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Abstract
Coronavirus 2019 (COVID-19) has caused ongoing disruptions to U.S. meat mar-
kets via demand and supply-side shocks. Abnormally high prices have been
reported at retail outlets and meat packers have been accused of unfair business
practices because of widening price spreads. Processing facilities have experi-
encedCOVID-19 outbreaks resulting in shutdowns. Usingweekly data onwhole-
sale and retail prices of beef, pork, and poultry, we characterize the time series
behavior and dynamic linkages of U.S. meat prices before the COVID-19 pan-
demic. We model vertical price transmission using both linear and threshold
autoregressive (AR) models and vector error correction (VEC) models. With
the estimated models, we then compare price movements under COVID-19 to
model predictions. All three meat markets are well-integrated and we observe
unexpected, large price movements in April and May of 2020. Early COVID-19
related shocks appear to be transitorywith prices returning to expected levels at a
pace consistent with the speed of transmission prior to the pandemic. This well-
functioning market process suggests a degree of resilience in U.S. meat supply
chains.
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1 INTRODUCTION

Coronavirus-2019 (COVID-19) has had major economic
impacts in the United States and worldwide (Baker, Bloom
et al., 2020; Jinjarak et al., 2020; Laborde et al., 2020).
COVID-19 is a disease caused by infection with the novel
coronavirus SARS-CoV-2. The virus is thought to have
originated in Wuhan, China in late 2019 but has since
spread across the globe (Zhou et al., 2020). Respiratory
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effects of COVID-19 can be acute and the disease usually
appears clinically in the form of a cough, nasal congestion,
fever, and other signs of upper respiratory infection. These
symptoms can progress to viral pneumonia and in severe
cases may result in a wide range of serious health impacts
which can lead to death (Velavan & Meyer, 2020). As of
August 14, 2020, the U.S. had experienced over 5.2 mil-
lion cases and 168 thousand deaths (World Health Orga-
nization, 2020). While estimated infection and death rates
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are being updated daily by the Centers for Disease Control
and Prevention, SARS-CoV-2 is widely regarded as highly
infectious.
The COVID-19 pandemic has affected the U.S. agri-

cultural sector through a variety of channels. Impacts
have been particularly pronounced in the U.S. meat sec-
tor where policymakers have brought increased attention
to price transmission, marketing margins, and the contin-
ued supply of meat. In a March 31, 2020 letter to Attorney
General William Barr and Secretary of Agriculture Sonny
Perdue, Senator Chuck Grassley of Iowa asked for Justice
Department andDepartment of Agriculture (USDA) inves-
tigations into “potential market manipulation and unfair
practices” in the cattle industry following the COVID-19
outbreak in the U.S. (Grassley, 2020). This call was echoed
by legislators in the largest farm states and precipitated by
an increase in the farm-retail price spread for beef over the
month of March (Comer, 2020; Rounds et al., 2020). On
April 8, 2020, Secretary Perdue announced that USDA’s
Packers and Stockyards Division would extend investiga-
tions of beef price spreads to cover theCOVID-19 epidemic.
Shortly after the USDA announced expanded investi-

gations of beef packers, outbreaks of COVID-19 began to
impact processing facility operations. On April 12, 2020,
Smithfield Foods announced that it would idle a Sioux
Falls Plant for an indefinite period of time (Bunge, 2020a).
By April 15, the plant had become the largest single source
of COVID-19 cases in the U.S. Several other meat process-
ing facilities closed ormoved to limited operations (Bunge,
2020b). USDA food safety inspectors working in the plants
also contracted the virus (Bagenstose et al., 2020). Plant
closures affect prices up and down the supply chain with
the press reporting possible meat shortages at retail outlets
(Almeida&Dayy, 2020). In response to possible food short-
ages, President Trump issued an executive order under
authority of the Defense Production Act to ensure contin-
ued supply of beef, pork, and poultry (Trump, 2020).
In addition to changes to supply conditions, there is

growing evidence that COVID-19 has caused a shift in
demand both across and within different types of meat
(Cavallo, 2020; Cranfield, 2020). Closures of restaurants
and other food service businesses clearly cause a decline
in expenditures on food away from home. As far as various
types of meat tend to be consumed away from—instead of
at—home, there are likely to be differential demand effects
by type or cut of meat (Weersink et al., 2020). As well,
consumers are responding to changes in income due to
macroeconomic effects of the pandemic (Gay et al., 2020).
Given the length of the pandemic, it remains to be seen
whether consumers will revert back to previous consump-
tion habits or if COVID-19 has resulted in a permanent
change in food and meat consumption behavior.
Price adjustments to COVID-19 occur simultaneously in

a complex system of price discovery; these adjustments are

bellwethers of market efficiency and resilience. They also
provide ameans ofmeasuring themagnitude of exogenous
shocks to a system. In lieu of measurement of the under-
lying fundamentals of agricultural markets, price analysis
provides a reduced-form approach for understanding how
markets react to shocks. For markets with multiple levels,
reactions to disequilibria involve price transmission. Price
transmission refers to the process bywhich prices integrate
markets both vertically, across space, and across time.
Price linkages betweenmarkets are important indicators

of market performance. In markets with vertical relation-
ships, price transmission is typically characterized in terms
of the size and speed of price adjustments to shocks at dif-
ferent levels of the market. If economic agents are sub-
ject to constraints on their adjustments to shocks, adjust-
ments may occur with low speed and significant lag. The
presence of transaction costs can increase the size of the
shock required for price transmission to occur. In contrast
to spatial price transmission, studies of vertical price trans-
mission are complicated by the fundamental changes that
occur to commodities as they move through the supply
chain.
Imperfect price transmission, whether the result of the

exercise of market power or for other reasons, implies
that price changes at farm, wholesale, or retail levels are
only slowly or partially transmitted to other levels of the
supply chain, if at all. Asymmetries in price transmis-
sion, whereby positive and negative shocks exhibit dif-
ferent patterns of adjustment or when there are different
adjustments going up or down the supply chain, play an
important role in welfare evaluation in agricultural mar-
kets. Therefore, modeling of asymmetric adjustment has
assumed a central role in modern studies of price trans-
mission. Linear and nonlinear time-series models that
are capable of incorporating asymmetries have enabled
empirical study of asymmetric responses to shocks. These
increasingly flexible methods allow for tests of the under-
lying economic theory of price transmission and a richer
assessment of price behavior.
Ultimately, price movements result from changes to

both supply and demand; COVID-19 has caused shocks to
both sides of meat markets. The shocks of greatest impact
in the near term appear to be related to supply issues aris-
ing from the labor intensive nature of meatpacking. In
the long term, COVID-19 may result in changes to diets
and thus in changes to demand for meat. Several recent
articles have examined the impacts of COVID-19 on meat
markets in particular. Lusk et al. (2021) examine beef and
pork marketing margins (farm to wholesale) and docu-
ment the effects of plants running at reduced capacity.
They present evidence that packers are not operating in
a non-competitive manner and note that changes in mar-
keting margins can occur under competitive markets with
large supply shocks.Martinez et al. (2021) andMaples et al.
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(2021) examine changes to U.S. cattle and poultry mar-
kets, respectively, as a result of COVID-19. In addition to
changes in slaughter resulting from COVID-19 infections
at processing facilities, Martinez et al. (2021) note that a
decline in food purchased away-from-home resulted in a
major decline in demand for live cattle from the food ser-
vice industry. Maples et al. (2021) cite a similar decline in
demand in poultry.
Analogous concerns are voiced in articles by McEwan

et al. (2020), Weersink et al. (2020), and Rude (2020) on
the Canadian pork, poultry, and beef industries, respec-
tively. All three articles devote some attention to supply
shocks caused by infections at processing facilities, with
Weersink et al. (2020) and Rude (2020) suggesting that the
impacts of such shocks are likely to be short-lived. On the
other hand, they suggest that longer term changes may
result from demand side shocks. Cranfield (2020) provides
an overarching discussion of food demand response, while
Goddard (2020) contains some statistics for food demand
in Canada at the beginning of the pandemic. Concerns sur-
rounding demand formeat relate primarily to lower house-
hold incomes, shifts from food away from home to food at
home, and food delivery as opposed to in-store purchase,
Baker, Bloom, et al. (2020) and Goddard (2020) docu-

ment sharp decreases in restaurant spending at the begin-
ning of the pandemic. Baker, Farrokhnia, et al. (2020) addi-
tionally show that grocery spending initially increased but
then declined. Interestingly, food delivery spending was
mostly flat through the end of March 2020. Chang and
Meyerhoefer (2021) found that demand for online food
shopping services increased with COVID-19 prevalence in
Taiwan. Most of the published articles mentioned above
make use of data going throughMarch or April of 2020 and
are informative with respect to COVID-19 impacts at early
stages of the pandemic.
A recent article by Cavallo (2020) uses credit card and

debit card transactional data to construct consumer price
index baskets for the U.S. through early June, 2020; while
macroeconomic in focus, there are several interesting find-
ings in terms of demand for food products. Grocery spend-
ing peaked in late March but remained flat from April
onwards. Restaurant and hotel spending declined by over
50%but has continued to rise sinceApril. AlthoughCavallo
(2020) is concerned with constructing a COVID-19 con-
sistent CPI, he provides some embedded insights for food
markets. As part of total consumer expenditures, and with
reference to the weights of the normal CPI, the weight on
food at home increased by nearly fifty percent, the weight
on grocery spending decreased by nearly fifty percent, and
the weight on alcoholic beverages increased by about fifty
percent. The impact of COVID-19 on meat markets can
then be summarized as a series of (ongoing) shocks to
both meat supply and demand. Even without measure-

ment of exogenous factors affecting supply and demand,
price movements are readily available and can be assessed
through application of time series statistical methods.
Motivated by the significant effect of COVID-19 on U.S.

meat markets, we empirically assess price transmission
between levels of the beef, pork, and chicken sectors using
linear and threshold vector error correction (VEC) mod-
els and linear and threshold autoregressive (AR) models.
We also implement a VECmodel of all six price series that
accounts for cross-price effects. These models recognize
nonstationarity in the underlying price data and allow for
asymmetric responses in price transmission. The models
are estimated using a unique set of data on weekly prices
for meat composites at wholesale and retail levels. The
data run through early July of 2020, allowing price move-
ments under COVID-19 to be compared to predicted prices
through an event study (Campbell et al., 1997). The event
study provides measures of the impact of COVID-19 and
illustrates how shocks from the pandemic cause prices to
deviate from modeled behavior.
We find that beef, pork, and poultry markets were well-

integrated prior to the incidence of COVID-19. The pan-
demic coincided with severe, historically large changes in
prices for beef and pork. Chicken prices did not see major
fluctuation. However, prices appear to be at, or return-
ing to, previously forecasted levels, suggesting that some
COVID-19 shocks may only be transitory. We suggest that
these major transitory shocks likely relate to supply bot-
tlenecks caused by reduced plant operating capacity. In
any event, sustained gaps in meat supply failed to occur as
equilibrating price movements provided an incentive for
packers to keep plants operating. The full effect of the pan-
demic is likely to be revealed only after it has fully abated
andmarkets return to normal conditions.Nonetheless, evi-
dence thus far indicates that the U.S. livestock sector is
capable of managing and responding to the disequilibria
arising from COVID-19.

2 PRICE TRANSMISSION IN
AGRICULTURALMARKETS

An extensive body of research has investigated issues asso-
ciated with linkages among markets that are spatially,
temporally, and vertically distinct. These studies are usu-
ally concerned with measurements of market efficiency
(however defined) or market responses to extreme shocks.
Much of this research has addressed market interrelation-
ships among geographically separatedmarkets for a homo-
geneous commodity. This work is often characterized as
evaluations of spatial market integration. A survey of this
research can be found in Fackler and Goodwin (2001)
with specific applications in Adbulai (2000), Tostão and
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Brorsen (2005), Serra et al. (2006), Myers and Jayne (2012),
Chen and Saghaian (2016), andLence et al. (2018). Ongoing
concerns regarding geographic market segmentation and
disruptions in transportation and marketing channels as a
result of COVID-19 highlight spatial price transmission as
an important concern in this context.
A separate but related line of research, that includes

this study, has examined price transmission across th sup-
ply chain. In agricultural contexts, studies of vertical price
transmission concentrate on relationships among farm,
wholesale, and retail prices. Early work in this area used
structural models to describe price behavior in agricultural
markets (Gardner, 1975). A central concern in such studies
is the response of markets to shocks that can occur at one
or all levels of the market. The speed with which prices are
transmitted, the magnitudes of transmission, and nonlin-
ear behavior in price transmission, can be important indi-
cators of market inefficiency. Moreover, they can imply
differences in the welfare impacts of shocks on market
participants.
An extensive survey of the vertical price transmission

literature was undertaken by Meyer and von Cramon-
Taubadel (2004) andmany conceptual issues in price trans-
mission were discussed by Lloyd (2017). Some examples—
in a variety of agricultural settings—include Boyd and
Brorsen (1988), Griffith and Piggott (1994), Cramon-
Taubadel (1998), Azzam (1999), Franken et al. (2011), Ben-
Kaabia and Gil (2007), Ahn and Lee (2015), andHahn et al.
(2016). Examinations of the transmission of shocks among
farm, wholesale, and retail markets for beef and/or pork
were presented by Goodwin and Holt (1999) and Good-
win and Harper (2000). Their research found that impor-
tant asymmetries characterized the transmission of shocks
among different levels of the marketing chain, with farm
prices often realizing negative shocks from other markets
but finding much less response to price increases.
A number of theoretical explanations are consistent

with observed asymmetries and imperfect price pass-
through. These include cost of adjustment (Bailey &
Brorsen, 1989), inventory behavior (Wohlgenant &Mullen,
1987), and policy interventions (Serra & Goodwin, 2003).
Non-competitive behavior can also result in asymmet-
ric price transmission (Abdulai, 2002; Acharya et al.,
2011). Market power is often forwarded as an explanation
for imperfect price transmission; monopsony power has
attracted increased attention as livestock industries have
become increasingly concentrated (Kuiper & Lansink,
2013; McCorriston et al., 1998). However, imperfect price
transmission is only suggestive of the exercise of market
power by market participants (Weldegebriel, 2004). The
ultimate cause of imperfect transmission cannot be ascer-
tained without a structural model which itself would rest
on maintained assumptions or without careful compre-

hension of the institutional details of the markets being
studied.1
Studies of vertical price transmission, and the assign-

ment of asymmetric adjustment to any single cause, are
complicated by the conceptual framework of vertical mar-
kets. Unlike spatially differentiated markets, for which the
underlying commodity is relatively homogeneous, com-
modities undergo transformation as they move from the
farm to retail level. In many cases, the underlying com-
modity is a single input to the production process which
may include other commodities, labor, and the use of cap-
ital equipment; these other inputs are rarely observed.
Because of this difference, the exact causes of imperfect
price transmission in vertical markets are difficult to iden-
tify solely on the basis of model results. The study of ver-
tical price transmission thus requires greater attention to
the specific details of the markets under consideration.

3 ECONOMETRICMETHODS

We first consider the time series properties of the price data
and then estimate models capable of capturing linear and
nonlinear behavior in the transmission of prices. Station-
arity and cointegration (and their alternatives) are statisti-
cal features that characterize time series processes. Many
time series are nonstationary andmust be differenced to be
made stationary; a time series which is differenced d times
to be made stationary is referred to as integrated of order
d. Because the concept of cointegration is defined for vari-
ables with certain stationarity properties, most price trans-
mission studies begin with an assessment of stationarity in
the individual price series. Nonstationary behavior being
confirmed, attention is then directed to cointegration.
We use standard augmented Dickey-Fuller (ADF) tests

to test for the presence of a unit root (i.e., whether the time
series exhibit nonstationary behavior) (Dickey & Fuller,
1979; Said & Dickey, 1984). Studies have shown that the
ADF test can suffer from low power and size distortions
(Schwert, 2002). Test results also depend on lag selection;
rules of thumb are often used to select the number of lags.
Recognizing these drawbacks of the traditional ADF test,
we also implement an efficient unit root test of Ng and Per-
ron (2001). The optimal lag length for the test is selected as
in Ng and Perron (2001) and we use the same chosen opti-
mal lag length in the ADF test.

1 For example, the increasing relevance of captive supplies—cattle owned
or contracted by a processor significantly in advance of processing—has
been alluded to as an institutional factor that may inhibit price transmis-
sion (Chin &Weaver, 2002). Ward et al. (1996) found that captive supplies
exhibited a small but negative impact on fed cattle transactions prices.
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Engle and Granger (1987) introduced the concept of
cointegrationwhich occurswhen twoormore variables are
nonstationary but a linear combination of the variables is
stationary. Consider two nonstationary economic variables
which are linked by a long-run, stable relationship such
that

𝑦𝑡 = 𝛼 + 𝛽𝑥𝑡 + 𝑣𝑡 (1)

with yt and xt representing prices at different levels of the
meat supply chain. Equation (1) shows a standard coin-
tegration relationship where vt = φvt−1 + is referred to
as the error correction term. The behavior of vt deter-
mines whether the variables are cointegrated. Cointegra-
tion implies that the price variables move together in the
long run but may diverge in the short run.
Engle and Granger (1987) suggest a cointegration test-

ing procedure whereby Equation (1) is estimated and the
residuals are tested for stationarity.We implement the aug-
mented Dickey-Fuller test for a unit root in the residuals.
We also test for cointegration using the trace-based test of
Johansen (1991). Engle and Granger (1987) show that if two
variables are cointegrated, as in Equation 1, they can be
represented as a VEC model. The Johansen test is based
on the vector error correction (VEC) representation of the
cointegrated variables. It does not require the two-step pro-
cedure of the test of residuals.
Once stationarity and cointegration tests are complete,

and with confirmation of cointegration, a natural question
is whether price transmission and correction of short run
disequilibria are characterized by nonlinear, asymmetric
behavior. Balke and Fomby (1997) implemented a thresh-
old model to evaluate possible departures from equilib-
rium in a cointegrated system. Nonlinearity tests can be
applied to the residuals of equation 1 to test whether con-
sideration of threshold cointegration is warranted. If the
tests fail to reject linearity, we can model the residuals
using an autoregressive (AR) model and model the coin-
tegrated system as a VEC model.
We implement a total of four tests for nonlinear behavior

(linearity) in the analysis that follows. The first two tests
are based on the theory of neural networks. Neural net-
work models can approximate any nonlinear function to
an arbitrary degree. The test of Teraĺsvirta et al. (1993) relies
on Taylor series expansions of the neural network model.
The second neural network-based test was introduced by
White (1989). It was subsequently compared with several
other tests for nonlinear behavior by Lee et al. (1993) and
found to have favorable statistical properties. The third test
of Tsay (1986) is a Tukey nonadditivity type test. Lastly, we
implement the likelihood ratio test of Chan (1991). This test
compares the null hypothesis of a normal autoregressive
process with the alternative of a threshold autoregression.

Nonlinear behavior in the error correction terms sug-
gests that they do not follow a linear AR process. In par-
ticular, they may be more appropriately characterized by a
self-exciting threshold autoregression (SETAR) model, as
applied in Balke and Fomby (1997). The SETAR approach
allows for asymmetric adjustment to shocks with the error
correction term now following

𝑣𝑡 =

{
𝜙𝐿𝑣𝑡−1 + 𝜀𝑡 ∶ 𝑣𝑡−1 < 𝑇

𝜙𝐻𝑣𝑡−1 + 𝜀𝑡 ∶ 𝑣𝑡−1 ≥ 𝑇
(2)

whereT is the threshold value for the two-regime casewith
regimes L andH. Asymmetric adjustment occurs when φL
is not equal to φH .
Let the VEC model be given by

[
Δ𝑦𝑡
Δ𝑥𝑡

]
=

[
𝜏1
𝜏2

]
+

[
𝛼1
𝛼2

]
𝑣𝑡−1 +

[
𝛽11 𝛽12
𝛽21 𝛽22

] [
Δ𝑦𝑡−1
Δ𝑥𝑡−1

]
+

[
𝜀
𝑦
𝑡

𝜀𝑥𝑡

]
(3)

This representation can also be extended to include
threshold behavior in the fashion of Cramon- Taubadel
(1998) and Goodwin and Holt (1999). The threshold vector
error correction model (TVECM) is

[
Δ𝑦𝑡
Δ𝑥𝑡

]
=

[
𝜏1
𝜏2

]
+

[
𝛼𝐿
1

𝛼𝐿
2

]
𝑣𝐿
𝑡−1

+

[
𝛼𝐻
1

𝛼𝐻
2

]
𝑣𝐻
𝑡−1

+

[
𝛽11 𝛽12
𝛽21 𝛽22

] [
Δ𝑦𝑡−1
Δ𝑥𝑡−1

]
+

[
𝜀
𝑦
𝑡

𝜀𝑥𝑡

] (4)

with two regimes L and H. Note that vL and vH denote the
error correction terms in each of two regimes. Threshold
behavior in cointegration can thus be described by either
a SETAR model of the residuals from the cointegrating
regression or a TVECM.
We use both AR and SETARmodels and VEC and TVEC

models to evaluate the dynamic patterns of price adjust-
ment. Standard and generalized impulse response func-
tions are used to evaluate price behavior. The nature of the
impulse responses depends on the timing, size, and direc-
tion of the shocks. The generalized impulse is given by

GIF
(
𝑦𝑡+𝑗

)
= 𝐸

(
𝑦𝑡+𝑘|𝑦𝑡 + 𝜈,… , 𝑦𝑡−𝑗

)
−𝐸

(
𝑦𝑡+𝑘|𝑦𝑡, … , 𝑦𝑡−𝑗) (5)

Time series models can be described by a number
of different generalizations of impulse responses (Koop
et al., 1996). We consider regime-specific standard impulse
responses which use parameters from each regime for the
threshold models. Generalized impulse responses are also
shown where large numbers of shocks are applied to the
univariate distributions at different points in the data and
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replicated to determine overall patterns for the entire anal-
ysis. This provides inference for the impact of market-wide
shocks.
Lastly, we conduct an event study by comparing pre-

dictions from the econometric models to price behavior
observed under COVID-19. Discussions of the event study
methodology are provided by Campbell et al. (1997) and
Gürkaynak and Wright (2013). Briefly, the approach is to
estimate a model over an estimation window preceding an
event and compare the results of this model to the out-
come variable after the event occurs. In this case, we are
interested in anomalous or abnormal pricemovements. An
abnormal price is defined as one that is higher or lower
than the price expected under the model: in other words,
the forecasted price. In the absence of a sufficient amount
of data following an event, or for an event that has recently
occurred, the event study approach provides a method for
assessing the impact of the event on the price system.
The event study requires selection of an estimation win-

dow and event period through event definition. Event def-
inition may be difficult for a worldwide pandemic such
as COVID-19. COVID- 19 first appeared in late November
2019, but the first case in theUnited Stateswas not reported
until 2020. Moreover, there appears to have been a signifi-
cant lag between the first reported case in the U.S. and any
major economic effects in livestockmarkets. The twomost
immediate COVID-19 related shocks appear to be found
in an increased demand for food at retail and decreased
demand for food away from home in late March and meat
processing plant shutdowns which started to occur in the
middle of April. The second shock appears to have had the
largest effect on prices, possibly because it revealed labor
vulnerabilities in meatpacking operations.
Based on the evolution of the pandemic, and observed

price movements in meats, we take any date before April
1, 2020 as the estimation window. The last data reporting
date in the estimation window is March 28, 2020, several
days before Senator Grassley’s letter on the meatpacking
industry. This is also several weeks before plant shutdowns
were reported. Inclusion of the event period in the estima-
tion window has the potential to bias the estimated mod-
els. The event period cutoff date was robust to the choice of
earlier dateswith similarmodels and results being implied.
An important qualification of the event study imple-

mented here is that the forecasted price is not the price that
would have prevailed, ceteris paribus, without COVID-19.
In fact, it is the price that would have prevailed without
COVID-19 and any other shocks that have occurred dur-
ing the event period. The pandemic has had effects in a
number of markets related to meat retail markets, such
as markets for animal feed. As well, shocks unrelated to
COVID-19 have directly affected meat demand and supply
since April 1, 2020. The event study would only provide

an estimate of the impact of COVID-19 on these markets,
all else equal, if all other shocks could be assumed away
or accounted for in the model. Such concerns are likely
to affect other studies that may seek to use COVID-19 as
a natural experiment. In spite of this limitation in terms
of the counterfactual, the event study still provides insight
into the nature of market adjustments during the COVID-
19 pandemic.

4 DATA

We collected weekly data on wholesale and retail prices of
beef, pork, and chicken.Wholesale prices for beef and pork
composites were provided by the Economic Research Ser-
vice (ERS) and Agricultural Marketing Service (AMS). The
wholesale chicken price was obtained from the Livestock
Marketing Information Center and the National Whole
Broiler/Fryer Report conducted by AMS. We do not ana-
lyze pork and poultry farm prices as most production in
these markets is contracted, making quoted cash prices
misleading or impossible to find.While themajority of beef
cattle are still sold on the open market, the use of produc-
tion contracts in this sector has increased as well.
Retail prices were taken from National Weekly Retail

Activity Reports provided by AMS. These retail reports
consist of advertised retail pricing in major supermar-
kets. Prices underlying the reported price are mostly from
retailer websites. The retail price used in our analysis is
the average price per pound for a beef or pork compos-
ite. The retail price for chicken is the price for a bagged
fryer reported in the AMS National Weekly Retail Activ-
ity Reports. The composite retail prices for beef and pork
are constructed using item level or cut prices. To create the
composites, we used the same approach as implemented
by the ERS in constructingmonthly retail composites from
Bureau of Labor Statistics price data.
Reported prices were combined by week; for example,

a Friday wholesale report is matched with the Saturday
retail report of the same week. Prices at different levels
were missing for a small number of dates. In these situa-
tions, we used cubic spline interpolation to construct the
full set of weekly prices. Even in the most extreme cases,
less than 5% of observations required interpolation. In the
analysis that follows, we consider the beef, pork, and poul-
try datasets to be distinct and all analyses focus on linkages
across market levels for a specific type of meat.
Previous studies have shown that cross-sectional data

aggregation, incorporation of temporary sales prices, and
temporal aggregation can have important impacts on the
results of price transmission studies and their interpreta-
tion. On the last point, temporal aggregation is unlikely
to result in major inconsistencies here because the report
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TABLE 1 Summary statistics for meat price series estimation

Period Event Period
Series Mean St. Dev. Min. Max. Mean St. Dev. Min. Max.
Beef (N = 565)
Retail price 427 38.7 336 516 492 39.9 427 550
Wholesale price 309 45.6 208 402 454 136 316 698

Pork (N = 718)
Retail price 281 29.4 222 369 311 18.8 285 350
Wholesale price 144 22.1 104 228 150 42.4 91.2 227

Note: Beef and pork prices are quoted in cents per pound. Chicken price is quoted in cents per whole fryer.

times differ only by a day and measure the same week.
However, we are aggregating across stores and regions
and the data at the retail level include sales prices. The
implications of cross-sectional aggregation are discussed
in von Cramon-Taubadel et al. (2006). Briefly, they show
that aggregation leads to price transmission dynamics with
slower response than on average at the store level. How-
ever, estimates of long-run equilibria are not affected. In
contrast, incorporation of sales prices will cause price
transmission to appear faster, at least in disaggregated data
(Tifaoui & Von Cramon-Taubadel, 2017). Some additional
discussion and implications of the use of scanner data ver-
sus data collected from the Bureau of Labor Statistics at
different frequencies are provided in Pozo et al. (2021). Our
price transmission dynamics therefore do not correspond
to specific items at the retail level, but to aggregate com-
posites (and a national aggregate for a whole fryer) which
are statistical constructs.
Summary statistics for the price series are shown in

Table 1 with plots of the weekly prices shown in Figure 1.
Note that, although each series has a different number of
observations as determined by data availability, each series
ends on July 4, 2020. To reiterate, we consider the COVID-
19 period to be all dates after and includingApril 1, 2020. As
expected, retail prices are on average higher than whole-
sale prices indicating the presence of a consistently positive
marketingmargin. The wholesale to retail margin, as mea-
sured using the mean prices in the series, is 28% of mean
retail price for beef, 49% for pork, and 18% for chicken in
the pre-COVID period. Wholesale prices are more variable
than retail prices relative to their mean price levels.
Mean prices during the pandemic are higher across

all series except in wholesale chicken. Likewise, standard
deviations are larger in all series except retail pork and
wholesale chicken. As the maximum prices in the beef
series are observed during COVID-19, this may indicate
a comparatively larger shock to beef markets. In contrast
to beef, chicken prices have been historically low at the
wholesale level. The summary statistics indicate general
shocks to all meat prices from COVID-19, but with differ-
ential impacts across and within markets.

Figure 1 shows several general trends in the prices over
time. Prices for all meats, and at all levels of the supply
chain, increased from 2010 to 2015. A large spike in prices
occurred from late 2014 to early 2015. After this increase,
prices moved sideways. There were strong, but short-lived,
spikes in wholesale prices in the COVID-19 period that
do not appear to have been passed through fully to retail
prices. Surprisingly, the wholesale-retail price spread for
beef inverted for most of themonth ofMay, 2020. The plots
provide suggestive evidence of stable price relationships
and market integration prior to COVID-19 with sizeable
shocks occurring in beef and pork as a result of the pan-
demic.
Although we do not observe wholesale prices that are

spatially differentiated, the datasets used to construct the
retail price series contain regional prices for different
meat items of different qualities. While we do not statisti-
cally model price behavior for individual items or regions,
the data permit an exploratory analysis of differences in
price behavior across regions. Beef items are reported as
branded, choice, or other, while there are no quality differ-
ences for the pork items or bagged fryers. As one moves to
lower levels of aggregation, the price series tend to bemore
volatile and many of the beef items do not have a reported
price for certain regions and qualities.
Figures A1 and A2 of the Appendix show weekly beef

prices by region and item and weekly pork and chicken
prices by region and item respectively over 2020. Certain
items lack data for some dates and regions (for instance,
choice boneless sirloin steak). It is important to note that
these item-specific regional prices are not panel data.
Nonetheless, the plots show that prices generally move
together at the item level and show a similar pattern of
movement to the beef and pork composites. Although
there are differences in prices across regions, there is little
discernible visual evidence that COVID-19 had differential
impacts across regions.
There are some differences in price movements across

cuts that could be related to changes in demand due to
the pandemic. In pork, boneless hamprices have remained
flat while prices for assorted chops and sliced bacon
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F IGURE 1 Weekly meat prices [Color figure can be viewed at wileyonlinelibrary.com]

increased over the period. In beef, ground beef prices
returned to levels observed in January, but prices for choice
chuck/shoulder/arm roasts remain elevated. Such price
movements could result from decreased demand for pre-
mium cuts in food service but increased demand for cuts
typically used in home consumption. A useful extension of
this research would be amore detailed assessment of item-
level price movements, which might be conducted using
scanner data to circumvent the limitations of AMSWeekly
Retail Activity reports.

5 EMPIRICAL ANALYSIS

Using the data series for beef, pork, and chicken in the
estimation window, we first test for stationarity of the
individual level price series and of first-differenced prices.
All econometric tests and estimation are conducted using
log prices. As evident from Table A1 of the Appendix,
the individual price series are nonstationary in all cases.

There is some disagreement between the ADF and NP
tests in wholesale pork. Although not reported here, the
first-difference prices are all stationary, indicating that the
individual price series are integrated of order 1. We also
report tests of the contemporaneous log-price differential
between different levels of the market. These differentials
are also stationary; stationarity should be expected, other-
wise the prices at different levels of the supply chainwould
be free towander arbitrarily far apart. In this sense, station-
arity of the price differentials suggests at least some degree
of vertical integration in all three markets and a constant
relative marketing margin.
Table 2 shows the results of the pairwise cointegration

regression in each market and the Johansen trace cointe-
gration test. In each case, the logarithmic wholesale price
is regressed on the logarithmic retail price. All of the
ADF tests of the residuals are significant at the 5% level.
The Johansen tests indicate a single cointegrating vector.
The results indicate cointegration in all markets imply-
ing that VEC models are appropriate for modeling these



RAMSEY et al. 449

TABLE 2 Pairwise Cointegration Regression, ADF Test, and Johansen Test

Intercept Slope R Squared ADF Test Johansen
Market Estimate Std Error Estimate Std Error Stat p Value r = 0 r < = 1
Beef
Wholesale—Retail −3.40 .18 1.51 .03 .82 .99 .01 79.38 5.88

Pork
Wholesale—Retail −.71 .21 1.01 .04 .51 .68 .02 66.06 6.05

Chicken
Wholesale—Retail 1.62 .19 .61 .04 .28 .70 .01 69.45 12.98

price series. All three markets have relatively strong rela-
tionships between wholesale and retail prices with high R-
squared values. The price transmission elasticity for beef
in Table 2 is greater than 1. This is indicative of overshoot-
ing in adjustments to price shocks at thewholesale level. In
contrast, the price transmission elasticity in the pork mar-
ket is near unity while that of the chickenmarket is inelas-
tic.
A key insight in Gardner (1975) is that the elasticity of

price transmission depends on changes in demand and
supply at different levels of the market. The sign and mag-
nitude of the price transmission elasticity can be related
to different underlying economic forces. These ideas are
further developed in an insightful article by Kinnucan
and Zhang (2015). Although Gardner (1975) and Kinnu-
can and Zhang (2015) work in the space of the farm-retail
price spread, many of their arguments are applicable to
the wholesale-retail price spread, particularly in pork and
chicken where contracting causes the farm price to be less
meaningful. Two major points raised are that (1) perfect
price transmission does not generally imply that the elas-
ticity of price transmission is one and (2) an elasticity of
price transmission near zero is not sufficient to imply non-
competitive pricing. Gardner (1975) found that no simple
markup pricing rule can accurately depict the relation-
ship between the farmand retail price.Weldegebriel (2004)
concludes “it is not generally possible to attribute low (or
high) values of the price transmission coefficient tomarket
power”.
Recent research has noted that price transmission along

different levels of the production andmarketing chainmay
be influenced by the degree of competition that exists in
markets, although the nature of these influences remains
unclear. Increasing market power in meat markets has
drawn considerable attention in recent years, both from
researchers and from legislators. Concentration concerns
may exist at the processing level or at the retail level and
both aspects of market power have been noted in an exten-
sive literature. A consistent result that emerges from this
large body of research is that market power, returns to

scale, and the degree of input substitution, concepts which
are often intertwined, can influence vertical price trans-
mission (see, for example,Weldegebriel (2004), Lloyd et al.
(2009), and McCorriston et al. (2001)).
Kinnucan and Zhang (2015) further note that the often-

assumed transmission elasticity of 1.0 between absolute (in
levels) farm and retail prices requires perfect competition
as well as other rigid assumptions, including a lack of tech-
nical change and constant costs of marketing inputs. They
also note that these implications for the absolute farm-
retail price margin do not carry over to proportional price
comparisons, as is the case in our analysis. Thus, we do
not attempt to interpret our empirical estimates as reflect-
ing competition (or the lack thereof) or industry struc-
ture but rather use them to predict prices in the COVID-
19 period. These predictions, when compared with price
movements during the pandemic, speak to the adjustment
of the meat industry to shocks and resilience to economic
disequilibria regardless of the underlyingmarket structure.
Our empirical approach can be viewed as a reduced form
that utilizes lagged prices and price changes over time to
characterize the relationships among wholesale and retail
prices.
Bearing in mind that the elasticity estimated here is that

of the wholesale price with respect to the retail price (i.e.,
for a price transmitted down the supply chain), the elastic-
ities share some similarities with those estimated in pre-
vious literature. Regressing the logarithmic retail price on
both logarithmic wholesale and farm prices, Goodwin and
Holt (1999) found beef price transmission elasticities to be
inelastic, while Goodwin and Harper (2000) found pork
elasticities near unity. These are largely consistentwith our
results. Similarly, Fousekis et al. (2016) find inelastic price
transmission fromwholesale to retail in U.S. beef. Employ-
ing several structural break tests for different regimes in
U.S. beef and pork, Boetel and Liu (2010) also find inelas-
tic price transmission elasticities for beef when regress-
ing retail on wholesale and farm prices. The elasticities
for pork are slightly larger and closer to unity. The long
run elasticity for broilers is quite different from previous
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TABLE 3 AR and SETAR Estimates

Intercept AR(1) AR(2)
Series Estimate Std Error Estimate Std Error Estimate Std Error
Beef
Wholesale—Retail .0002 .0077 .5781 .0414 .1719 .0416

Pork
Wholesale—Retail −.0011 .0165 .7896 .0371 .0965 .0372

Chicken
Wholesale—Retail Low regime −.0042 .0030 .4618 .0496 .3397 .0438

High regime .01423 .01872 .6341 .1346 .1730 .0919

Note: Chicken threshold is .1075.

findings by Bernard and Willett (1996) who found whole-
sale to retail price transmission to be inelastic.
Having confirmed cointegration in all markets, we then

test for nonlinear behavior in the error correction term.
Tests of the residuals from the cointegrating regressions are
in Table A2 of the Appendix. Linearity cannot be rejected
at any conventional level of significance for beef and pork.
The evidence in chicken is mixed with three of four tests
failing to reject symmetry and a fourth rejecting symmetry
at the 1% level. Nonlinearity conditions have implications
for the models considered below, namely differences in
transmission and adjustment across the different regimes
indicated by thresholds. Based on results in Table A2, and
in the interest of parsimony unless indicated otherwise, we
use linearmodels for the beef and porkmarkets and a non-
linear model in the chicken market.2
For the threshold model in the chicken market, it is

necessary to test for the number of thresholds. This is
a particularly difficult problem in the VEC framework if
one wishes to consider more than two or three regimes
(Hansen & Seo, 2002). Table A3 of the Appendix gives
the results of specification tests for the number of thresh-
olds in the SETAR model of the cointegration equation
residuals. The tests are—respectively—tests of the null
of no threshold vs. one threshold, no threshold vs. two
thresholds, and one threshold vs. two thresholds. The
results of the tests weakly favor a single threshold in
chicken.
We selected the lag order of each model by compar-

ing the Bayesian information criterion for up to four lags.
The final specifications are AR(2) and VEC(2) for beef,
AR(2) and VEC(2) for pork, and SETAR(2) and TVEC(1)
for chicken. The qualitative results did not appear to be
sensitive to the choice of lag order. Market integration is
supported when shocks to the price differential are tem-
porary and eventually return to zero and shocks to indi-
vidual prices cause equilibrating responses at other lev-
els of the supply chain. Evidence for the degree of mar-
ket integration is contained in the estimated time series
models.

Estimated parameters of the AR and SETAR models
are given in Table 3. The autoregressive parameters are
of interest; the larger is the estimated AR parameter,
the slower will be the adjustment to shocks in the price
differential equilibrium. TheAR(1) terms are larger in pork
compared to both beef and chicken. All AR parameters
are statistically significant indicating statistically signifi-
cant temporal relationships among the prices. Likewise,
the coefficients are all statistically different from 1, which
would represent a total lack of adjustment to deviations
from the long run relationship. In the SETAR model for
chicken, the regimes are distinguished by the speed of
adjustment over the two periods. In the low regime, the
AR(1) term is smaller compared to the high regime while
the AR(2) term is larger. We observe relatively quicker
adjustment in the low regime.
The VECM and TVECM estimates are shown in

Table A4 of the Appendix and indicate significant dynamic
relationships among the price series. The coefficients on
the error correction terms are generally much larger at
the retail level than at wholesale. Orthogonalized impulse
response functions for the beef, pork, and chicken models
are shown, respectively, in Figures 2 and 3. The impulse
responses for beef and pork are quite similar. Shocks to
wholesale prices tend to take longer to die out. Like-
wise, the beef market reacts more quickly compared to the
pork market. Although the shocks bring about permanent
changes in price levels, certainly possible with nonstation-
ary prices, shocks to beef and pork mostly die out within a
period of 8–12 weeks. In contrast to earlier work by Good-
win and Holt (1999), shocks at the retail level trigger price
adjustments at wholesale, and vice versa.
The TVECM for chicken shown in Figure 3 shows

impulse responses where the thresholdmodel admits non-
linear adjustment. Major differences in the two regimes

2 Note that the threshold-based linearity tests involve a consideration of
the similarity of estimated parameters across the regimes delineated by
the thresholds. Applying a threshold model to a linear case will cause
a loss of statistical efficiency, but the estimates and predictions remain
consistent.
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F IGURE 2 Beef and pork VECM orthogonalized impulse response functions [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 3 Chicken TVECM orthogonalized impulse response functions [Color figure can be viewed at wileyonlinelibrary.com]

are evident. In both regimes, shocks to the wholesale price
trigger movements in both wholesale and retail prices.
Shocks towholesale prices, however, do not generally pass-
through to retail prices.While they respond to some degree
in the low regime, there is no response in the high regime.
Responses to shocks are mostly faster than responses in

pork and beef, possibly reflecting the time required to
bring a fryer to market as compared to cattle and hogs.
Responses to retail shocks conclude around 2–5weeks. The
regimes delineate very different response times to whole-
sale shocks.Adjustment in the high regime takes anywhere
from 2–5 weeks, while adjustment in the low regime is
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much slower and estimated with a high degree of uncer-
tainty.
We also considered generalized impulse response func-

tions (GIRF) for the TVECM model of chicken whole-
sale and retail markets. The GIRFs are illustrated in
Figure A3 of the Appendix. The GIRFs were determined
using 100 replications over 250 different histories and 500
different shocks drawn from the residuals. We considered
‘economy-wide’ shocks, meaning that both markets were
shocked using contemporaneous draws from the residuals.
The impulses indicate that both retail and wholesale mar-
kets take several weeks to fully respond to economy-wide
shocks, with the wholesale market responding slightly
faster than is the case for retail markets. Densities of the
replicated GIRFs (Figure A3) do not show convergence as
the periods after the shocks are increased. The distribu-
tions of shocks for 1, 5, and 10 weeks show a similar degree
of volatility, suggesting that the prices do not tend to settle
to similar long-run equilibria for the different histories and
shocks.
The parameter estimates from both models and the

impulse responses indicate wholesale-retail markets that
are well-integrated. Shocks to both retail and wholesale
prices elicit price responses at other levels of the sup-
ply chain. Although the speed of adjustment depends on
where in the price system an impulse occurs, almost all
adjustments are completed within a period of 3 months.
Assuming that COVID-19 does not induce changes in the
degree of market integration, we might expect COVID-19
related shocks to generate large responses in both retail
and wholesale prices regardless of the originating level of
the market.
In addition to the bivariate models, we also estimated a

joint system containingwholesale and retail prices for each
of the three meat products. This allows for the spillover of
shocks across different commodity markets. We also used
the joint system of six prices to forecast post-COVID prices
using pre-COVID data. Following the approach used with
the three commodity-specific systems of wholesale and
retail prices, we utilized a vector error correction model
with two lags. Johansen tests of cointegration revealed
multiple (3 to 5) cointegrating relationships among the six
prices. In light of the relatively weak support for nonlin-
earities in the bivariate chicken model, and likewise a fail-
ure to reject linearity using residuals from a regression of
wholesale chicken prices on all the other prices, we utilize
a standard linear VEC model.
Orthogonalized impulse responses were generated to

evaluate the dynamic paths of price adjustments. These
are presented in the Appendix in Figures A5, A6, A7, A8,
A9, and A10 and we discuss the results here. Shocks in
the chicken wholesale market evoke responses in whole-

sale markets for beef and pork, thus indicating a degree of
spillover across commodities. Retail markets for beef and
pork do not respond to wholesale chicken price shocks. An
exogenous shock to retail chicken prices evokes a modest
effect on retail beef prices and a negative but small effect
on beef wholesale prices.
Exogenous shocks to beef wholesale prices evoke

responses in chicken and beef retail markets, but do not
affect wholesale prices for chicken and pork. A shock to
retail beef prices evokes a permanent increase in chicken
and beef retail prices but does not affect any of the whole-
sale prices. A shock towholesale pork prices does not affect
any of the other markets. A shock to pork retail prices
causes a small but permanent increase in chicken retail
prices and a larger increase in pork retail prices. The results
are generally similar to those revealed for the individual
commodity markets, though a modest degree of spillover
of shocks exists in some cases.
Based on the estimated VEC and TVEC models, we

next conduct an event study of the impact of COVID-
19. After obtaining the parameter estimates for the mod-
els, we forecast changes to the price series from April
1, 2020. The results of the event study are shown in
Figure 4. Clearly, prices observed during COVID-19 are far
outside of their forecasted levels. Most largemovements in
beef and pork occurred in May, and to some extent June,
while movements in chicken are mostly confined to April.
Price increases in the COVID-19 period appear to occur in
the wholesale market prior to changes in the retail mar-
ket. Similar results are obtained for the multivariate VEC
model shown in Figure A4 of the Appendix, although the
forecast for chicken increases slightly instead of remaining
flat as in the bivariate models.
The beef market, particularly at the wholesale level,

had the largest increase in prices over the period. In May,
the normal price relationship inverted and the wholesale
price exceeded retail for 5 weeks. The largest difference
occurred in theweek endingMay 15, 2020when thewhole-
sale beef price was 93% larger than its expectation. There is
a decrease in prices in early April, possibly from decreased
demand due to declining consumption through restau-
rants and other outlets. A secondmajor shock occurs in the
middle of April when widespread plant closures occurred.
The major increases in values in beef and pork coincide

with sharply decreasedmeat production reported byUSDA
and ERS. Weekly slaughter values of beef, pork, and poul-
try are shown in Figure 5. Federally inspected cattle and
hog slaughter was up in March 2020, compared to earlier
in the year. April saw a decline in slaughter of about 24%
in beef and 21% in hogs. By June, beef slaughter had recov-
ered to levels earlier in the year. Pork slaughter continued
to decline intoMay, but increased in June. The coincidence
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F IGURE 4 Expected price movements and actual price movements under COVID-19 from bivariate models [Color figure can be viewed
at wileyonlinelibrary.com]

of decreased slaughter with abnormal price movements
indicates that the second, April shock from COVID-19 was
largely a supply-side shock. However, we cannot rule out
the possibility that it may also have partially arisen from
increased purchasing of meat from consumers in response
to news of possible shortages.
Chicken appears to be an exception to the trend of

increasing prices observed in the beef and pork markets.
Wholesale prices for chicken fell throughout April and
May at the same time that chicken slaughter was down.
Retail prices also fell in April and May, enough to trigger
a shift in regime in the TVEC model, but were close to
forecasted levels by June. Moreover, the price movements
observed in chicken throughout the period are well within
previous trading ranges.
To put the price changes into perspective, at their high-

est levels, beef and pork retail prices exceeded the pre-
dicted values by $3.36 per pound and $3.23 per pound,
respectively. Figure 4 illustrates these extreme price move-
ments. In contrast, retail chicken prices fell, but by amuch
more modest amount that at its greatest was $0.31 per
pound. Using weekly meat production statistics from the
AMS, this suggests an increase of $6.8 billion in beef expen-
ditures and $5.6 billion in pork expenditures and a decrease
of $11.4 million in chicken expenditures over the post-
COVID outbreak period evaluated here (April 4–July 4,

2020) in the U.S.3 Thus, consumer outlays for these meat
commodities increased significantly after the COVID out-
break, but returned to normal levels by late August.
Prices have largely returned to, or are returning to,

expected levels. All wholesale prices are below forecasts as
of July, with chicken lower throughout the event period.
Moreover, the speed with which the supply shocks were
transmitted through the markets is consistent with the
speed of price transmission observed in the estimated
models. In beef and pork, the early COVID-19 shocks
lasted roughly 1 to 2 months while the estimated models
show shocks dying out within 2 to 3 months. This sug-
gests that immediate shocks of COVID-19—likely arising
through supply channels—are transitory. The U.S. meat
system appears to be resilient given the quick recovery
of prices in the face of an unprecedented pandemic.
Resilience in the face of supply disruptions is a key part
of the overall resilience of the food system as defined by
Orden (2020). Our findings contrast with other studies that
have suggested that the COVID-19 pandemic has exposed

3 Unpublished data taken from weekly reports of the AMS indicated that
3234 loads of beef and 6284 loads of pork, with each load corresponding to
40,000 lb, were produced during the secondweek of August 2020. During
the same week, 41.8 million lb of broilers and fryers were produced.



454 RAMSEY et al.

F IGURE 5 Weekly livestock slaughter

weaknesses throughout the U.S. food supply chain
(Chenarides et al., 2021).

6 CONCLUSION

We assess the impact of COVID-19 and model price trans-
mission in U.S. beef, pork, and poultry markets. Our anal-
ysis is based on weekly price data at wholesale and retail
levels. The frequency of the data permits an event study
of the impact of COVID-19 that compares realized prices
to prices predicted by the time series models. We use lin-
ear and threshold autoregressions (AR) and vector error
correction (VEC) models to characterize the behavior of
prices. Thesemodels allow for nonlinear price adjustments
if warranted.
Meat prices at all levels of the supply chain are non-

stationary in levels but are cointegrated within each mar-
ket. The beef and pork series are modeled with AR and
VEC models, while the chicken market is described with

SETAR and TVEC models. Model parameters indicate
well-integrated beef, pork, and poultry markets across the
retail and wholesale levels. We find abnormally large price
movements as a result of COVID-19. However, the timing
and direction of these movements differs by market. The
largest discrepancies occur in May and June for beef and
pork and April and May for chicken. In general, whole-
sale prices appear to have reacted more quickly to COVID
shocks. Prices returned to forecasted levels by June and
July indicating that the supply shocks to meat markets
from COVID-19 are largely transitory.
As time passes and more data on prices during and after

the COVID-19 pandemic become available, attention may
be turned to testing for structural change in the time series.
Likewise, the nonlinear models in this analysis could be
extended in several directions. These include smooth tran-
sition models of the type discussed in Teraĺsvirta (1994).
The Bayesian paradigm may also offer some conceptual
advantages. Bayesian error correction and threshold mod-
els are developed and applied in Balcombe (2006), Greb
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et al. (2013), and Balcombe and Rapsomanikis (2008). It
may be possible to incorporate measures of COVID- 19
prevalence into the econometric models instead of using
event dates specified by the analyst. All of these exten-
sions could involve modeling the entire time series inclu-
sive of the COVID-19 period. Measurements of supply and
demand could be incorporated in structural models to pro-
vide explanations for some of the questions raised in this
analysis. For instance, why were chicken prices mostly
immune to labor related price increases when chicken pro-
cessing plants were affected by COVID-19?
The results of this study suggest a resilient U.S. livestock

sector. The COVID-19 pandemic has had significant effects
on many aspects of the American economy. Baker, Bloom,
et al. (2020) show that no infectious disease outbreak of the
20th and 21st centuries had as large an impact on the U.S.
stock market as COVID-19. Making some simple assump-
tions about the nature of the infection, Alfaro et al. (2020)
report that a doubling of predicted infections is associated
with a market value decline in equities of between four
and eleven percent. In spite of the unprecedented magni-
tude of COVID-19 shocks, price adjustments by livestock
retailers and wholesalers have prevented widespread meat
shortages and high prices at retail do not appear to be sus-
tained.
The question for policymakers is whether interven-

tion is necessary in light of observed COVID- 19 impacts.
As noted by Orden (2020), there is potential for detri-
mental changes in policy based on the fragility inher-
ent in a highly integrated global economy. Laborde et al.
(2020) suggest that food securitymight be preservedworld-
wide if governments act alongside market participants
to provide institutional frameworks for markets to work.
Policies should facilitate the market process and avoid
disrupting the functioning of markets. There are many
innovations being adopted, and largely driven by mar-
ket participants, that can improve supply-chain resilience
even further (Reardon, Swinnen, et al., 2020). This study
paints a picture of a U.S. meat processing and retail-
ing industry that is both efficient and resilient in times
of crisis. We therefore conclude that any actions taken
with respect to U.S. meat markets should be carefully
considered.
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