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Abstract

Demand elasticities at the table cut level are computed from a Mexican survey of household
incomes and weekly expenditures, which is a stratified sample. A censored demand system is
estimated incorporating stratification variables and it results in unbiased parameter and elasticity
estimates, which can be interpreted as estimates of all Mexican meat-consuming households.
Their standard errors are rigorously approximated by bootstrapping. Several indicators of
heterogeneous meat-cut demands are found. Volumes traded differ among the table cuts of
meats; the probability of buying a particular meat cut changes across meat cuts and geographical
regions; and cases of substitutability and complementarity are identified within and across meat
categories.

Keywords: stratified sampling, adult equivalent scales, censored demand system, two-step
estimation, bootstrap standard errors, Mexican meat consumption, disaggregated elasticities
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Introduction

The world meat market is experiencing increasing trends in consumption and trade. From 1997
to 2006, world meat consumption, exports and imports increased 26%, 48%, and 28% respec-
tively (U.S. Department of Agriculture (USDA)). As world meat consumption and trade liberal-
ization increase, it becomes very important for large meat exporters to appropriately understand
foreign market characteristics, especially those derived from consumer demand functions. Mex-
ico is a key meat market not only because of the large quantity it imports and its relatively low
per capita meat consumption, but also because of its relatively high preference for edible meat
offals.

The Mexican meat market is large and rapidly expanding. From 1997 to 2006, Mexico was the
fourth largest meat-importing country of the world (after Russia, Japan and the U.S.) accounting
for 8% of the total world meat import average of 13,195,000 MT (USDA). During the same
period, Mexican meat imports increased by 147% (from 568,000 MT in 1997 to 1,405,000 MT
in 2006) and represented the fastest growth among the leading importing countries (USDA).
Given that the population growth during this period was 11% (International Monetary Fund
(IMF)), this suggests that an increasing per capita Mexican demand may be driving this rapid
growth.

Despite the size and rapid growth of the Mexican meat market, per capita meat consumption will
likely continue increasing. Mexican per capita meat consumption remains low when compared
to the equivalent levels in the U.S. and Canada. From 1997 to 2006, per capita meat
consumption in Mexico averaged 60.78 kg/year, while it averaged 121.6 kg/year and 98.38
kg/year in U.S. and Canada respectively (consumption from USDA; population from IMF).
Given Mexico’s rapid import growth, this indicates potential for continuously increasing imports
and highlights the importance of Mexico as a demand market for years to come.

Another key characteristic of the Mexican meat market is its high preference for edible meat
offals. Mexican imports of edible meat offals are larger than imports of other meat cuts. For
example, imports of edible bovine offals are larger than imports of bovine meat carcasses and
half-carcasses, other cuts of bovine meat with bone-in, and ham, bacon, and similar products
(Table 1). Similarly, edible swine offal imports are larger than imports of boneless swine meat,
swine meat carcasses and half-carcasses, and ham, bacon, and similar swine meat products.
Likewise, imports of other chicken cuts and edible offals are larger than whole chicken imports,
and ham and similar chicken products. Mexico is a key destination for edible meat offals
because its consumers place a higher value for these meat products (Dyck and Nelson 2003, 6).

To appropriately understand foreign meat consumption and international trade, a table cut
analysis of meat is necessary (Dyck and Nelson 2003). A practical question for researchers,
policy makers, and meat importers and exporters involves estimating the substitution pattern in
meat demand at the table cut level. Previous studies on Mexican meat consumption (Henneberry
and Mutondo 2009; Erdil 2006; Malaga, Pan, and Duch 2006; Dong, Gould, and Kaiser 2004;
Gould et al. 2002; Gould and Villarreal 2002; Golan, Perloff, and Shen 2001; Sabates, Gould,
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Table 1. Mexican Bovine, Swine and Chicken Meat Imports by Cut

Average
2002 2003 2004 2005 2006 2007 2002-07
Mexican Bovine Meat Imports (1000 MT)
Bovine meat carcasses and 4 2 0 0 0 0 1
half-carcasses
Other bovine meat cuts with 15 15 0 1 5 9 7
bone-in
Boneless bovine meat 230 251 210 235 266 277 245
Edible bovine offals 56 78 55 77 82 85 72
Ham, bacon, & similar bovine 6 4 2 2 3 3 4
products
Total bovine meat 311 350 268 316 355 373 329
Mexican Swine Meat Imports (1000 MT)
Swine meat carcasses and 17 23 23 19 19 15 19
half-carcasses
Swine hams, shoulders & cuts 101 171 226 210 220 219 191
thereof, with bone-in
Boneless swine meat 41 74 86 76 83 91 75
Edible swine offals 109 151 173 156 157 157 150
Ham, bacon, & similar swine 21 37 43 45 48 51 41
products
Total swine meat 289 457 550 505 527 532 477
Mexican Chicken Imports (1000 MT)
Whole chicken 1 4 0 11 33 13 10
Boneless chicken 78 125 163 165 182 177 148
Chicken legs & thighs 0 112 125 127 151 131 108
Other chicken cuts & offals 83 83 23 54 44 44 56
Ham & similar chicken 13 5 0 0 0 0 3
products
Total chicken 163 321 311 355 410 410 322

Note: The series was computed from chapter 2 (meat and edible meat offal) of the Harmonized System. At the 8-
digit level of disaggregation, bovine meat carcasses and half-carcasses include commodities 02011001 and
02021001. Other bovine meat cuts with bone-in include commodities 02012099 and 02022099. Boneless bovine
meat includes commodities 02013001 and 02023001. Edible bovine offals include commodities 02061001,
02062101, 02062201 and 02062999. Ham, bacon, and similar bovine products include commodity 02102001 and
half of commodity 02109999. Swine meat carcasses and half-carcasses include commodities 02031101 and
02032101. Swine hams, shoulder and cuts thereof, with bone-in include commodities 02031201 and 02032201.
Boneless swine meat includes commodities 02031999 and 02032999. Edible swine offals include commodities
02063001, 02063099, 02064101, 02064901 and 02064999. Ham, bacon, and similar swine products include com-
modities 02090099, 02101101, 02101201, 02101999, and half of commodity 02109999. Whole chicken includes
commodities 02071101 and 02071201. Boneless chicken includes commodities 02071301 and 02071401. Chicken
legs and thighs include commodities 02071303 and 02071404. Other chicken cuts and offals include commodities
02071302, 02071399, 02071402, 02071403 and 02071499. Ham and similar chicken products include commodities
02090001 and 02109903. All years are calendar years (January to December) except for 2002, which was reported
from April to December.

Source: Mexico’s Secretariat of Economy, SIAVI Database, computed by authors.
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and Villarreal 2001; Dong and Gould 2000; Garcia Vega and Garcia 2000; Heien, Jarvis, and
2001; Dong and Gould 2000; Garcia Vega and Garcia 2000; Heien, Jarvis, and Perali 1989)
estimate meat demand at the aggregate level, sometimes within a more general demand system
(i.e., including cereals, dairy, fats, fruits, vegetables, etc.).1 However, estimation of meat demand
elasticities using meat aggregates (i.e., beef, pork, and chicken) may be neither appropriate nor
useful for Mexico if consumers’ tastes and preferences vary across table cuts of meats. In the
U.S., meat demand studies at the disaggregated level have provided additional insights about the
nature of the demand for meat (see Taylor, Phaneuf, and Piggott 2008; Yen and Huang 2002; and
Medina 2000).

Unlike previous studies, the objective of this paper is to estimate demand elasticities at the table
cut level (i.e., beefsteak, ground beef, pork steak, ground pork, chicken legs, thighs and breast,
fish, etc.) and calculate expenditure, Marshallian and Hicksian price elasticities, which at this
level of disaggregation are currently unavailable for Mexico. To accomplish this objective, a
censored demand system is estimated in two steps using a survey of Mexican household incomes
and weekly expenditures, which is published by a Mexican governmental institution and was
collected employing a stratified sampling methodology (see Cameron and Trivedi 2005, 853).
The study not only analyzes Mexican meat demand elasticities for table cuts of meats but also
uses a relatively recent secondary source of information. It provides a better understanding of
the Mexican meat consumption and may be used to identify current and future trends in
consumption and trade of specific meat cuts. U.S. meat exporters will find elasticities at this
level of disaggregation very beneficial for assessing likely scenarios of price and income changes
in Mexico.

In addition, the methodology used provides several advantages over previous studies. Parameter
and elasticity estimates are not biased, not only because stratification variables are incorporated
in the estimation procedure but also because a censored regression model is employed.
Parameters and elasticities can also be interpreted as population estimates or viewed as census
estimates because the study uses a stratified sample and cross-sectional survey data that is repre-
sentative of the entire target population (i.e., Mexican meat-consuming households). The stand-
ard errors of parameter estimates are also rigorously approximated by bootstrapping because the
data was obtained from a complex survey. In addition, the price imputation approach that is ap-
plied is also preferred over a simple average substitution approach. Finally, the study adjusts for
household size by using scales to compute per adult-equivalent consumption, which is preferred

! Similar to Henneberry and Mutondo (2009), Malaga, Pan, and Duch (2006), Gould et al. (2002), Gould and Villar-
real (2002), Golan, Perloff, and Shen (2001), and Dong and Gould (2000), this study assumes that meat and other
food commodity groups are separable in the household utility function, and similar to Dong, Gould, and Kaiser
(2004), Gould et al. (2002), and Golan, Perloff, and Shen (2001), this study assumes that beef, pork, and chicken are
not separable from seafood. Studies on Mexican meat consumption have not formally tested whether commodities
can be partitioned into groups so that preferences within groups are described independently of the quantities in oth-
er groups. In the literature, there is evidence that separability holds in U.S. meat purchases (Moschini, Moro, and
Green 1994), but in Australia it is not clear (Alston and Chalfant 1987). If separability of Mexican meat purchases
does not hold, the elasticity estimates in this study may be biased because the substitution pattern among the Mexi-
can food commodities would be broader.
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over ignoring or using a simple count or proportion of household members because less parame-
ters are estimated.

Data

To estimate meat demand at the table cut level, this study uses data on Mexican household in-
comes and weekly expenditures obtained from the National Survey of Household Incomes and
Expenditures (or ENIGH by its acronym in Spanish), which is a nationwide survey encompass-
ing Mexico’s 31 states and the Federal District. This cross-sectional data is published by a Mexi-
can governmental institution (National Institute of Statistics, Geography, and Information Tech-
nology (or INEGI by its acronym in Spanish)) since 1977 (e.g., see Heien, Jarvis, and Perali
1989). This study uses the 2006 survey, which was conducted from August to November. Dur-
ing this period, direct interviews were given through a stratified sampling method and expendi-
tures on food, drinks, cigarettes and public transportation were recorded for one week.

The analysis of ENIGH data implies the use of a stratified sampling methodology instead of a
random sampling methodology. In stratified sampling, the population is divided into subgroups
(strata), which are often of interest to the investigator, and a simple random sample is taken from
each stratum. According to ENIGH-Methodological Synthesis (2006), ENIGH’s sampling
methods are probabilistic, multi-staged, stratified, and conglomerated. This implies that the sam-
pling units are selected with a known probability from multiple stages, are obtained from divid-
ing the population into groups with similar characteristics, and are made up from the observation
units (i.e., household members). In ENIGH 2006, there is a nonresponse rate of 10.55%
(ENIGH—Methodological Synthesis 2006, 33-34). From the 20,875 responding households,
16,909 reported consumption of at least one meat cut. Table 2 reports the number of observations
(i.e., number of interviewed meat-consuming households), the sum of weights (number of
households nationally represented by the interviewed meat-consuming households), and the av-
erage household size per stratum in ENIGH 2006. The weight variable is the number of house-
holds nationally represented by the interviewed household and it is corrected for the non-
response by INEGI.

Table 2. Number of observations, sum of weights and average household Size per stratum

Strata No. of Obs. Sum of Weights Avg. hhsize
Strl 7,285 11,473,327 3.99
Str2 3,942 3,241,161 4.13
Str3 1,574 2,837,679 4.52
Str4 4,108 4,554,086 4.28
Total 16,909 22,106,253 4.14

Note: Stratum 1 (Strl) consists of households who live in locations with a population of 100,000 people or more.
Stratum 2 (Str2) consists of households who live in locations with a population between 15,000 and 99,999 people.
Stratum 3 (Str3) consists of households who live in locations with a population between 2,500 and 14,999 people.
Stratum 4 (Str4) consists of household who live in locations with a population of less than 2,500 people.

Source: ENIGH 2006 Database, computed by authors.
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Previous studies that use ENIGH data to estimate meat demand in Mexico (Malaga, Pan, and
Duch 2006; Dong, Gould, and Kaiser 2004; Gould and Villarreal 2002; Gould et al. 2002; Golan,
Perloff, and Shen 2001; Sabates, Gould, and Villarreal 2001; Dong and Gould 2000; Garcia Ve-
ga and Garcia 2000; Heien, Jarvis, and Perali 1989) do not take into account the issue of strati-
fied sampling nor provide an explanation for excluding stratification variables. Ignoring stratifi-
cation variables (e.g., weight and strata) results in parameter estimates that may be biased (not
representative of the population) or that may not accurately identify differences among the sub-
populations (Lohr 1999, 221-254). For example, not incorporating the variable weight into the
analysis is equivalent to assigning a constant weight of 1,307.37 (i.e., 22,106,253/ 16,909) to
each observation (Table 2); therefore, assuming each household member represents the same
number of households nationally. A histogram of the weight variable from ENIGH 2006 shows
this is not the case (Figure 1). Additionally, taking a random sample of 1,000 households from
the 16,909 households and not incorporating the weight variable (e.g., see Golan, Perloff, and
Shen 2001) will only produce a sample that is representative of the 16,909 households, assuming
a constant weight, which is incorrect.
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Figure 1. Histogram of the weight variable in ENIGH 2006
Source: ENIGH 2006 Database, computed by authors.

Furthermore, according to DuMouchel and Duncan’s (1983) test, the use of stratification varia-
bles is necessary when using ENIGH 2006. In DuMouchel and Duncan’s (1983) test, the null
hypothesis favors the use of the unweighted estimator while the alternative hypothesis favors the
use of the weighted estimator (DuMouchel and Duncan 1983, 539). DuMouchel and Duncan
(1983, 538) recommend that the data passes this test before using the unweighted estimator over
the weighted estimator.

The test i1s implemented by performing an F' test for y = 0 in the following regression model
estimated by ordinary least squares,

) Y=Xo+WXy+e,
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where Y is a (n x 1) vector of observations in the dependent variable, X is a (n x p) matrix of
observations in the independent variables, W is a (n x n) diagonal matrix whose i" diagonal el-
ement is the sample weight w;, @ and y are (p x 1) vector of parameters, € is a (nx 1) random er-
ror with E(g) = 0 and var(g) = ¢°I,, and Z = W X, where the columns of Z are further (perhaps
unobserved) predictors that should have been included in the regression but were not.

Table 3 shows the F statistic from eighteen DuMouchel and Duncan’s (1983) tests that were im-
plemented (one test at a time) by using meat-cut quantities as dependent variables, and a con-
stant, meat-cut prices, and regional and urbanization level dummy variables as independent vari-
ables. At the 0.05 significance level, sixteen out of eighteen tests reject the null hypothesis of
using the unweighted estimator. Consequently, when working with ENIGH 2006, it is critical to
treat the data as a stratified sample (instead of a simple random sample) and incorporate stratifi-
cation variables into the analysis.

Table 3. DuMouchel and Duncan’s (1983) Test Results

Equation F p-value
q1 1.7907 0.0090
q2 2.0893 0.0011
Q3 1.7377 0.0126
q4 1.9422  0.0032
qs 1.3806  0.0976
q6 4.3003 <0.0001
q7 3.0603 <0.0001
qs 1.7962  0.0086
q9 1.7718 0.0101
q10 44449 <0.0001
qi1 1.6708 0.0191
q12 8.3251 <0.0001
q13 2.4402  0.0001
q14 9.2035 <0.0001
q1s 7.3924 <0.0001
q16 1.9762  0.0026
q17 1.1127 0.3166
q18 3.7224 <0.0001

Critical Values
F35.16884(0.01) = 1.77
F3s.16.884(0-05) = 1.52

In addition, among Mexican meat demand studies, there are some such as Malaga, Pan, and
Duch (2006) and Dong, Gould, and Kaiser (2004) that restrict their analysis to only strata 1 and 2
(i.e., households who live in locations with a population of 15,000 or more), which in ENIGH
2006 is equivalent to excluding 7,391,765 households of the target population (Table 2). The
authors justify the decision of ignoring strata 3 and 4 (i.e., households who live in locations with
a population of 14,999 or less) by the difficulty of assigning a dollar value (i.e., a price) to the
meat produced at home; in other words, to avoid the problem of “valuation of home-produced
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goods” that was briefly mentioned by Dong, Gould, and Kaiser (2004, 1099). However, ENIGH
does not record consumption of home-produced goods when the households do not make a living
by selling home-produced goods (INEGI, personal communication).” Because this study is inter-
ested in obtaining demand parameters and elasticities that are unbiased and can be interpreted as
population estimates (or viewed as census estimates), this study will not exclude any segment of
the population.

Censored observations are another issue that arises when working with ENIGH 2006. Censored
observations are common in consumer survey data and they occur when the values of observa-
tions are partially known. Because ENIGH records food consumption only when households
make a purchase and because the collection period is only one week, expenditures on many meat
cuts are censored. The values of these observations are partially known because meat-cut con-
sumption is unknown, but information about the households such as income, number of adults,
and education is known. Not adjusting for censoring may result in coefficient estimates marked-
ly different (e.g., coefficient estimates shrunk toward zero) from those of a censored regression
model (e.g., see Wooldridge 2006, 611).°

In ENIGH 2006, prices (unit values) are household specific because they are obtained by divid-
ing the household expenditure on the product by its corresponding quantity. In this study, quan-
tity consists of both meat consumed at home and away from home. Price and quantity are cen-
sored for the meat cuts that households did not buy during the week of interview (also known as
item non-response). A censored price corresponds to a censored quantity as the result of one
week of interview and the way in which ENIGH records food consumption.*

This study solves the problem of censored prices and adjusts for quality differences by adopting
a regression imputation approach for each of the eighteen meat cuts considered. In particular,
non-missing prices of each meat cut is regressed as a function of total income, dummy variables
for the education level of the household decision maker, regional dummy variables, stratum
dummy variables, the number of adult equivalents, a dummy variable for car, and a dummy vari-
able for refrigerator.” This price imputation approach is preferred over a substitution of the miss-

% If a household consumes a home-produced good during the week of interview, the consumption is recorded (and
therefore included in this study) only if the household makes a living by selling home-produced goods to the public.
Unfortunately, once this consumption is recorded, there is not enough information in the survey to distinguish it
from expenditures on goods not produced at home. There is not enough information in the survey to determine how
many home produced goods were or were not recorded in each stratum.
? Because of censoring, how often Mexican households purchase meat cuts cannot be assessed other than during the
week of interview. In general, 86% of the house-holds that purchased a specific meat cut did it once a week while
12% and 2% did it twice and three times a week. Households that purchased a specific meat cut four, five, six or
seven times a week were found but were not common.
* A total of 59,782 meat purchases were reported (counting as different purchases any purchase of meat as well as
purchases of the same meat cut by the same household in different places) by 16,909 of the total 20,875 responding
households. Only 13 of the 59,782 purchases did not report both price and quantity, but yet reported household ex-
penditure on the meat cut. Only 4,333 of the 59,782 purchases were for consumption away from home. Only 1,216
of the 16,909 meat-consuming households purchased at least one meat cut for consumption away from home.
> Each regression uses the SURVEYREG procedure and incorporates the variables strata and weight as documented
in SAS Institute Inc. (2004, 4363—4418). Cox and Wohlgenant (1986, 912-913) explain a first-order missing regres-
sor procedure which first regresses the deviation from the regional mean price as a function of household character-
71
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ing price with the corresponding simple average of non-missing prices within each state and
strata (e.g., Golan, Perloff, and Shen 2001, 545 and Dong, Shonkwiler, and Capps 1998, 1099).6

Table 4 reports the number of non-missing and missing observations, as well as the average pric-
es in 2006 Mexican pesos per kilogram (pesos/kg) of the eighteen meat cuts considered in this

study (generally grouped in five categories—beef, pork, processed meat, chicken, and seafood).”

Table 4. Number of non-missing and missing observations and average prices

Num. Num. Before p; Imputed After p; Imputed
Pi Non- Missing Mean Std. Err. Mean Std. Err.
Missing (Pesos/Kg) of Mean (Pesos/Kg) of Mean
Beef
D1 6,348 10,561 61.3642 0.2572 60.8785 0.1059
)22 2,938 13,971 55.6279 0.4059 56.2014 0.0780
D3 2,795 14,114 52.0036 0.6439 51.4183 0.1199
D4 734 16,175 36.8413 1.0864 35.8138 0.1046
Pork
D5 892 16,017 50.3311 0.6043 50.3466 0.0417
23 1,506 15,403 47.0965 0.5020 46.9521 0.0519
p7 366 16,543 48.6391 0.9688 479718 0.0515
DS 2,168 14,741 46.8656 0.5416 46.7112 0.0816
Processed Beef & Pork
P9 3,175 13,734 50.7869 0.9072 51.2935 0.1824
pio 4,156 12,753 50.5261 0.4528 48.7871 0.1385
P 2,384 14,525 31.2680 0.5327 31.4529 0.0849
pr2 2,626 14,283 72.5129 1.1257 73.8783 0.2174
Chicken
p13 5,057 11,852 35.2406 0.2458 34.6859 0.0969
P14 5,716 11,193 28.5982 0.2876 28.1278 0.0953
P15 760 16,149 22.4321 0.8949 24.8824 0.0924
Processed Chicken
Pie 2,593 14,316 46.7430 0.5581 46.0728 0.1000
Seafood
17 3,970 12,939 48.7240 0.5964 47.9096 0.1596
P18 713 16,196 81.5472 2.2547 87.1642 0.1806

Note: p;, i=1,2, ..., 18, where 1 = beefsteak, 2 = ground beef, 3 = other beef, 4 = beef offal, 5 = pork steak, 6 =
pork leg and shoulder, 7 = ground pork, 8 = other pork, 9 = chorizo, 10 = ham, bacon and similar products from beef
and pork, 11 = beef and pork sausages, 12 = other processed beef and pork, 13 = chicken legs, thighs and breasts, 14
= whole chicken, 15 = chicken offal, 16 = chicken ham and similar products, 17 = fish, and 18 = shellfish. Average
exchange rate in 2006 is U.S. $1 = 10.90 Pesos (Bank of Mexico).

Source: ENIGH 2006 Database, computed by authors.

The mean before price imputation uses only non-missing observations to compute the average
while mean after price imputation uses both non-missing observations and imputed (originally

istics, and then determines quality-adjusted missing prices. The simpler regression imputation procedure adopted
here produced almost the same meat-cut price variability.
% If the latter procedure is adopted, using four strata and Mexico’s 31 states plus the Federal District will only pro-
vide 128 different values for price imputation and using two strata will only provide 64 different values.
7 Average prices also incorporate the variables strata and weight, and were computed using the SURVEYMEANS
procedure (see SAS Institute Inc. 2004, 4313—-4362).
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missing) observations. The high number of censored observations is common when meat is ana-
lyzed at the disaggregate level (see Taylor, Phaneuf, and Piggott 2008) and even when meat is
analyzed at the aggregated level (see Gould et al. 2002; Golan, Perloff, and Shen 2001; Sabates,
Gould, and Villarreal 2001; Dong and Gould 2000; Dong, Shonkwiler, and Capps 1998; Heien,
Jarvis, and Perali 1989).

Unlike some previous studies, this study solves the problem of censored quantities (which are
treated as zeros) by using a censored regression model. The study incorporates estimation tech-
niques from stratified sampling with the two-step estimation of a censored system of equations
proposed by Shonkwiler and Yen (1999) and later illustrated by Su and Yen (2000). Additional-
ly, estimating standard errors of parameter estimates in complex surveys is different and more
difficult than estimating standard errors of parameter estimates in simple random samples. Be-
cause of the survey design, estimating them in the same manner is incorrect (Lohr 1999, 289—
318 and 347-378).

For similar reasons, using the standard errors of parameter estimates obtained from weighted
least squares (WLS) is also incorrect (Lohr 1999; Devaney and Fraker 1990; Kott 1990). Conse-
quently, this study estimates standard errors of parameter estimates by using the nonparametric
bootstrap procedure, which is both rigorous and practical (see Cameron and Trivedi 2005, 360
and SAS Institute Inc.). In general, the bootstrap is a resampling technique that can be used to
estimate standard errors of parameter estimates when other techniques are inappropriate or not
feasible.

A final issue incorporated into this study is that of using the number of adult equivalents rather
than ignoring or using a simple count or proportion of household members (e.g., Malaga, Pan,
and Duch 2006; Dong, Gould, and Kaiser 2004; Golan, Perloff, and Shen 2001). Adult equiva-
lence scales are used to compute the number of adult equivalents per households by taking into
account how much an individual household member of a given age and gender contributes to
household expenditures or consumption of goods relative to a standard household member.
Adult equivalents are computed so that the consumption of households are comparable. For in-
stance, meat consumption in different households cannot be directly compared without compu-
ting per capita meat consumption because bigger households will naturally have a tendency to
consume more meat than smaller households. To solve this issue, this study uses the National
Research Council’s recommendations of the different food energy allowances for males and/or
females during the life cycle as reported by Tedford, Capps, and Havlicek (1986) to compute the
number of adult equivalents and then the per capita meat consumption (i.e., per-adult-equivalent
consumption).

Theoretical Framework

Shonkwiler and Yen’s (1999) consistent censored demand system is used to estimate the meat
demand parameters and compute Marshallian and Hicksian price elasticities as well as expendi-
ture elasticities at the table cut level of disaggregation. Shonkwiler and Yen’s (1999) censored
demand model is preferred over Heien and Wessells’ (1990) procedure because the latter is
based on a set of unconditional mean expressions for the censored dependent variables which are
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inconsistent. In particular, “[a]s the censoring proportion increases, the [Heien and Wessells'
(1990)] procedure produces significant parameter estimates in most cases but performs very
poorly in that few 95% confidence intervals contain the true parameters" (Shonkwiler and Yen,
1999, 981).

Shonkwiler and Yen’s (1999) two-step procedure, which is explained in more detail below, does
not incorporate the theoretical restrictions of adding-up, homogeneity, and symmetry.® Howev-
er, the model is designed to take into account censored observations, which is critical when
analyzing Mexican meat demand at the disaggregated level. Furthermore, Shonkwiler and Yen’s
(1999) censored demand system is very flexible and practical, which allows for incorporating
estimation techniques used in stratified sampling theory.

For an arbitrary observation t, t =1, 2, ..., T, from the i equation, i = 1, 2, ..., M, the censored
system of equations with limited dependent variables is written as follows:

2  yi=dy;,
yi =x§. Bij«%
d_:{llfdi >0,
“loifd; <0,
d: = Zl{ (1,"" Vi,

where y; and d; are (1 x 1) observed dependent variables, y; and d; are (1 % 1) corresponding
latent or unobserved variables, z; = (1 zp ... Zi, ) and X; = (1 xi ... X;x, ) are (1 x K;) and (1
x K3) vector of explanatory variables respectively, o; = (ai; a2 ... aig,) and B; = (B fiz ...

Bi Kz)’ are (K; x 1) and (K, x 2) vector of parameters respectively, and ¢; and v; are (1 x 1) ran-
dom errors.

Shonkwiler and Yen (1999) explain that if it is assumed that for each i the error terms ( ¢; v; )" are
distributed as bivariate normal with Cov(e;, v;) = d;; then, the mean of y; is

() EQilx: z) = ©(z; @) x; B + 6 §(z; 0.
Then, using equation (3), the system in equation (2) can be written as
4)  yi=0(z] o)X B+ p(zio)+ &, i=1,..., M,

where & = y; — E(yilx;, z;) and E(&) = 0.

¥ The adding-up restriction is not imposed because the left-hand side of the system of equations consists of meat-cut
quantities, not shares (see equation (4)). However, the adding up is imposed when computing the Marshallian and
Hicksian price elasticities as well as expenditure elasticities (see equations (8) and (9)). Since the adding-up re-
striction is not imposed and the system of equations compensate for censoring by incorporating the probability of
consuming meat cut i (i.e., the standard normal cumulative distribution function appropriately evaluated) and the
standard normal probability density function (appropriately evaluated), the homogeneity and symmetry conditions
cannot be imposed. In fact, the parameter estimates reported by Su and Yen (2000) and Shonkwiler and Yen (1999)
reflect that these restrictions were not imposed.
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Shonkwiler and Yen (1999) suggest the following two-step procedure for the system in equation

(4): (i) obtain maximum-likelihood probit estimates @,of a; for i = 1, 2, ..., M using the binary
dependent variable d; = 1 if y; > 0 and d; = 0 otherwise; (ii) calculate ®(z; @;) and ¢(z; @;) and
estimate B;, B2, ..., B, 01, 02, ..., Oy in the system

(5) y,'=(D(Zl{ (l,') X; Bi +5i ¢(Z{ (1,')"’51', 1= 1, ...,M,
by maximum likelihood (ML) or seemingly unrelated regression (SUR) procedure,” where
0)  &G=&H D(z; @) — P(z; @) x; Bi + i [$(z; @) — $(z;@)].

The differentiation of the mean of y;, equation (3), with respect to a common variable in x; and z;,
say X = zjj, glves

TSI~z o) i+ X, i 42 @) @~ 0 (2 @) §(z] o) @,

(7

Following, Su and Yen (2000), the elasticities are derived from equation (7). For example, the
elasticities of commodity i with respect to price pj, total meat expenditure m, and demographic
variable r; are (e.g., see Yen, Kan, and Su 2002)

3 _OEWilxyz)) Py
(8) ij _ ez
op;j E(yilxiz;)
_OE(ilxpz)  m
1

om E(vilxpz;)’
; _OE(ilxiz)) ™
' or; E(yilxyz;)

These elasticities can be evaluated using parameter estimates and sample means of explanatory
variables. Since ENIGH is a stratified sample, means of explanatory variables are computed
incorporating the variables strata and weight.'” The elasticity of commodity i with respect to
demographic variable r; is “not strictly defined... [but] allows convenient assessment of the
significance of corresponding variables in a complex functional relationship” (Su and Yen 2000,
736). Finally, the compensated or Hicksian elasticities of commodity ¢ with respect to price p;
can be obtained from Slutsky equation in elasticity form. That is,

c _ p;E(jlx;zj)
9)  ej=eyte T

? See Zellner (1962).
12 See SAS Institute Inc. (2004, 4313-4362).
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Empirical Results

The univariate maximum-likelihood probit parameters a;, i = 1, 2, ..., M are estimated by multi-
plying the contribution of each observation to the likelihood function by the value of the weight
variable.'" Table 5 reports the parameter estimates from the first five equations as well as their
corresponding bootstrap standard errors.'* The variable m stands for total meat expenditure, and
the binary variables NE, NW, CW, C and urban stands for the Northeast, Northwest, Central-
west, and Central regions, and the urban sector.'® Note that the excluded dummy variables from
each equation are the Southeast region (SE) and the rural sector (rural). From a total of 450
parameters estimated in the first step (25 parameters estimated at a time for 18 equations), 204,
157, and 137 parameters are statistically different from zero at the 0.20, 0.10, and 0.05 signifi-
cance levels respectively.'* Considering only parameter estimates corresponding to binary
variables, from a total of 90 parameters estimated, 68, 59, and 51 are statistically different from
zero at the 0.20, 0.10, and 0.05 significance levels respectively.'® These significant determinants
of the probability of consuming meat cut i are reported in Table 5 (see Appendix).

Moreover, the partial effect of continuous variable z; (e.g., pi, ..., pis or m) on the probability of
buying meat cut i, which is given by ¢(z; a;) ai, can be estimated from Tables 4 and 5. For
example, an increase of one peso/kg in the price of pork leg and shoulder decreases the
probability of consuming beefsteak by 0.0035, other things held constant. Similarly, the partial
effect of binary variable z; (e.g., NE, NW, CW, C, urban) changing from 0 to 1 on the probability
of buying meat cut i is given by ®(a;; + apzio + ... + Qig-pZig-1 + A1) + ik 1)Ziggsy + ... +
aiKlziKl) — O(ai; + apziz + ... T Ui - pZig - 1 T Xigke1)Zigksr) + ..+ aiKlziKl). For instance, the

'See SAS Institute Inc. (2004, 3754).
'2 The parameter estimates as well as their corresponding bootstrap standard errors for the other thirteen equations
are available from the authors upon request.
" The Northeast region (NE) of Mexico consists of the states of Chihuahua, Cohahuila de Zara-goza, Durango,
Nuevo Leén, and Tamaulipas. The Northwest region (NW) of Mexico consists of the states of Baja California, So-
nora, Baja California Sur, and Sinaloa. The Central-West (CW) region of Mexico consists of the states of Zacate-
cas, Nayarit, Aguascalientes, San Luis Potosi, Jalisco, Guanajuato, Querétaro Arteaga, Colima, and Michoacan de
Ocampo. The Central region (C) of Mexico consists of the states of Hidalgo, Estado de México, Tlaxcala, Morelos,
and Puebla, and Distrito Federal. Finally, the Southeast region (SE) of Mexico consists of the states of Veracruz de
Ignacio de la Llave, Yucatan, Quintana Roo, Campeche, Tabasco, Guerrero, Oaxaca, and Chiapas. These are the
major geographical regions of Mexico used by Secretaria de Agricultura, Ganaderia, Desarrollo Rural, Pesca y Ali-
mentacion (SAGARPA). Similarly, SAGARPA defines the urban sector as stratum 1 and stratum 2 while it defines
the rural sector as stratum 3 and stratum 4.
' Given that the survey is complex, this study estimates standard errors of parameter estimates using the bootstrap
procedure. A researcher, who naively estimates standard errors treating the survey as a simple random sample and
uses Wald Chi-Square statistic from SAS default procedure to determine the statistical significance of the parameter
estimates, would report that out of 450 parameters estimated in the first step, 439 are statistically different from zero
at the 0.01 significance level. Devaney and Fraker (1990) and Kott (1990) explicitly caution about the limitations of
standard regression packages when applied to complex surveys.
15" As a goodness-of-fit measure, the overall percent of correctly predicted observations from the eighteen probit
models are 69.11%, 82.42%, 81.93%, 95.65%, 94.71%, 91.06%, 97.84%, 87.04%, 81.21%, 75.32%, 85.87%,
84.46%, 73.03%, 68.04%, 95.50%, 84.55%, 76.46%, and 95.74% respectively.
'® Average total meat expenditure is 33.0374 pesos per capita per week. The standard error of average total meat
expenditure is 0.3450.
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probability of consuming whole chicken in the Northeast region is about 0.3163 lower than the
Southeast region, holding everything else constant.

Table 6 (see Appendix) reports the regional probabilities of buying meat cut i during the week of
interview, P(d; = 1|z;). For some meat cuts the difference among the regional probabilities is
about 1.5 times greater. For example, the probability of buying beefsteak in the Central-West
region (0.4923) is about 1.5 times greater than the Northwest region (0.3202). Likewise for the
probability of buying other beef in the Northeast (0.2352) and the Southeast (0.1555) regions,
and the probability of buying chorizo in the Northeast (0.2283) and Southeast (0.1535) regions.
In some cases the difference among the regional probabilities is larger (about 7 or 11 times
greater). Probability comparisons can also be made across meat cuts in a single region or across
both meat cuts and regions. The results suggest that Mexican meat-cut demands are heterogene-
ous.

In the second step, the estimation of the system of censored demand equations is based on the
full system of M = 18 equations because the parametric restriction of adding-up is not imposed in
the model (see also Yen, Kan, and Su 2002, 1801). Given that in stratified samples the weighted
estimator is consistent (Wooldridge 2001, 464), all observations are weighted by the weight
variable prior to estimation. However, “[if we] use weights, w;, in the weighted least squares es-
timation, [we] will obtain the same point estimates...; however, in complex surveys, the standard
errors and hypothesis tests the software provides will be incorrect and should be ignored” (Lohr
1999, 355). Consequently, standard errors of parameter estimates in this study are estimated us-
ing the bootstrap procedure. Table 7 (see Appendix) presents the SUR parameter estimates for
the first five equations as well as their corresponding bootstrap standard errors from the system
of eighteen equations.17 From a total of 468 parameter estimated in the second step, 200, 128,
and 67 parameters are statistically different from zero at the 0.20, 0.10, and 0.05 significance
levels respectively.'®

Tables 8 and 9 (see Appendix) respectively report the Marshallian and Hicksian price elasticities.
The expected negative sign is obtained for all Marshallian and Hicksian own-price elasticities.
In addition, there are as many positive price elasticities (160 Marshallians and 178 Hicksians) as
there are negatives (164 Marshallians and 146 Hicksians). Positive cross-price elasticities sug-
gest cases of substitute meat cuts while negatives suggest cases of complement meat cuts.
Moreover, the signs of the Marshallian (Table 8) and Hicksian (Table 9) price elasticities are the
same in all but 18 cases. In general, further cases of (gross and net) substitutability and
complementarity are identified within and across the traditional categories (i.e., beef, pork,
chicken, and fish). For example, within categories, cases of substitutability are found in Mexico.
Ground beef is a (gross and net) substitute of beefsteak (and vice versa). Chicken ham and
similar products are (gross and net) substitutes of ham, bacon and similar products from beef and

' The parameter estimates from the second step estimation as well as their corresponding bootstrap standard errors
for the other thirteen equations are available from the authors upon request.
'® If the standard errors of parameter estimates are calculated by treating the survey as a simple random sample and
the statistical significance of the parameter estimates is determined by using the 7 statistic from SAS default proce-
dure, then from a total of 468 parameter estimated in the second step, 314, 352, 372, and 393 are statistically differ-
ent from zero at the 0.01, 0.05, 0.10, and 0.20 significance levels respectively.
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pork (and vice versa). Within categories, cases of complementarity are also found in Mexico.
Other beef cuts (i.e., excluding beefsteak, ground beef, and beef offal) are (gross and net)
complements of beefsteak (and vice versa). Pork leg and shoulder is a (gross and net)
complement of pork steak (and vice versa). Across categories, cases of substitutability are found
in Mexico. Pork steak is a (gross and net) substitute of beefsteak (and vice versa). Chicken offal
is a (gross and net) substitute of beef offal (and vice versa). Across categories, cases of
complementarity are also found in Mexico. Fish is a (gross and net) complement of whole
chicken (but not vice versa).

Elasticity estimates at the table-cut level of disaggregation are currently not available for
Mexico. Only an indirect comparison with previous Mexican elasticity estimates at aggregate
level (see Table 10 in Appendix) or a direct comparison with U.S. elasticity estimates at the dis-
aggregated level are possible. However, model functional forms, sample sizes, and time period
under consideration (among other things) influence elasticity estimates to differ from one study
to another. For example, the Marshallian beef-beef elasticity in past studies ranges from —1.4300
in Malaga, Pan, and Duch (2006) to —0.4610 in Erdil (2006). In this study, there are sixteen
Marshallian beef-beef elasticity estimates (é;, i, j = 1, 2, 3, 4). The own-price elasticity estimates
from the beef cuts (é;, i, j = 1, 2, 3, 4, 1 = j) range from —4.8186 for beef offal to —1.0270 for
beefsteak while the cross-price elasticity estimates from the beef cuts (é;, i, j = 1, 2, 3, 4, i #)
range from —1.8100 between offal and beefsteak to 0.4889 between offal and ground beef (Table
8). The Marshallian pork-pork elasticity estimates in past studies range from —1.5100 in Malaga,
Pan, and Duch (2006) to 0.0270 in Dong and Gould (2000). The sixteen Marshallian pork-pork
elasticity estimates in this study consist of the own-price elasticity estimates (é;, i, j=5,6, 7, 8, i
= j), which range from —15.9428 for ground pork to —4.4711 for pork steak, and the cross-price
elasticity estimates (é;, i, j = 5, 6, 7, 8, i #j), which range from —1.9708 between other pork and
ground pork to 1.6971 between the quantity consumed of other pork and the price of pork leg
and shoulder. The Marshallian processed meat-processed meat elasticity estimates in past stud-
ies range from —0.7830 in Golan, Perloff, and Shen (2001) to —0.7755 in Dong, Gould, and Kai-
ser (2004). In this study, the own-price elasticity estimates from the processed beef and pork
cuts (é;5, i, j =9, 10, 11, 12, i = j) range from —3.1156 for other processed beef and pork to
—0.7832 for ham and bacon while the cross-price elasticity estimates from these cuts (&, i, j =9,
10, 11, 12, i #) range from — 0.6150 between the quantity consumed of chorizo and the price of
ham and bacon to 0.2719 between quantity consumed of ham and bacon and the price of sausag-
es. The Marshallian chicken-chicken elasticity estimates in past studies ranges from —1.4300 in
Malaga, Pan, and Duch (2006) to —0.1300 in Dong and Gould (2000). In this study, the own-
price elasticity estimates from the chicken cuts (é;;, i, j =13, 14, 15, 16, i = j) range from —9.1730
for offal to —1.2640 for whole chicken while the cross-price elasticities from the chicken cuts
(éij, i, j =13, 14, 15, 16, i # j) range from —0.2035 between offal and whole chicken to 1.1161
between offal and chicken ham. The Marshallian own-price elasticity for fish and shellfish range
from —2.1500 in Golan, Perloff, and Shen (2001) to —0.6348 in Dong, Gould, and Kaiser (2004).
In this study, the own-price elasticity estimate for fish is —0.9825 and for shellfish is —7.5997
while the cross-price elasticity estimates are 0.6658 between fish and shellfish and —0.0001 be-
tween shellfish and fish.
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These elasticity estimates have a wider range of values and identify further cases of gross substi-
tutability and complementarity within the traditional categories (i.e., beef, pork, chicken, and
fish). In general, the own-price elasticities had the largest magnitudes, which is common in de-
mand studies at the differentiated level (see Chidmi and Lopez 2007 and Nevo 2001). It suggests
that Mexican consumers are very price sensitive with respect to the consumptions and changes in
the own prices of these commodities. Own-price elasticities with large magnitudes result from
the fact that in the model Mexican consumers can substitute a beef cut with another beef cut, a
pork cut with another pork cut, and so on, which allows the consumers to be more price sensi-
tive. In other words, the own-price elasticities of aggregated meat categories (i.e., beef, pork, and
chicken) tend to be more inelastic because consumers are given less potential substitutes, not on-
ly across meat categories but most importantly within a meat category. Consequently, consumers
might be more reluctant to substitute an aggregated meat category. On the other hand, when dis-
aggregated commodities are considered, there are more potential substitutes. In this study, there
are more potential substitutes across and within categories. Consequently, consumers have more
choices (especially within a meat category); therefore, own-price elasticities tend to have large
magnitudes.

Few studies have reported U.S. elasticity estimates at the disaggregated level. A comparison of
this study’s findings with U.S. estimates may also provide additional insight about the nature of
the Mexican demand for meat at the table cut level. Yen and Huang (2002, 329) reported own-
and cross-price conditional elasticity estimates for four beef cuts (steak, roast, ground beef, other
beef) and one aggregated meat category (other meat). The Marshallian beefsteak-beefsteak elas-
ticity estimate of —1.0270 in this study (Table 8) is close to the estimate of —1.1100 reported by
Yen and Huang (2002, 329). This indicates that U.S. and Mexican beefsteak consumers may
respond similarly to changes in the beefsteak price. Unlike Yen and Huang (2002, 329), the
Marshallian own-price elasticity estimates for ground beef and other beef in this study are elastic
while the Yen and Huang’s (2002, 239) estimates are inelastic. This is not surprising because
Yen and Huang (2002) only considered five meat products while this study considered eighteen.

Medina (2000) also studied the U.S. demand for meat at the table cut level. Medina (2000, 123)
reported Hicksian own- and cross-price elasticity estimates for nine meat products (roast, steak,
other beef, ground beef, chicken, turkey, other poultry, pork, and fish) under four income groups
($0-$24,999; $25,000-$49,999; $50,000-$74,999; and over $75,000). Provided that the average
total income of the meat-consuming households in Mexico is 36,384 pesos per month or U.S.
$3,338," selective Hicksian elasticity comparisons can also be made with the $25,000-$49,999
household income group reported in Medina (2000, 123). In general and as expected, this
study’s Hicksian elasticity estimates (Table 9) are more elastic than Medina’s (2000, 123)
estimates because it considers more table cuts of meats. Interestingly, most of the time, the cases
of net substitutability and complementarity among the meat cuts were the same. For example, in
both studies net substitutes (Table 9) include beefsteak and ground beef (and vice versa), beef-
steak and whole chicken (and vice versa), beefsteak and fish (and vice versa). Similarly, in both

'% The average total income estimate of the 16,909 meat-consuming households is 36,384 pesos per month or U.S.
$3,338 with a standard error of average total income of 484.70 pesos per month or U.S. $44.47. The average total
income estimate of the 20,875 responding households is $35,955 pesos or U.S. $3,298.62 per month with a standard
error of the average total income of 444.35 pesos or U.S. $40.77 per month.
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studies net complements include beefsteak and other beef (and vice versa), and other beef and
fish (but not vice versa). In the case of the Marshallian eslasticity estimates (Table 8), this
study’s findings and Yen and Huang (2002) also found ground beef and beefsteak to be gross
substitutes (but not vice versa), and other beef and beefsteak to be gross complements (but not
vice versa).

Figure 2 presents the expenditure elasticity estimates. All of them have the expected positive
sign and are statistically different from zero at the 0.05 significance level (except for ground
beef), which means all the meat cuts are “normal” products and that consumption of all meat cuts
are expected to increase as the economy grows. Additionally, since all the expenditure elastici-
ties are less than one, none of the meat cuts is considered a “luxury” commodity. The expendi-
ture elasticities range from 0.1846 for ground pork to 0.9733 for beefsteak. In addition, most
pork-cut elasticities have a lower value (therefore more “necessary” goods in terms of their tastes
and preferences) than most beef-cut elasticities and chicken-cut elasticities, except for processed-
meat-cut expenditure elasticities (i.e., chorizo; ham, bacon and similar products from beef and
pork; beef and pork sausages; other processed beef and pork; and chicken ham and similar prod-
ucts).
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Figure 2. Expenditure Elasticities

Note: Bars depict é;,i=1, 2, ..., 18, where 1 = beefsteak, 2 = ground beef, 3 = other beef, 4 = beef offal, 5 = pork
steak, 6 = pork leg and shoulder, 7 = ground pork, 8 = other pork, 9 = chorizo, 10 = ham, bacon and similar products
from beef and pork, 11 =beef and pork sausages, 12 = other processed beef and pork, 13 = chicken legs, thighs and
breasts, 14 = whole chicken, 15 = chicken offal, 16 = chicken ham and similar products, 17 = fish, and 18 = shell-
fish. All expenditure elasticities are statistically different from zero at the 0.05 significance level except for ground
pork. Significance levels were estimated with the bootstrap procedure at 1,000 resamples.
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In past studies (Table 11), the beef expenditure elasticity estimates ranges from 0.1040 in Gould
and Villarreal (2002) to 1.3059 in Dong, Gould, and Kaiser (2004). In this study (Figure 2), the
expenditure elasticity estimates from the beef cuts range from 0.5228 for ground beef to 0.9733
for beefsteak. In past studies the pork expenditure elasticity estimates range from 0.1000 in
Gould and Villarreal (2002) to 1.1728 in Dong, Gould, and Kaiser (2004) while in this study the
expenditure elasticity estimates from pork cuts range from 0.1846 for ground pork to 0.5776 for
other pork. Similarly, in past studies the processed meat expenditure elasticity estimates range
from 0.5420 in Golan, Perloff, and Shen (2001) to 1.1512 in Dong, Gould, and Kaiser (2004)
while in this study the expenditure elasticity estimates from processed beef and pork cuts range
from 0.2728 for beef and pork sausages to 0.6190 for chorizo. Likewise, in past studies the fish
(or seafood) expenditure elasticity estimates range from 1.1554 in Dong, Gould, and Kaiser
(2004) to 1.2470 in Golan, Perloff, and Shen (2001) while in this study the shellfish elasticity
estimate is 0.4361 and the fish elasticity estimate 0.6970. These results indicate that most ex-
penditure elasticity estimates in this study fall within the range from past studies.

Yen and Huang (2002, 329) also reported conditional meat expenditure elasticity estimates for
some table cuts of beef in the U.S. The Mexican beefsteak, other beef, and ground beef
expenditure elasticity estimates of 0.9733, 0.7260, and 0.5228 from this study (Figure 2) follow
the same respective descending order than the U.S. steak, other beef, and ground beef expendi-
ture elasticity estimates of 1.1850, 1.0400, and 0.9780 reported by Yen and Huang (2002, 329).
This means that in both the U.S. and Mexico beefsteak is the “most luxurious” beef cut while
other beef is the “most necessary” beef cut.

Conclusions

Mexico is an important market for meat exporters because it is one of the leading meat importing
countries in the world with a relatively high preference for meat offal and growing per capita
meat consumption. Several of our findings suggest that Mexican meat consumption is more
appropriately analyzed when considering table cuts of meats rather than meat aggregates.
Volumes traded differ among the table cuts of meats; the probability of buying a particular meat
cut changes across meat cuts and regions; and there are cases of (gross and net) substitutability
and complementarity within and across the traditional meat categories (i.e., beef, pork, chicken,
and seafood). Interestingly, the U.S. and Mexican beefsteak consumers seem to respond similar-
ly to changes in the beefsteak price. The Marshallian own-price beef elasticity estimates (except
for beefsteak) from this study seem to be more elastic than U.S. estimates. Interestingly, the sev-
eral cases of (gross and net) substitutability and complementarity seem be the same in both the
U.S. and Mexico. However, the substitution and complementarity patterns need to be further
investigated as more studies on disaggregated elasticities are conducted in the U.S. and Mexico.

Our results also indicate that consumption on all meat cuts is expected to increase as the Mexican
economy grows. In addition, all Mexican meat cuts are considered “normal” commodities but
pork cuts appeared to have the most inelastic expenditure elasticities (except for processed meat
cuts). Interestingly, in both the U.S. and Mexico beefsteak seems to be the “most luxurious”
beef cut while other beef seems to be the “most necessary” beef cut. Similar comparisons
between the U.S. and Mexico for pork and chicken cuts could be conducted if the meat demand
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studies in the U.S. would disaggregate these meat cuts. Unfortunately, few studies on the U.S.
meat demand and no study on Mexican meat demand have conducted an analysis at the table cut
level of disaggregation.

Unlike previous studies on the U.S. and Mexico meat demands, this study reports demand
elasticities for eighteen table cuts of meats. The study is also unique in that it uses a relatively
recent survey of households’ incomes and weekly expenditures and it incorporates stratification
variables into the analysis. Not treating the data as a stratified sample results in parameter
estimates that may not only be biased (not be representative of the population) but also have
incorrect standard errors. Given that the study employs cross-sectional survey data that is
representative of the entire target population (i.e., Mexican meat-consuming households) and
applies estimation techniques from stratified sampling theory, the elasticities reported can be
interpreted as census estimates. Finally, data issues, such as censored observations and the num-
ber of adult equivalents, are incorporated into the analysis as well. This study has also the
advantage of using a consistent two-step estimation procedure of a censored demand system.
Since the data used in the study is not a simple random sample but a stratified one, the study
incorporates estimation techniques from stratified sampling theory. For instance, it incorporates
stratification variables (strata and weight) in preliminary data preparation, in each of the two-step
estimation procedure, and in computing standard errors.

Furthermore, this study also has the advantage of having used data at the household level, which
provides additional insights about the nature of the demand for meat. By analyzing individual
households with micro-data, microeconomic models enable better estimation of demand parame-
ters and improvement of forecasts over those using macro-data, which assumes aggregate house-
hold behavior is the outcome of the decision of a representative household. Consequently, the
demand elasticity estimates reported in this study might be more precise than the aggregated es-
timates reported in previous studies. More importantly, the study may be used to perform a fore-
cast and simulation analysis of Mexican meat consumption at the table cut level. That is, the
study may be helpful in identifying current and future trends and growth rates in consumption
and imports of specific table cuts of meats in Mexico.
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