do Economic Simulations Tell us? Recent Mergers in the Iron Ore Indus-
try.” Resources Policy 29(3-4): 111-18.

Mooney, Christopher Z., and Robert D. Duval. 1993. Bootstrapping: A Nonparametric Approach to Statistical Inference. Thou-
sand Oaks, CA: Sage Publication.

Nocke, Volker, and Michael D. Whinston. 2022. “Concentration Thresholds for Horizontal Mergers.” American Economic
Review 112(6): 1915-48.

Pindyck, Robert S., and Daniel L. Rubinfeld. 2013. Microeconomics. New York city, NY: Pearson Education.

Rouskas, Evangelos. 2023. “Mergers, Multiperiod Cournot Competition, and Coasian Dynamics.” Bulletin of Economic
Research 75(2): 270-286.

Salant, Stephen W., Sheldon Switzer, and Robert J. Reynolds. 1983. “Losses from Horizontal Merger: The Effects of an Exoge-
nous Change in Industry Structure on Cournot-Nash Equilibrium.” The Quarterly Journal of Economics 98(2): 185-199.

Schroeter, John R. 1988. “Estimating the Degree of Market Power in the Beef Packing Industry.” The Review of Economics and
Statistics 70: 158-162.

Shapiro, Carl. 2010. “The 2010 Horizontal Merger Guidelines: From Hedgehog to Fox in Forty Years.” Antitrust Law Journal
77: 49.

Sheng, Qiwen, and Tomislav Vukina. 2024. “Public Communication as a Mechanism for Collusion in the Broiler Industry.”
Review of Industrial Organization 64(1): 57-91.

Sherali, Hanif D., Allen L. Soyster, and Frederic H. Murphy. 1987. “Mathematical Analysis of the Interactions between Oligop-
olistic Firms and a Competitive Fringe.” American Journal of Mathematical and Management Sciences 7(1-2): 149-174.

Soyster, A. L., and H. D. Sherali. 1981. “he Influence of Market Structure in the Supply and Demand of Copper.” Omega 9(4):
381-88.

Vergé, Thibaud. 2010. “Horizontal Mergers, Structural Remedies, and Consumer Welfare in a Cournot Oligopoly with
Assets.” The Journal of Industrial Economics 58(4): 723-741.

Vukina, Tomislav, and Xiaoyong Zheng. 2015. “The Broiler Industry: Competition and Policy Challenges.” Choices 30(2): 1-6.

Warell, Linda, and Robert Lundmark. 2008. “Price Effects of Mergers in Natural Resources Industries.” Resources, Conserva-
tion and Recycling 53(1-2): 57-69.

Wooldridge, Jeffrey Marc. 2007. Introductory Econometrics. New York city, NY: Academic Internet Publishers.

Zamani, Omid, Thomas Bittmann, and David L. Ortega. 2024. “The Effect of Avian Influenza Outbreaks on Retail Price Pre-
miums in the United States Poultry Market.” Poultry Science 103(10): 104102.

Zheng, Xiaoyong, and Tomislav Vukina. 2009. “Do Alternative Marketing Arrangements Increase Pork Packers’ Market
Power?” American Journal of Agricultural Economics 91(1): 250-263.

Zsohar, Peter. 2012. “Short Introduction to the Generalized Method of Moments.” Hungarian Statistical Review 90(SN16):
150-170.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Supporting Information section at the
end of this article.

How to cite this article: Pi, Lulu, and Tomislav Vukina. 2025. “Horizontal Merger Simulation
in a Cournot Oligopoly with Competitive Fringe: The U.S. Broiler Industry Case.” American
Journal of Agricultural Economics 107(3): 869-887. https://doi.org/10.1111/ajae.12511

85UB0|7 SUOWIWOD 3AIERID) 8|qedl|dde ay) Aq peusenob ae sajole O ‘8sn Jo Sajn. 1o} Akeiq1TauljuO A8|IA UO (SUOTHIPUOD-PUR-SLUBI WD A8 | M ARe1q 1 [Bu JUo//:S1L) SUORIPUOD Pue Swi | 38U 88s *[520z/2T/0] uo Ariqiaunuo A8|im ‘yiesH Aisealn Buned Aq TTSZT'@efe/TTTT 0T/I0p/wod A8 1M Ariqpuljuo//Sdiy Woiy papeojumoq '€ ‘G20 ‘9.28297T


https://doi.org/10.1111/ajae.12511

	Horizontal merger simulation in a Cournot oligopoly with competitive fringe: The U.S. broiler industry case
	Abstract
	1  |  INTRODUCTION
	2  |  BACKGROUND
	3  |  MODELING APPROACH
	3.1  |  Theoretical model
	3.2  |  Empirical model

	4  |  ESTIMATION RESULTS
	5  |  MERGER SIMULATION
	5.1  |  Discussion of the Nocke‐Whinston proposition

	6  |  CONCLUSION
	REFERENCES
	SUPPORTING INFORMATION


