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Abstract
This study connects Mexico’s imports of U.S. broiler meat with its imports of feed products. Two demand
systems for Mexico are estimated: a two-stage Almost Ideal Demand System (AIDS) model for broiler meat
and a demand for feed derived from a translog cost function representing the production of Mexican chick-
ens. The models are estimated using data from 1997 to 2016. Given a change in policy where Mexico
completely replaces U.S. broiler meat imports, the imports of U.S. feed products will increase. If
Mexico does not completely replace U.S. imports with domestic broiler production, our model suggests
that Mexican imports of U.S. feed fall.
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1. Introduction
Mexico is a major producer of both poultry and corn. Over the past decade, Mexico has also be-
come the largest destination for exports of U.S. broiler meat and corn. In 2015 and 2016, Mexico
accounted for almost 22% of U.S. broiler meat exports and about 28% of U.S. corn exports, rep-
resenting more than $550 million in U.S. broiler exports and $2.3 billion in U.S. corn exports.
Mexico’s production of corn consists primarily of white corn, which is used in tortillas, corn flour,
and other products for human consumption (U.S. Department of Agriculture, Foreign Agriculture
Service [USDA-FAS], 2000–2015). In contrast, Mexico’s chicken and pork industries use yellow
corn, which is mostly imported from the United States, to grow out or finish animals.

Soybeans and soymeal are also imported from the United States. From 2010 to 2014,
these imports averaged $2.5 billion a year and $660 million a year, respectively. Unlike the
United States, Mexico uses a significant amount of sorghum as animal feed. Despite having a
robust sorghum industry within Mexico, on average from 2010 to 2014, Mexico imported
$750 million worth of sorghum from the United States. Most of Mexico’s feed imports were used
in the growing poultry and hog industries.

U.S. exports of broiler meat and animal feed to Mexico grew considerably following the im-
plementation of the North America Free Trade Agreement (NAFTA; see Table 1). Mexico’s con-
sumption of chicken products rose from 1.7 million tons in 1997 to more than 4.1 million tons in
2016, while Mexico’s production of broiler meat rose from 1.5 to 3.3 million tons. Over this pe-
riod, broiler meat imports rose from 160 to 820 thousand tons per year, most of which was
imported from the United States.1 Similarly, from 1996 to 2016, Mexico’s corn production rose
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1Mexico primarily imports dark meat from the United States in the form of leg quarters.
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from 19 million tons to 25 million tons a year, as corn imports from the United States grew from
3.1 million tons to 13.3 million tons.

Recently, several issues have surfaced that could influence U.S./Mexican trade in chicken and
feed products. In 2015, avian influenza (AI) broke out in the turkey and chicken industries across
the midwestern region of the United States. Migratory bird flocks from Asia were the most likely
sources of contamination. In response to the AI outbreak, 34 countries discontinued imports of
U.S. poultry products from various regions of the United States. In early 2017, another strain of AI
(H7N9) was detected in Tennessee but was quickly contained. If another major outbreak of AI in
the United States occurs, Mexico’s imports of U.S. poultry products could be limited or possibly
eliminated.

A second factor is the uncertainty over Mexican and U.S. trade policies. A change in trade
policy between the two countries could lead Mexican food importers to diversify their source
of broiler meat and corn imports. Related to this is the rising consumption of meat products,
which has provided an impetus for Mexico’s chicken industry to expand, modernize, and grow
more of its own yellow corn.

A third issue that could disrupt U.S./Mexican trade of chicken products is Brazil’s growing role
as a poultry exporter. Although Mexican imports of Brazilian corn have remained small, Mexican
imports of Brazilian chicken meat have grown significantly in recent years. Improvements in
Brazil’s roads and ports may soon allow Brazil to export agricultural products from northeastern
regions of the country, potentially reducing the cost of shipping to the Mexican markets (Allen
and Valdez, 2016).

Any of these changes could influence U.S. exports of broiler meat and feed products to Mexico.
To measure possible impacts requires one to identify and quantify the factors that determine
Mexico’s demand for U.S. broiler meat. In addition, it requires one to quantify the relationship
between Mexico’s own chicken production, its feed use, and imports of feed grains.

This article evaluates the impacts of Mexican policy and market changes on imports of U.S.
broiler meat and U.S. feed products. Two sets of demand models are estimated. First, a model of
Mexico’s demand for broiler meat is estimated, which includes differentiating demand by its
source. Second, a system of input demand equations, derived from a Mexican cost function
for chicken production, is estimated. Imported feed demand equations are contained in the input
demands. A price/marginal cost markup equation for chicken production is estimated as well.
Parameters from this equation are used to connect the two sets of demand equations (broiler meat
demand and input demands). Factors that influence Mexico’s purchases of domestic broiler meat
are related to imports of U.S. feed products, which allows us to calculate how Mexico’s policy
decisions affect exports of U.S. broiler meat and feed products to Mexico.

The next section briefly discusses output and input trade. This is followed by a discussion of
Mexico’s demand for broiler meat, including specification of an Almost Ideal Demand System
(AIDS) model. A subsequent section sets up feed demand equations by specifying the cost
and marginal cost function for Mexican chicken production. Afterward an empirical section
reports estimated buyer demand models, input demand models, and simulated impacts arising
from changes in Mexican policy and other factors. A conclusions section sums up our results.

2. Output trade and input trade
Theoretically, the benefits of trade can be obtained by exchanging either outputs or inputs
(Mundell, 1957). In Mundell’s (1957) two-sector, two-factor, two-country model, trade in inputs
substitutes for trade in outputs. Using a similar two-by-two-by-two model, but altering the rea-
sons for trade, Markusen (1983) showed that output and input trade can be complements.
Markusen showed that if countries have different production technology or preferences, or if gov-
ernments provide input subsidies to farmers, and if there are no constant returns to scale in pro-
duction, movements toward input price equalization will not automatically occur when only
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outputs are traded between two sectors and two factors in a two-country model (Mundell, 1957).
Rather, the level of both input trade and output trade must increase for output prices to equalize,
while both countries’ input prices also move toward equality. Increases in output trade can in-
crease input trade and vice versa. Later studies (Markusen, 1997; Samuelson, 2001; Markusen,
Rutherford, and Tarr, 2005) continued to claim that trade in outputs and inputs or intermediate
goods can complement each other.

Typically, countries have multiple trading partners, each having many economic sectors where
a large number of inputs are exchanged, some mobile across sectors and others specific to a sector.
Given these real-world complexities, trade outcomes may not always adhere to the predictions of
simple economic theory. It is particularly difficult to capture the fundamentals inherent in
Mexican-U.S. trade, which can involve two-way trade of multiple levels of intermediate goods
(Baldwin and Lopez-Gonzalez, 2015).

Although economists agree that output and input trade produce similar effects over the long
run, the effects of input and output trade are not necessarily equivalent in the short run. For ex-
ample, if Mexico were to suddenly import all of its broiler meat (an output or intermediate good)
from the United States, chicken producers in the United States would immediately benefit. U.S.
feed producers may benefit later as demand for chicken feed within the United States increases.
The point is that in a complex economy with many sectors, even if the benefits of output and input
trade were approximately equal, the gains from either form of trade would be distributed differ-
ently across the agricultural sector and regions of the United States.

In any case, economic theory could be used to argue that Mexican imports of feed would shrink
if Mexico were to import more broilers (Mundell, 1957). Yet theory could be used to argue the
opposite—that an increase in Mexico’s broiler meat imports would increase Mexico’s imports of
feed products, if there are country differences in production technology, if there are input subsi-
dies in either country, or if consumers’ preferences are different (Markusen, 1983). Therefore,
empirical analysis is required to determine how Mexico broiler imports influence imports of feed
products and how U.S. agriculture might be affected by changing trade between Mexico and the
United States. To empirically explore these relationships, we first start with Mexico’s demand for
broiler meat.

3. Mexico’s demand for chicken meat
Rising incomes and rapid urbanization in Mexico contributed to a more than 100% increase in
chicken meat sales from 1997 to 2016. The bulk of these sales, between 80% and 90%, came from
chickens grown in Mexico. Imports from Brazil and the United States represent the remaining
purchases of chicken meat, the U.S. accounting for more than 95% of the imports.

U.S. exports consist primarily of leg quarters and mechanically deboned chicken meat,
whereas all cuts from birds are produced in Mexico (Hayes, 2012; USDA-FAS, 2015). Market
participants claim that domestic Mexican broiler meat is fresher, comes from smaller chickens
with identifiable yellow skin, is cut differently, and is easily distinguished from imported chicken.
A wide variety of market participants (retailers, processors, consumers, producers, and whole-
salers) determine which type of broiler meat to purchase, but each market participant faces a
similar choice.

Beginning with Burgess (1974), a number of studies have portrayed imports as intermediate
goods (Berns, Johnson, and Yi, 2011). Our analysis uses a single cost minimizing framework
(Burgess, 1974; Lee, Nicita, and Olarreaga, 2008) to portray Mexican buyers’ choice of imported
or domestic chicken products, a decision that can be depicted as follows:

Min : Yim;1pim;1 � Yim;2pim;2 � Ydm × Cu 1;w� � : s:t:F�Yim;1;Yim;2;Ydm� ≥ YCK ;Yim;Ydm; (1)

where Yim,i (i= 1, 2) represents broiler meat imports from the United States and Brazil, respec-
tively. Ydm represents Mexico’s domestic chicken production, and pim represents the prices of
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imported chicken. Cu(1, w) is a measure of per unit production costs of broiler meat, which is a
function of a vector of input prices w. In Mexico, chicken producers’major inputs are feed grains.
F(Yim,1, Yim,2,Ydm) is a function that translates imported and domestic chicken products into the
desired level of production YCK.

The choice problem in equation Eq. (1) represents a demand decision faced by buyers of broiler
meat. For exposition purposes, the domestic price is replaced by per unit costs. Assuming constant
returns to scale per unit costs (average costs) equal marginal cost allows us to substitute the mar-
ginal cost of broiler meat production for Mexico’s price of broiler meat. The substitution between
marginal cost and price is meant to emphasize the role imported feeds play in determining
Mexico’s broiler meat prices.

The constraint in equation (1) ensures that the desired level of the chicken product is attained.
A buyer decision can be used to obtain the demand for Mexico’s imports and domestic broiler
meat:

Yim;1�C�
u ; pim;1; pim;2;Ytck� (2a)

Yim;2�C�
u ; pim;1; pim;2;Ytck� (2b)

Ydm�C�
u ; pim;1; pim;2;Ytck�: (2c)

In a later section, we relax the constant returns to scale assumption and allow for price markups to
exceed marginal cost.

The previous demand equations represent Mexico’s consumption of chicken meat from three
sources: Brazil, the United States, and the domestic market. These equations are general enough to
represent purchasing decisions for consumers, wholesalers, and processors. We do not identify the
stage at which the decision between purchases of imports and domestic chicken is made. That is,
somewhere in the marketing chain, there are buyers that must make the decision between import-
ing foreign broiler meat or purchasing domestic broiler meat.

3.1. Specifying demand equations

To estimate demand, we assume that Mexico’s buyers practice multiple stage budgeting (Deaton
and Muellbauer, 1980). We first estimate Mexican demand for the sum of broiler meat from all
sources. This represents an upper stage demand equation, which is specified as follows:

ln�Qti� � ao � a1 ln Pchk� � � a2 ln Pbf
� �� a3 ln�Prk� � a4 ln GNP� � � a5Tr1=2; (3)

where Pchk, Pbf, and Prk are the Mexican prices of chicken, beef, and pork, respectively. GNP is the
Mexican gross national product, which serves as a combined income and population variable. The
final variable is the square root of the trend variable that is used to capture the growth in broiler
meat demand arising from factors such as urbanization. To represent the lower stage demand,
expenditure share equations for U.S., Brazilian, and Mexican chicken meat are specified as an
AIDS model. Share equations are

si � si:t�1 � γ i �
X3
j�1

γ ij ln�Pj� � βiE ln

�
E
Ps

�
� αi ln�Exr�; (4)

where si is the share of the demand for broiler meat from source i (sources: United States, Mexico,
Brazil). si,t−1 is a one period lag share to capture habitual purchases by Mexico’s buyers. Pj is the
price from each source, E is the total expenditures on broiler meat from all sources, Ps is the Stone
price index consisting of share weighted average of source prices, and Exr is exchange rate. If the
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coefficient of exchange rate does not equal the sum of coefficients on prices, then the exchange rate
should be used as a separate variable. This means that the buyers would react differently to an
exchange rate change than price change.2

Standard restrictions of homogeneity
P

3
j�1 γ ij � 0 and symmetry γij= γji are typically im-

posed on share equation parameters. When estimating a share based demand system of equations,
one equation is dropped from the system because the expenditure shares in the system add to 1.
Deaton and Muellbauer (1980) and a number of subsequent studies describe the AIDS model and
method for calculating demand elasticities (i.e., Green and Alston, 1990).

4. The demand for feed inputs
Mexico’s buyers, represented by the abovementioned demand system, influence Mexico’s out-
put of broiler meat (and chickens), which in turn influences demand for feed products. This
section derives the demand for feed products used in Mexico’s chicken production. A translog
cost function (Ball and Chambers, 1982; Grisley and Gitu, 1985) for Mexico’s chicken
production is specified and used to derive input demand equations. Input demands for poul-
try production include feed equations that can be used (along with a price/marginal cost
equation) to estimate the impact of changes in Mexico’s chicken production on imports
of feed.

Mexico’s feed imports are used primarily to help supply its feed requirements for the
domestic poultry and pork industry. A small amount of imported feed is used in the dairy
industry and to a lesser degree in the beef industry. Because Mexico’s cattle consume a small
amount of feed (Juarez, 2015), we include only chickens and pigs in the translog cost function.
The swine output variable is used to sift out feed demand that is not attributable to the pro-
duction of chickens.

USDA-FAS Global Agriculture Information Network (GAIN) publications (Hernandez and
Hernandez, 2015; Hernandez and Parrish, 2017) claim that feed represents approximately 65%
to 72% of the cost of Mexico’s chicken production. The three major feeds in poultry and pig pro-
duction are yellow corn (most of which is imported from the United States), sorghum, and
soybean/soymeal (Hernandez and Parrish, 2017).3 Subtracting U.S. corn imports from
Mexico’s consumption of feed corn (USDA-FAS, 2016) shows that Mexico’s domestic corn
accounts for a small but growing percent of total feed consumption. Mexico’s imports of corn
are assumed to be an excess demand, and it is assumed that domestic production is fixed. The
premise behind this statement is consistent with how most trade models treat imported products
(see Bredahl, Meyers, and Collins, 1979; Lopez and Matschke, 2006).

In the period prior to and immediately after the NAFTA agreement, the Mexican poultry in-
dustry experienced significant consolidation driven by large vertically integrated firms. According
to Mayer (2002), by 2002, 71% of poultry production was carried out on farms with more than
100,000 birds. The technology used in these production facilities is similar to that used in the
United States. When estimating a translog cost function for the U.S. turkey industry, Grisley
and Gitu (1985) included electricity, feed, and poults (baby chickens). Given the similarity in pro-
duction technology, we also included prices representing these two inputs in our cost function.
Our translog cost function was specified as

2The exchange rate effect is implicitly contained in the price response variables. Because the data are in logs, if the coeffi-
cient of exchange rate does not equal the sum coefficient on price changes, buyers react differently to an exchange rate–
induced change, which is what we found.

3A small amount of Mexico’s white corn goes to the feed industry, but most is used for tortillas.

290 Carlos Arnade and Christopher G Davis

https://doi.org/10.1017/aae.2018.33 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2018.33


lnC � αo � α1 ln Y1� � � α2 ln Y2� � � γ1 ln X1� � � γ2 ln X2� � � γ3 ln X3� �

�
X6
i�1

βi ln wi� � � γ12

X3
k�1

:
X3
h�1

γkh ln Xk� � × ln Xh� ��
X3
k�1

:
X5
j�1

θij ln X1� � × ln�wj�

� 0:5 ×
X6
i�1

:
X6
j�1

βij ln wi� � × ln�wj� �
X6
i�1

βiy1 ln wi� � × ln�Y1�

�
X6
i�1

βiy2 ln wi� � × ln�Y2� �
X3
k�1

μk1 ln�Xk� ln Y1� �

�
X3
k�1

μk2 ln�Xz� ln Y2� � � T × η1ln Y1� � � n2 ln Y2� �� 	

�T ×
X6
i�1

βit ln wi� � � α12 ln Y1� � ln Y2� � � 0:5 ×
X2
i�1

αii ln Yi� �2;

(5)

where Y1 is the number of chickens in Mexico (in a particular month), Y2 is the number of pigs, X1

is Mexico’s domestic production of sorghum (represented as fixed input by the feed industry), X2

is Mexico’s domestic production of soybeans, X3 is Mexican production of feed corn as well as
imports from sources other than the United States, w1 is the price of eggs, w2 is the price of
imported yellow corn, w3 is the price of import sorghum, w4 is the price of imported soybeans,
w5 is the price of imported soymeal, w6 is the price (subsidized) of electricity, and T is a time
variable meant to capture changes in production technology.

Input demands in the form of cost shares can be derived from a translog cost function (Ball and
Chambers, 1982; Grisley and Gitu, 1985). Using Shepard’s lemma, input share equations are

@lnC
@lnwi

� si � βi �
X5
j�1

βij ln wi� � � βiy1ln�Y1� � βiy2 ln Y2� � �
X3
k�1

θik ln �Xk� (6)

for i= yellow corn, sorghum, soybeans, soymeal, hatching eggs. Price elasticities for feed inputs
and hatching eggs can be calculated from the estimated system of share equations.

5. Relating Mexico’s chicken output to demand for feed grains
The cost function parameters μk1, (k= 1,2,3), α1, α11, α12 are not included in the input share equa-
tions. In the Appendix, we show that when the production technology is not constant returns to
scale, estimates of these parameters are needed to measure the impact of chicken output (Y1) on
imports of U.S. feed products. This is a critical problem because it is the relationship between
inputs and chicken output that links Mexico’s demand for domestic broiler meat with demand
for feed imports. One way to obtain these parameters is to directly estimate the entire cost func-
tion. This can be difficult when there are a large number of variables, which could lead to severe
multicollinearity problems.

However, the missing parameters are also contained in a marginal cost equation, which we
estimate along with the input share equations. Recall that in equation (2), the marginal production
cost (of Mexican chicken) was used in place of the domestic (wholesale) price. This comes from
the price/marginal cost relationship:

Pck � @C Ydm;w� �=@Ydm: (7)
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If markets are not perfectly competitive (Tirole, 1988), output is produced to the point where

Pdm � �@C=@Yim� �
@Pdm
@Ydm

� �
× YdmCV : (8)

CV represents a measure of conjectural variations and is positive.4 The price flexibility term
∂pdm/ ∂Ydm is negative. We refer to equation (8) as the price markup equation.

There are many different ways to transform a price markup equation to make it more amenable
to estimation (Bhuyan and Lopez, 1997; Arnade, Pick, and Gopinath, 1998). The markup over
marginal cost is represented as an additive term, which ensures the markup equation is linear
in parameters. To specify the price equation with an additive markup term and remain compatible
with the translog cost function, we multiplied the second term on the right-hand side in equation
(8) by one (in brackets in equation 9a) to produce:

Pdm � �@C=@Ydm� ��Ydm=C� × �C=Ydm�	 �
@Pdm
@Ydm

� �
× Ydm × CV or (9a)

Pdm � �@lnC=@lnYdm� × AC� � � @Pdm
@Ydm

� �
× Ydm × CV; (9b)

where AC is the average cost of production. Given the cost function in equation (6), the specifi-
cation of the markup equation becomes

Pdm � α1AC � α11 ln�Y1� × AC � α21 ln Y2� � × AC �
X4
i�1

βiy1 ln wi� � × AC

�
X3
k�1

μk1 ln�Xk� × AC � θ × cndx; (10)

where cndx is an index of industry competiveness and θ is a parameter to be estimated.
Although estimation of equation (10) can be of interest in its own right, our goal here is to use

estimates of parameters, α1, α11, α21, and μk1 to calculate how Mexico’s output of chicken influences
demand for feed inputs. This allows us to relate Mexico’s consumption of domestic broiler meat to
Mexico’s chicken production by adjusting for dress weight and the number of layer chickens. Given
this derived output, we then can determine changes in Mexico’s imports of feed grains and soybeans.

6. Empirical results
6.1. Data

Monthly data on Mexico’s imports of U.S. and Brazilian broiler meat are obtained from the Global
Trade Atlas database (IHSMarkit, 2016). Quantity and value data are used to calculate import unit
price. Data on Mexico’s imports of chicken parts are obtained using the Harmonized System for
classifying goods at the six-digit code system.

Mexico’s production and consumption of chicken are obtained from USDA-FAS (2016). Using
U.S. carcass weight estimates, we assumed that dressed chicken equaled 70% of live weight
chicken. Taking estimates of food loss, we assumed 10% of produced chickens were lost prior
to consumption. Mexico’s domestic price of chickens is represented by chicken prices sold by
the domestic company Bachoco (35% of Mexico’s broiler market) in Mexico City’s San Juan

4CV is a firm’s expectation of the combined industry response to an increase in the firm’s own change in output (Perry,
1982). An index of industry shares often is used to capture CV (Arnade, Pick, and Gopinath, 1998; Bhuyan and Lopez, 1997).
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market (Secretaría de Economía, Mexico, 2015). To ensure that our findings are robust, we also
estimated our model using the San Juan price of live chickens (whole bird).5

The price of hatching eggs from Mexico’s Sistema Nacional de Informacion e Integracion de
Mercados (Secretaría de Economía, Mexico, 2015) is based on eggs sold at the wholesale level in
Mexico from 2000 to 2016. We adjusted this price by using the relationship between Mexico’s
import unit values of consumer eggs (IHS Markit, 2016) and hatching eggs.6 To compute the
number of hatching eggs purchased by chicken producers, we lagged the number of chickens
3 months.7 This does not account for eggs lost. We assume the loss remains constant, so that
the variation in our egg quantity index captures the variation in eggs purchased.

Mexico’s subsidized electricity price (for agriculture) is obtained from the website of Mexico’s
Secretaría de Energía (2016) and is included in the cost function. We did not have data to estimate
poultry producers’ demand for electricity.

6.2. Estimating chicken demand

Using monthly data from 1997 to November 2015, the upper stage demand equation (3) is esti-
mated first. The Mexican chicken price is represented by a share weighted average of chicken
prices from the three sources: Brazil, Mexico, and the United States. Coefficients and T-statistics
for each exogenous variable are reported in Table 2. The GNP variable and trend are highly sig-
nificant. Cross-price elasticities for pork and beef are significant, positive, but small, suggesting
that pork and beef are weak substitutes for chicken meat. The exchange rate variable is insignifi-
cant. We included lag shares, which came out highly significant, indicating that Mexican buyers
tend to be habitual buyers.

Table 1. Value and quantity of U.S. exports to Mexico

Broiler Meata Cornb Sorghum Soybeans Soymeal

Yearly Average
Value

(million dollars)
Value

(million dollars)
Value

(million dollars)
Value

(million dollars)
Value

(million dollars)

1997–1999 85.9 642.4 423.6 1,143.8 34.8

2000–2004 105.1 810.8 747.7 1,201.4 109.4

2005–2009 193.4 1,871.0 567.6 1,834.6 448.7

2010–2014 477.5 2,968.7 749.8 2,489.2 659.2

Broiler Meata Cornb Sorghum Soybeans Soymeal

Yearly
Average

Quantity
(thousand
metric tons)

Quantity
(thousand
metric tons)

Quantity
(thousand
metric tons)

Quantity
(thousand
metric tons)

Quantity
(thousand
metric tons)

1997–1999 126.4 4,795.0 2,625.5 3,160.1 213.6

2000–2004 175.5 6,540.9 5,013.2 3,611.4 500.1

2005–2009 279.6 9,405.3 2,891.1 3,539.4 1,682.1

2010–2014 578.3 10,246.0 2,102.9 3,315.2 1,650.4

aSource: Global Trade Atlas (2016).
bSource: U.S. Department of Agriculture, Foreign Agriculture Service (2016).

5Price data were continuously available for the San Juan market. The hen price is a deliberate poor representation of chicken
meat and was only used to test model robustness.

6We took Mexico egg prices back to 1997, by relating prices to import unit values of eggs imported from the United States.
Using the average difference between the wholesale value of consumer eggs and hatching eggs in the United States, we scaled
up the price of Mexican eggs.

7Data onMexico’s chicken output include layers as well as broilers. Layers also consume feed inputs and must be accounted
for in the model.
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Table 3 reports elasticities and Table 4 presents the parameter estimates from the lower stage
AIDS model. We checked the AIDS model for robustness in several ways. First, we estimated the
AIDS model in differences (Eales and Unnevehr, 1988). We also experimented with different pri-
ces for Mexican broiler meat. Tests are conducted to determine if a trend variable, an exchange
rate variable, and lag shares variables belonged in the model.

In models without lag shares or an exchange rate variable, U.S. broiler meat came out as an
inferior good, and Mexican and U.S. broiler meat as substitutes. However, for models that in-
cluded an added exchange rate effect, a trend variable, or a lag share variable, U.S. broiler meat
came out as a normal good, and Mexican and U.S. broiler meat as complements.8

Exchange rate and lag share coefficients were significant, so we chose to incorporate these two
variables into the model. In the model, Mexican demand for U.S. broiler meat is inelastic (approx-
imately equal to −0.63), whereas the demand for Mexico’s own domestic meat is barely inelastic
(−0.93). The difference in the two elasticities provides some indication that Mexican buyers
distinguish between both types of broiler meat.9 Findings show that Mexican domestic chicken

Table 2. Upper stage Mexican demand for broiler meata

Coefficientb T-Statistics

PI, chickenc −0.025 −2.01

lp-beefa,b,c 0.025 1.16

lp-pork 0.023 1.81

lGNP 0.285 7.39

lExrate 0.004 1.42

Tr1/2 0.003 10.34

Constant 16.59 43.57

aThe dependent variable is the log of total broiler meat purchased in Mexico each month.
bExogenous variables are in logs; thus coefficient estimates equal elasticities.
cThe price of chicken is a share weighted average of Mexican broiler meat, import unit values of
U.S. broiler meat, and imported Brazilian broiler meat.
Notes: lExtrate, natural log of the exchange rate; lGNP, natural log of GNP; lp, natural log of price;
Tr1/2, square root of trend variable.

Table 3. Lower stage demand AIDS (Almost Ideal Demand System) elasticities, chicken
demand by source

U.S. Quantity Mexico Quantity Brazil Quantityb

U.S. price −0.631a −0.044 0.10

Mexico price −0.928 −0.939 −1.65

Brazil pricec 0.007 −0.004 −0.84

Expenditure 1.62 0.89 1.67

aA 10% increase in U.S. broiler meat prices would reduce imports of U.S. broiler meat by 6.3%.
bCoefficients for the Brazilian share equation were derived by taking the estimated coefficients from the
above share equations and exploiting symmetry and homogeneity and adding up conditions. Brazilian
elasticities were calculated using these coefficients.
cElasticities calculated using formula (iii), of Green and Alston (1990).

8The model reported in Tables 3 and 4 was estimated using the reported price of Brachoco broiler meat. Brachoco, is the
largest domestic processor of broiler meat in Mexico. We also estimated the model with a whole chicken price of Mexican
meat, (as reported in the San Juan market, the one market with a continuous price series).

9Anecdotal evidence from industry and U.S. government analyst suggests that Mexican consumers prefer their own fresher
domestic meat, which can be identified by its smaller size and yellow skin.
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and U.S. broiler meat are complements. The complementary relationship implies that lower prices
of one country’s broiler meat increases demand for the other country’s broiler meat. This can be
consistent with two-stage budgeting where expenditure on a particular category of products is
predetermined. It also supports the claim made by some market analysts who say that
Mexican stores use U.S. broiler meat as a loss leader.

Several other studies have found complementarity between imports of broiler meat and
imports of white meat or between imports and domestic broiler meat (Mexico: Henneberry
and Mutondo, 2007; Japan and Korea: Mutondo, Henneberry, and Brorsen, 2010; Mexico, mixed
results: Lopez et al., 2012). Bett et al. (2012) found broiler meat imports and domestic poultry meat
were complements in Kenya. Davis and Dyck (2015) found complementarity between Japan’s
imports of U.S. leg quarters and imports of white meat from Thailand prior to 2004, but found
these imports changed to substitutes after an avian flu outbreak in 2004.

In a comprehensive domestic demand study that disaggregated broiler cuts into many prod-
ucts, Goddard et al. (2007) found that Canadians treat drumsticks as complements with chicken
breasts and found that chicken legs are complements to wings and thighs.

Another possible reason for complementarity (beyond the loss-leader explanation) is that pref-
erences for broiler meat cuts vary within families. This would be particularly likely among multi-
generational households commonly found in Mexico. Older family members are likely to prefer
traditional domestic cuts of broiler meat, whereas younger members may prefer packaged
imported meat. Whatever the case, this study cannot determine the driving force behind the ob-
served complementarity among broiler meat cuts. However, the loss-leader explanation and exis-
tence of mixed generational households are both consistent with our econometric results.

6.3. Estimating input demands for Mexican chicken production

Using the specification expressed in equation (6), we estimated the demand for five variable
inputs: imported yellow corn, U.S. soybeans, U.S. soymeal, U.S. sorghum, and hatching eggs.
As noted earlier, Mexico’s chicken industry imports most of its yellow corn, soybeans, soymeal,
and sorghum from the United States. Domestic sorghum and soybeans are treated as fixed inputs,
as well as any feed corn not supplied by the United States. This implies that imports of feed rep-
resent an excess demand, which is the standard way to treat imports in the trade literature
(Bredahl, Meyers, and Collins, 1979; Stockhammer, Onaran, and Ederer, 2009).

Our cost function has two output variables, the number of chickens in Mexico and the number
of pigs. Both layers and broilers are included in the chicken numbers to account for feed use.

Table 4. AIDS (Almost Ideal Demand System) demand share equations: lower stage

United States Mexico

Coefficient T-Statistic Coefficient T-Statistic

Lag share 0.55 13.12 0.51 14.62

Lpbz 0.002 1.21 −0.004 −0.68

Lpus 0.047 9.11 −0.049 −8.48

Lpmx −0.049 −8.48 0.053 6.36

Lexp/Pst 0.08 9.35 −0.088 −4.08

Lexr −0.004 −1.70 0.003 0.40

Constant −1.522 −9.29 2.16 5.12

Notes: Lpbz, natural log of Brazilian price (broiler meat); Lexp/Pst, natural log of expenditures on Stone
price index; Lexr, natural log of U.S.-Mexican exchange rate; Lpmx, natural log of Mexican price (broiler
meat); Lpus, natural log of U.S. price (broiler meat).
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When examining the impact of broiler demand on feed use, we account for the fact that broilers
are a share (54% in 2015) of Mexico’s total chicken production.

Using monthly data from 1978 to 2015, a system of five cost share equations is jointly estimated
along with the price markup equation. Although input cost shares add to one, with the addition of
a price markup equation, the error terms in the six-equation system do not add to zero. Therefore,
we did not drop an input share equation when estimating the system. The following symmetry and
homogeneity restrictions on input prices are imposed: βij= βji and Σβij= 0.10 Cross equation
equality restrictions are also imposed on parameters that are common to both input demand
equations and the price markup equation. Estimated input demands and price markup equations
are presented in Table 5.

The response of feed (input) demands with respect to a change in the level of chicken produc-
tion in Mexico is key to our analysis. In elasticity form (see Appendix), this relationship is

ln xi� �=@ln Y� � � @si
@lnY

×
1
si

� �
� @ ln C� �

@ ln Y� � : (11)

The last term on the right-hand side in equation (11) denotes the economies of scale. While testing
our estimated cost function for scale economies, we found that Mexican chicken production is non-
homothetic, so the second term on the right-hand side changes at every data point (Ball and
Chambers, 1982). On average, the value of the scale elasticity, the second term on the right-hand
side in equation (11), is 1.14, which suggests that at the average observed level of output, Mexico’s
production technology is subject to decreasing returns to scale (or increasing costs). The elasticities
of input demand with respect to a change in chicken output are presented in Table 6.

6.4. Impacts arising from changes in upper stage variables

The upper stage equation (Mexico’s total demand for broilers) and lower stage AIDS demand
equations (demand by source of origin) are combined to calculate the impact of upper stage var-
iables on imports of U.S., Mexican, and Brazilian broilers. Table 7 shows that a 5% change in GNP
initially increases Mexico’s demand for all broiler meats by 2.9%. This, in turn, increases demand
for U.S. chicken by 4.6% and raises consumption of domestic chicken by 2.6% and Brazilian
chicken by 4.8%. Estimated cost function parameters indicate that a 2.6% increase in Mexican

Table 5. Input demand elasticitiesa

Quantity
Eggs

Quantity Yellow
Corn

Quantity
Sorghum

Quantity
Soybeans

Quantity
Soymeal

Price eggs −0.166 0.026 −0.058 0.034 0.144

Price yellow
cornb

0.074 −0.373 −0.024 0.283 0.049

Price sorghum −0.022 −0.012 −0.165 0.012 0.250

Price soybeans 0.066 0.302 0.028 −0.513 0.194

Price soymeal 0.042 0.010 0.122 0.087 −0.860

Price electric 0.029 0.046 −0.046 0.096 −0.006

C-outputc 1.673 0.064 3.541 0.582 4.129

aRepresents the change in demand for inputs used for chicken production in response to a change in the price or output.
bFeed inputs represent imported feed. Domestic sorghum, soybeans, feed corn, and feed corn imported from countries other than the U.S. are
treated as fixed inputs.
cFor example, a 10% increase in corn prices reduces demand for eggs by 3.73%. A 10% rise in Mexico’s chicken output increases demand for
soybeans by 5.82%.
Note: C-output, chicken output.

10We did not estimate an electricity equation, so no symmetry restriction was imposed on the price of electricity.
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Table 6. Input demands Mexican poultry: share equations and price markup equation

Eggs Corn Sorghum

Variable Coefficient T-Statistic Coefficient T-Statistic Coefficient T-Statistic

Lp-eggs 0.140 16.90 −0.046 −3.05 −0.031 −4.05

Lp-corn −0.046 −3.05 0.095 1.94 −0.034 −1.70

Lp-sorghum −0.031 −4.05 −0.034 −1.70 0.085 5.46

Lp-soybean −0.047 −3.61 0.006 0.16 −0.029 −1.65

Lp-soymeal −0.004 −1.12 −0.012 −1.77 0.008 1.73

Lp-elect −0.012 −4.67 −0.009 −1.59 0.002 0.52

Qx-sorghum −0.035 −0.12 0.072 0.11 −0.246 −0.77

Qx-soybean 0.130 3.30 −0.176 −1.95 −0.050 −1.17

Qx-corn −0.017 −1.03 0.003 0.09 −0.035 −1.93

Qx-pig 0.007 0.66 0.031 1.35 −0.003 −0.29

Qx-chicken 0.116 1.81 −0.294 −1.98 0.264 3.60

Dmchk −0.001 −2.29

Tr −0.006 −2.17 0.020 3.12 −0.015 −4.63

Exr 0.127 2.45 0.061 0.52 −0.098 −1.81

Constant 0.140 16.90 −0.046 −3.05 −0.031 −4.05

Soybeans Soymeal P.Chicken

Variable Coefficient T-Statistic Coefficient T-Statistic Coefficient T-Statistic

Lp-eggs −0.047 −3.61 −0.004 −1.12 Vlp-egg 0.116 1.81

Lp-corn 0.006 0.16 −0.012 −1.77 Vlp-corn −0.294 −1.98

Lp sorghum −0.029 −1.65 0.008 1.73 Vlp-sorghum 0.264 3.60

Lp-soybean 0.058 1.39 −0.005 −2.04 Vlp-soybean 0.186 7.43

Lp-soymeal 0.008 1.28 0.008 1.28 Vlp-soymeal −0.168 −1.28

(Continued)
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Table 6. (Continued )

Soybeans Soymeal P.Chicken

Variable Coefficient T-Statistic Coefficient T-Statistic Coefficient T-Statistic

Lp-elect 0.005 0.86 0.005 2.10 Vlp-elect −0.464 −2.15

Qx-sorghum 0.114 0.20 0.020 0.15 Vqx-sorghum −2.163 −0.40

Qx-soybean 0.063 0.82 0.064 3.79 Vqx-soy 4.165 6.99

Qx-corn 0.028 0.86 0.004 0.63 Vqx-corn −1.347 −6.46

Qx-pig −0.033 −1.70 −0.002 −0.35 Vqx-pig −0.059 −0.33

Qx-chicken −0.168 −1.28 0.186 7.43 Vqx-chicken 0.400 0.10

Dmchk Dmcrn −0.001 −2.29

Tr 0.0005 0.09 −0.005 −4.64 1.774 3.93

Exr −0.132 −1.37 0.061 3.14 Nexr −0.139 −0.84

Constant 3.840 1.35 −4.106 −7.35 Avc 3.504 0.28

Notes: Avc, average cost of chicken production; Dmchk, dummy variable interated with chk (number of chickens) variable; Dmcrn, dummy variable interacted with crn (weighted log of corn price) variable; Exr,
exchange rate; Lp, log price; Nexr, natural log of peso/dollar exchange rate; Qx, quantity production Mexico; Tr, time trend variable; Vlp, log price interacted with average cost; Vqx, production quantity interacted with
average cost. P.Chicken is the price markup equation.
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output increases imports of U.S. corn by 0.13%, sorghum by 7%, soybeans by 1.15%, and soymeal
by 8.2%. However, the initial GNP impact is eventually tempered by a rise in the broiler meat
price. A 2.6% increase in the quantity produced requires a 0.21% rise in the broiler meat price
(calculated from the price markup equation) slightly reducing demand. Iterating this change be-
tween the price markup and demand equations shows that the demand for Mexico’s broiler meat
rises only by 1.22% one year after the GNP change (compared with 2.6% rise in demand at im-
pact). After 1 year, imports of feed are proportionally lower.

A 10% rise in Mexican beef prices will increase Mexico’s overall demand for broiler meat by
only 0.25%. This, in turn, increases imports of U.S. broiler meat by less than 0.47%, domestic
broilers by 0.23%, and Brazilian broilers by 0.42. A 10% rise in Mexican pork prices creates a
similarly small increase in demand for broiler meat in Mexico.

6.5. The impact of Mexico’s import restrictions

Mexico could limit imports of U.S. broiler meat. This might occur, for example, if there are addi-
tional outbreaks of avian flu in the U.S. poultry industry or if Mexico and the U.S. alter their trade
policy. Cross price elasticities from our demand model show that a rise in U.S. broiler meat price,
stemming from a tariff, reduces not only demand for U.S. broiler meat but also Mexico’s demand
for its own broiler meat.11 There could be two possible ways Mexico could handle an outright ban
on imports of U.S. broiler meat: Mexico could put in place policies to ensure that domestic pro-
duction will cover the loss in broiler meat imports. This would be a complete import substitution
policy. As a result of this policy, imports of feed products from the United States would signifi-
cantly increase. On the other hand, Mexico could ban imports and allow the subsequent price
effect of an import ban to determine the response of buyers and sellers. In this case, demand
for feed products in the United States would decrease. Finally, Mexico could use a tariff to limit
broiler meat imports. In this scenario, imports of feed products would decline. The point is that
how Mexico chooses to limit broiler meat imports has a significant effect on what happens to
imports for feed from the United States.

Column 1 of Table 8 displays the impact on demand for feed grains and domestic broiler meat
if Mexico replaced all of the U.S. broiler imports with domestically produced meat. Over the last

Table 7. Mexico’s economic variables and broiler meat demand by sourcea

GNPb Beef Price Pork Price

5% 10% 10%

Change in chicken demand 2.86% 0.25% 0.23%

Change in imports of U.S. chicken 4.63% 0.47% 0.37%

Change in Mexico’s domestic consumption of chicken 2.56% 0.23% 0.21%

Change in imports of Brazilian chicken 4.77% 0.42% 0.39%

aDemand changes result from the interaction of the top level model and the second stage AIDS (Almost Ideal Demand System) equations.
bSymmetric changes in the demand result are attributable to a decline in GNP. Symmetry holds for all remaining tables also.

11Henneberry and Mutondo (2007) also found that Mexican demand levels for imported and domestic broiler meat were
complements. Despite this, we felt obliged to challenge result. We ran the model in first differences, dropped observations
from the first part of the data set, dropped observations from the last part of the data set, put in a trend variable, and dropped
exchange rates from the model. The complementarity result came out robust across these alternative specifications.
Complementarity did not hold up in a model without lagged shares. However, the lag share variables were significant at
the 0.01 level.
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24 months of the period covered by our model, Mexico imported approximately 22% of its
chicken meat from the United States. The dressed weight of chicken is approximately 70% of pro-
duction weight, and 54% of Mexican chickens are broilers. To make up for the loss in supply,
Mexico’s producers would need to increase chicken output by 16.9%. This, in turn, would increase
imports of U.S. feed corn by 1.1%; sorghum, 60.1%; soybeans, 9.88%; and soymeal, 70%. However,
estimates from the price markup equation reveal that in order to obtain this rise in output, the
price of domestically produced broiler meat would need to rise 2.6%

At the new feed output and price level, imports of U.S. corn, sorghum, soybeans, and soymeal
will rise by 0.7%, 38.6%, 6.36%, and 45.2%, respectively (not shown in tables). Given the average
value of exports from 2010 to 2014 at current prices, annual corn exports would increase by
approximately $20.8 million, sorghum by $289 million, soybeans by $158 million, and soymeal
by $298 million. The lost income from broiler exports would be approximately $447 million an-
nually. Added together, U.S. exports would increase by an additional $319 million. One explana-
tion for the increase in U.S. export value is that Mexicans pay a higher price for U.S. feed than do
chicken producers in the United States. For example, Mexican imported corn price is 77% higher,
on average, than Illinois wholesale price (USDA, Economic Research Service, 2016). Another pos-
sible reason is that the United States could be more efficient in converting feed into pounds of
broiler meat. More importantly, there would be an obvious transfer of revenue from one group of
U.S. exporters, located heavily in southern states, to another group of exporters located primarily
in the Midwest and West.

Another possibility is for Mexico to not replace the banned imports but instead allow the price
effects of a ban to work itself through. The estimated price elasticity of U.S. broiler meat imports
reveals that a complete ban is equivalent to a 158% rise in price of imported U.S. broiler meat.
Note that a large increase in price is needed (often called the choke price) to reduce imports of U.S.
broiler meat to zero. Mexico’s broiler meat is a complement, so a rise in the U.S. price reduces
demand for Mexican broiler meat. Given the low value of the cross price elasticity, a sizable in-
crease in price will only reduce purchases of domestic broiler meat 6.9% (not shown in tables).
However, imports of Brazilian broiler meat rise 1.98%. Adjusting for dress weight and the number
of layers in Mexico, chicken output falls. When considering additional price and quantity effects,

Table 8. Mexico’s input demand from U.S. broiler meat ban and tariffs

Ban Alla Ban Allb Tariff

Replace Impact Replace 1 Year 50%

Rise in Mexico’s
chicken output

16.9% 10.9% −1.68c

Inputs

Eggs 28.4% 18.2% −2.81%

Yellow cornd 1.1% 0.7% −0.11%

Sorghum 60.1% 38.6% −5.96%

Soybeans 9.88% 6.35% −0.98%

Soymeal 70.01% 45.0% −6.98%
aA total import ban with replace increases Mexican production 16.9% output.
bTaking into account the effect of a ban on price, production only rises 10.9 after 1 year. That is, a
higher price reduces demand, so Mexico does not completely replace U.S. imports.
cA 50% tariff causes Mexico to reduce its own production by 1.68% because U.S. broiler meat and
Mexican broiler meat are complements.
dCorn, sorghum, soybeans, and soymeal refer to U.S. imports. For example, a 16.9% increase in
Mexican chicken production would increase imports of U.S. corn by 1.1%.
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domestic output falls 5.5%, and U.S. corn, sorghum, soybean, and soymeal imports fall 0.36%,
19%, 3.2%, and 22.8%, respectively.

The third column of Table 8 shows the impact of an increase in Mexican tariffs on American
broiler meat when Mexico does not protect consumers from price increases. A tariff of 50%
reduces demand for U.S. broiler meat by 31.6%. Given a low complementary elasticity between
U.S. and Mexican broiler meat demand, Mexican broiler meat only declines by 2.2%. Adjusting
for dress weight and the number of layers, chicken output in Mexico declines by 1.68%. This
drop in output decreases imports of U.S. corn, sorghum, soybean, and soymeal by 0.11%, 5.96%,
0.98%, and 6.9%, respectively. In this scenario, U.S. broiler meat exports to Mexico decline by
$150 million annually, and corn, sorghum, soybean, and soymeal exports to Mexico decline by
$3.3 million, $44.64 million, $24 million, and $45.5 million, respectively.

The abovementioned simulations show that trade levels in feeds and broiler meat are comple-
ments. This arises from the complementarity of Mexico’s domestic demand for U.S. broiler meat
and its own cuts of domestic broiler meat. Markusen (1983, 1997) and Markusen, Rutherford, and
Tarr (2005) have shown that if production technologies are different between countries or if
inputs are subsidized or taxed in either country, then trade in outputs alone may not force input
prices to move toward equalization. Because of this difference in input prices, input and output
trade will continue to exist. The economies of Mexico and the United States have all of these ele-
ments to some degree.

7. Conclusion
Mexico is the largest importer of U.S. broiler meat and one of the largest importers of U.S. feed
corn. However, the emergence of avian flu in the United States raises the possibility that
Mexico could limit imports of U.S. broiler meat. This article explores the relationship between
Mexico’s imports of broiler meat and animal feeds. Two demand systems for Mexico are esti-
mated: a demand for broiler meat and a demand for feed used in the production of Mexican
chickens.

Using both demand systems and a price markup equation, we explore several possible scenar-
ios. In the first scenario, we assume imports of U.S. broiler meat are cut off andMexico production
completely replaces lost imports from the United States. In this scenario, imports of U.S.
feed products would increase. In the second scenario, we assume imports of U.S. broiler meat
are cut off and Mexico allows subsequent price changes to determine supply and demand for
broiler meat. The third scenario assumes tariffs on broiler meat are imposed. In the second
and third scenarios, Mexico’s imports of U.S. animal feeds will fall. This result is consistent with
our empirical finding that Mexico’s buyers treat domestic broiler meat and U.S. broiler meat as
complements.

It should be emphasized that the findings in this article are not to be viewed as a final state-
ment on the issue of Mexico’s broiler meat imports. Future research could use methods similar
ours and focus exclusively on changes in trade policies. Simulation scenarios analyzed in this
study could be reversed. Researchers could start with restrictions on various feed products and
evaluate how these restrictions could influence imports of broiler meat. Another item to explore
in detail is the effect of Brazil’s exports on broiler meat and feed products to Mexico. Currently,
Brazil’s share of the Mexican broiler meat market is small, but it could grow significantly in the
future.
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Appendix

To measure how changes in Mexico’s output influence feed demand, we write the log of the cost share for feed input i as
follows:

ln si� � � ln wixi=C
� � � ln xi� � � ln�wi� � ln C� �: (A1)

Solving for the ith input produces

ln xi� � � ln si� � � ln�wi� � ln C� �: (A2)

Assuming input prices are exogenous, the impact of chicken output on the demand for the ith input is

@ ln xi� �=@ln Y� � � @ln si� �
@lnY

� @ ln C� �
@ ln Y� � �

@si
@lnY

×
1
si

� �
� @ ln C� �

@ ln Y� � : (A3)

In a single output cost function, the last term on the right-hand side represents the elasticity of scale. To measure the impact of
Mexico’s chicken output on the demand for feed grains requires estimation of parameters that are not contained in the input
demand equation. That is, using our cost function (allowing chicken= Y1), the scale elasticity, the last term in equation (A3),
is

@ ln C� �
@ ln Y1� � � α1 � α21 ln Y2� � �

X5
i�1

βiy1 ln wi� � �
X3
k�1

μk1ln�Xk�: (A4)

The βiy1 parameters in equation (A4) can be obtained by estimating input share equations. However, parameters μk1, α1, α21
are not represented in the input share equations. One way to obtain these remaining parameters is to estimate the cost function
directly, which can be a difficult undertaking. The cost function contains a large number of variables, which could create severe
multicollinearity problems, particularly among the many interaction terms. We estimate a price/marginal cost markup equa-
tion to obtain these parameters.
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