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Mexican Meat demand Parameters Before and After NAFTA:
Evidence from Household Surveys 1992-2004

Jaime Malaga, Suwen Pan, and Teresa Duch-Carvallo

A censored Nonlinear QUAIDS model was applied to estimate Mexican meat demand parameters using annual house-
hold survey data for six years from 1992 to 2004. Results suggest that in Mexico and throughout the analyzed period,
beef and pork meat were luxury items while chicken was a normal good. Small but not significant changes in meat
demand parameters were found after NAFTA implementation, suggesting that changes on consumer behavior might

take longer periods to be quantifiable.

Since its implementation in 1994, the North Ameri-
can Free Trade Agreement (NAFTA) has been re-
garded as the most important change-driver of the
Mexican economy. After NAFTA, Mexico became
the largest market for U.S. meat exports, accounting
for $1.5 billion, of which $712 million corresponds
to beef and veal, $246 to pork, and $540 to poultry
(USDA-FATUS 2006). Mexico also became the
world’s eighth largest producer and the seventh
largest importer of meat (FAO 2006). According
to the Mexican Agriculture Secretary (SAGARPA
2006) per capita meat consumption in Mexico in-
creased 73 percent from 1990 to 2004, from 32.9 kg
to 56.9 kg. This increase may be related to the fact
that, through NAFTA, Mexicans have been exposed
to new varieties, qualities, and types of meat prod-
ucts at lower prices. However, when this per capita
consumption is compared to the levels of Canada
and the United States (94 and 118 kg, respectively),
Mexican per capita meat consumption is still low,
suggesting a possible increase in consumption of
all types of meat in Mexico as per capita income
rises and consumer preferences become more in
line with its NAFTA partners. This potential growth
could provide the Mexican and foreign meat sup-
pliers with the opportunity to expand their markets
in Mexico.

The most recent research on Mexican meat de-
mand systems have reported quite diverse results.
Golan, Perloff, and Shen (2001) used 1992 (pre-
NAFTA) survey data and found that the own-price
elasticities of beef, pork, and poultry were -1.10,
-0.56, and -0.63, respectively. Dong, Gould, and
Kaiser (2004), with data from the Mexican house-
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hold survey of 1998, analyzed information from
households located in towns with more than 15,000
inhabitants and excluded households reporting only
food consumption away from home. These authors
estimated own-price elasticities for beef, pork, and
poultry meat to be —0.63, —0.13, and —0.83, re-
spectively. When comparing these results to those
of Golan, Perloff, and Shen (2001), Dong, Gould,
and Kaiser (2004) suggested that the differences
were probably due to the methodology employed
in their estimation of the demand system as well as
to the peso devaluation of 1994. According to the
results described above, it seems plausible that the
parameters of the Mexican meat demand, which are
critical to any projection of future meat consump-
tion in Mexico, had been changing throughout and
ever since the implementation of NAFTA.

This study provides updated meat demand pa-
rameters that will be useful to policy makers in and
meat suppliers to Mexico and evaluates whether
NAFTA has had an impact on those demand pa-
rameters.

To accomplish these objectives a Mexican meat
demand system consisting of aggregated beef, pork,
and chicken meat was estimated. In order to esti-
mate the demand system it was necessary to deal
with the censoring problem, thus a modification
of the two-step censored methodology suggested
by Shonkwiler and Yen (1999) was employed in
which a multivariate probit model was used (Chen
and Chen, 2002) in lieu of a unit probit model to
calculate the probability that a household would
purchase meat in general and any specific type
of meat. The Nonlinear Quadratic Almost Ideal
Demand System (NQAIDS) developed by Banks,
Blundell, and Lewbell, (1997) was adopted to es-
timate the parameters of meat demand in Mexico
from 1992 to 2004.
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Methodology
Demand System Estimation

To estimate the parameters of the Mexican meat
demand system the Nonlinear Quadratic Almost
Ideal Demand System (NQUAIDS) developed by
Banks, Blundell, and Lewbell (1997) was used.
Some authors, such as Banks, Blundell, and Lew-
bell (1997) and Lyssiotou, Pashardes, and Stengos
(2002) emphasize that the Nonlinear QUAIDS mod-
el has the flexibility of including nonlinearities and
interactions with household-specific characteristics
in the utility function, which can be important for
household survey data and also have better forecast-
ing performance.

In the Nonlinear QUAIDS specification, the
dependent variable is the budget share (w,) of each
type of meat in a household:

(1) w,=pg,| X,

where w, is the budget share of the ith meat type
purchased in a household, p, is the price of the ith
type of meat purchased, g, is the amount of the ith
type of meat purchased, and X =3 p. ¢, is the total
meat expenditure.

The demand model is given by

(2) w,=g,+ Yy,In P+ f(InX - InP) +
),

A
0P’ (InX — InP)> + ;Kink-F €,

J

where P is the corresponding price index; w, is the
budget share of the ith meat; and the o’s, B’s, y’s, A’s
and k’s are parameters estimated, R’s are dummy
variables corresponding to different demographic
variables; and ¢, is the error term. The price index
(InP) in Equation 2 is defined as

3) nP=a,+ Zaj lnpj +1/222yl,j Inp, 1npj .
j Ji

Symmetry and homogeneity constraints can still
be imposed in Equation 2; however, adding up is
guaranteed only in the absence of censoring, an is-
sue that will be discussed in the next section. The
use of Equation 2 in estimating the budget share
equation in Equation 1 implies that the model is
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truly nonlinear. We did not replace Equation 2
with any linear approximation because according
to Buse (1994) and Green and Alston (1990) such
linear approximations cause additional difficulties
such as the discrepancies between the demand
elasticities computed from the Linear AIDS and
Nonlinear AIDS. They attribute the discrepancies
to inappropriate elasticity formulas used for the
Linear AIDS.

In order to avoid singularity of the variance-
covariance matrix of error terms, the chicken meat
equation was omitted from the demand system;
parameters for this type of meat were calculated
using the parameter constraints implied by adding-
up, homogeneity, and symmetry.

Censored Issues

Previous literature (Heien and Wessells 1991; By-
rne, Capps, and Saha 1996; Shonkwiler and Yen
1999; Dong, Gould, and Kaiser 2004; and Pofahl,
Capps, and Clauson 2005) agree that household-
level data sets avoid the issue of aggregation over
consumers and often provide large samples. How-
ever, these data sets present major estimation prob-
lems, mainly due to the fact that households do not
consume all the commodities available to them at
any given time. They create the necessity to obtain
an empirical model that assures non-negativity of
the predicted quantities purchased and that is agree-
able with constraints implied by economic theory.

In this study we used a modification of the
methodology proposed by Shonkwiler and Yen
(1999) where the estimation of the demand system
is realized by means of a two-step procedure with
limited dependent variables.

Some authors, including Tauchmann (2005) and
Yen and Lin (2006), consider the Shonkwiler and
Yen approach inefficient due to the unit probit es-
timation in the first step. Thus, in order to improve
efficiency and to account for the error correlation
among the different meat-consumption equations,
we conducted a multivariate-probit estimation using
latent variables with a selection mechanism instead
of the unit probit estimation in the first step to de-
termine the probability that a given household will
consume any type of meat (Chen and Chen 2002;
Pan, Mohanty, and Welch 2008). The decision to
purchase a given type of meat was modeled as a bi-
nary-choice problem depending on household size,
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income, and dummy variables for the geographical
region where the household was located.

The estimated parameters from the multivari-
ate probit model were then used to calculate the
cumulative density functions (CDF) ®(.) and the
probability density functions (PDF) ¢(.), which,
in turn, were used to estimate the unit value and
the second step of the demand vector proposed by
Shonkwiler and Yen (1999).

As suggested by Deaton and Muellbauer (1980)
and Dong, Shonkwiler, and Capps (1998), the unit
value is an indicator of the household preferences.
To consistently estimate the parameters of the bud-
get share equation in Equation 2, the following unit
value equation was estimated:

(4) Pit - (D(Z'UOACI)f(X”/)) i) * ﬂitQD(Z'it&i) + éiz ’

where P_is the unit value for each of the three types
of meat, Z, and X includes income, urbanization,
marriage status, age, and other household charac-
teristics as well as quantity of meat consumed.

The parameter estimates from this procedure
were then used to calculate the expected value of
the different prices, especially for those households
that do not consume any of the meats under consid-
eration (i.e., the censored observations).

In the second step suggested by Shonkwiler and
Yen (1999), Equation 2 was modified as follows:

(5) w,=®(){a, + 3y, InP, + f(Iny - InP) +

A
ijjﬁ (Inx — InP)* + ;KI]R](} +rp( e, .

Therefore instead of using the traditional
NQUAIDS specification of the budget share equa-
tion in Equation 2, we used Equation 5 to estimate
the parameters needed to calculate the demand
elasticities. Note that the traditional symmetry,
homogeneity, and adding-up constraints can still

be imposed in Equation 5 as follows:

©) 2@, =1;

(7 Z(D,()yy =0;
i=1
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(3 i(bl()ﬁl =0;

©) D@4 =0;

i=1

(10) 2, @,(Jry =0.

Data

Official Mexican Survey data for the years 1992,
1994, 1996, 1998, 2002 and 2004 was obtained from
the Encuesta Nacional de Ingresos y Gastos de los
Hogares (INEGI 1992, 1994, 1996, 1998, 2002,
2004). This survey is carried on for one week every
two years and records data on food purchases and
its monetary value for the three months prior to the
survey week in households throughout Mexico. So-
cioeconomic characteristics of households are also
recorded and include, among others, number, age,
gender, level of education, and employment data of
the persons living in the household; state and size
of the town where the household is located; and
frequency and place of food purchases.

The sample of households surveyed each year
varies and is considered to be independent from
the other years, thus the sample size used for the
demand systems estimation also varied. For this
study, only urban households namely located in
towns larger than 15,000 inhabitants were consid-
ered (15,000 is the population threshold required by
the Mexican government to be an urban town). The
data analyzed were related exclusively to household
purchases of meat. Only data on beef, pork, and
poultry meat purchases were employed because
they are considered to be the three main categories
of meat consumed in Mexico. Around 20 percent
of the households surveyed did not purchase any
one of the meat categories of interest; around 60
percent households in the sample purchased both
beef and poultry, but only 20 percent household
purchased pork during the survey week. Average
prices, quantities, and expenditure amounts and
budget shares in the total meat expenditure are
presented in Table 1. Beef and pork accounted for
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around 50 percent and ten percent, respectively, of
total expenditures, with a declining trend over the
past decade, while poultry accounted for around 40
percent of total expenditures, with an increasing
trend over the past decade.

Results

Multivariate probit estimates for beef, pork, and
chicken meat purchased in the Mexican urban
households are presented in Table 2. Household size
was the only variable significant (p < 0.01) for all
equations across the years analyzed. As the number
of members living in the household increased, pur-
chases for all types of meat also increased. Income
was significant (p < 0.01) for purchases of beef in
1992-1996 and 2002-2004; in 1998 income did
not (p > 0.01) affect the probability of purchasing
beef. In the case of the probability of purchasing
pork, income was significant (p <0.01) in 1996 and
2004. Income affected (p <0.01) the probability of
chicken meat purchases only in 1996. In all cases, as
income increased the probability of purchasing meat
also increased. Regarding regional dummies, there
was not a clear effect of the geographical region
where the household was located on the probability
of purchasing a specific type of meat.

Parameter estimates for the Nonlinear QUAIDS
model are presented in Table 3. Most of the pa-
rameters estimated are statistically significant (p <
0.05); at the same time, most parameters associated
with the quadratic term are significant (p < 0.05)
in every year, which supports the idea that, at least
statistically, Nonlinear QUAIDS is a good specifica-
tion for the estimation of Mexican meat demand.

Expenditure, compensated, and uncompensated
own-price and cross-price elasticities are presented
in Table 4. Throughout the analyzed period, the
expenditure elasticities suggest that beef and pork
were luxury items (in the elastic range) while
chicken was a normal good. The uncompensated
own-price elasticities for 1992 are a little higher
than those found by Golan, Perloff, and Shen (2001)
for the same year (their elasticities of beef, pork,
and poultry were —1.10, —0.56, —0.63, respectively);
this may be due to the different methodology and
data set used since Golan, Perloft, and Shen (2001)
employed a sample with households buying at least
one of the five types of meat they considered (beef,
pork, chicken, processed meat, and fish). Other fac-
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tors explaining the difference may include the fact
that they did not account for the sample selection
issues when they dropped the households without
meat consumption. Our elasticities are also higher
than those reported by Dong, Gould, and Kaiser
(2004): they found elasticities for beef, pork, and
poultry of —0.63, —0.13, and —0.83, respectively.
The reason for those differences might be related
to the fact that we have considered a more aggre-
gated meat demand system than theirs and that we
only accounted for three meat categories in our
estimation. At the same time, all our expenditure
elasticities of beef, pork, and poultry are a little
higher for the years after NAFTA than for those be-
fore NAFTA implementation. The uncompensated
price elasticities of chicken are slightly higher after
NAFTA as well.

Conclusion

Our study estimates Mexican meat demand param-
eters using six different annual surveys over a period
of twelve years. We used an improved methodol-
ogy over previous studies to take account for the
endogenous relationship between unit values and
types of meat. The elasticities found differ in some
cases from the annual estimations of Golan, Perloff,
and Shen (2001) using 1992 data and from those of
Dong, Gould, and Kaiser (2004) using 1998 data,
which were quite different from each other.

For all types of meat analyzed, 1996 and 1998
presented certain degree of variability. Data and
results from 1996 and 1998 certainly reflect the state
of the Mexican economy at that time, when Mexico
was still recovering from a 1994 devaluation of 100
percent of the peso with respect to the USS.

Of all three types of meat considered, beef pre-
sented the most variability, in terms of elasticity,
throughout the period examined; however, elas-
ticities at the end and beginning of the period were
similar. Our results did not suggest that NAFTA
implementation caused significant consumer be-
havior changes during the first ten years.

Our elasticities should provide a basis for a more
confident estimation of price and income effects
when forecasting the future trends of the Mexican
meat market because they were estimated using
the same methodology for the entire period. This
becomes especially important because Mexico has
turned into the second largest market for U.S. meat
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Table 3. NQUAIDS Mexican Beef and Pork Demand Parameter Estimated for 1992 to 2004.

Parameter estimates

1992 1994 1996 1998 2002 2004
Beef
®(.)*Beef intercept 2.99%* 2.06%* 5.47* 2.05% 3.19* 6.55*
®(.)*In(beef price) f -1.83* -1.97* -2.55% 2.11%* -3.19% -4.91*
®(.)*In(pork price) -0.52%* 1.13* -0.01 1.00* 1.78* 3.02*
®()*(InX-InP) 0.30* 0.24%* 0.13* 0.31* 0.33* 0.11%
®(.)*(InX-InP)? 0.24* -0.04%* 0.18* -0.06%* 0.25* -0.05%
®(.)*IMR' -0.89% -0.58%* -0.52%* -0.44%* -0.47%* -0.52%*
@(.)*Household size 0.05* 0.03* -0.11* -0.01 -0.03* -0.21%*
o()f -0.08* -0.50* -3.73% -0.58* -1.29% -3.72%
Pork
®(.)*Pork intercept 0.35% 0.35% 1.02%* 0.82%* 0.83* 0.31%*
®(.)*In(pork price) -1.54% -2.13% -2.37* -2.66* -4.34% -4.03*
®(.)*(InY-InP) 0.24%* -0.01 0.18% -0.07 0.25* 0.20*
®(.)*(InY-InP)? -0.05* 0.02* -0.05% 0.03* -0.03* -0.01%*
®(.)*IMR -0.20* 0.002 -0.001 0.07* -0.14%* -0.09%*
®(.)*Household size 0.04* -0.002 0.005 -0.01 0.01* 0.02*
o(.) 0.89* 0.28* 0.39* 0.16* 0.26* 0.21*
Survey’s sample size 4654 5569 5408 4178 10083 13340
Likelihood 9079 10986 10636 8188 19888 26478

* significant at five percent.

1®(.): Cumulative density function based whether a household purchases a specific type of meat; Beef price: “Simulated” beef unit
value; Pork price: “Simulated” pork unit value; Y: Total meat expenditure; IMR: Inverse mill ratio calculated based on whether a

household purchases meat; @(.): Probability density function based on whether a household purchases a specific type of meat.

and also because the recent ending of the NAFTA
liberalization process may impact relative domestic
Mexican prices for chicken.

The high levels of expenditure elasticity found
in this study for beef and pork in Mexico (luxury
range) allows us to project a fast-expanding mar-
ket for U.S. exports given the expected growth of
Mexican income (faster than U.S. income growth
for the next ten years, according to the Food and
Agricultural Policy Research Institute).

The fact that meat demand parameters in Mexico

seem to change very slowly with time under NAFTA
implementation suggests that similar situation could
be expected in the numerous developing countries
with whom the U.S. has signed or is negotiating
Free Trade Agreements including liberalization of
meat markets (Guatemala, Honduras, Nicaragua,
Costa Rica, Dominican Republic, Chile, Peru,
Colombia, Panama, etc.). The results indicate that
initial expansion of meat consumption may be due
mainly to lower tariffs and prices, and not due to
consumption-behavior changes.
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Finally, as mentioned earlier, a note of caution
may be appropriate in regard to this study. The es-
timations presented here are based on a relatively
small historical data set. The findings will be en-
hanced as more data becomes accessible.
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