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CHAPTER |

INTRODUCTION

As the result of a more global and technologicallyanced world, transporting
massive amounts of goods over large distancesita amount of time is now expected
on a daily basis. Accordingly, it has become neffieient for countries to increase
international trade, especially in the agricultis@attor where most goods are perishable.
There are many examples of this, such as the Gehgraement on Tariffs and Trade
(GATT); the GATT was signed in 1947 to promote foeele between members by
reducing tariffs and other barriers to internatidrede, and eliminating discriminatory
treatment in international commerce. Eventuallyas replaced by the WTO in 1994.
Countries in close proximity to each other are fioigrfree trade areas to encourage
growth and increase each other’'s market size byriiag exclusive exchanges. The
European Economic Community, now known as the EeangJnion, started in 1957 and
is the world’s leader in enacting trade barrieustbns and economic integration. The
U.S. and Canada began to follow suit by forming@lamada-U.S. Trade Agreement
(CUSTA) which grew to become the North AmericaneFfeade Agreement (NAFTA)
by incorporating Mexico in 1994.

It was unclear if all markets would be affectedhia same way by NAFTA, if at
all. After arduous discussions and vigorous debbétween the participating

governments, it was decided that the tariff changmsld be immediate for some goods



and gradually implemented for others. Fall-backans, if necessary, would exist so
neither economy would suffer from the stress oinmmediate market shock.

To aid the smooth implementation of NAFTA'’s polidyywas decided that the
existing tariffs for each country would slowly beadeased by predetermined percentages
every year. As a result, tariff rate quotas weracted with the intent of gradually
decreasing them to finally attain completely frele in North America by 2008. Many
types of meat are already freely traded betweeniddeand the U.S., but there are some
types, such as chicken legs, that are still resttic

Though trade between Mexico and the U.S. hasnibipeccompletely free yet,
remarkable growth in certain market sectors hadtexk One of the most affected
agricultural sectors is the meat industry. Ovendixico has gone from a small-key
player in the pre-1994 U.S. export market to the [angest importer of U.S. agricultural
products in 2004 (USDA), and NAFTA may be crediésda major catalyst for this
change. The allowance of free trade removed tihdldésithat impeded business between
the two countries. As a result, Mexico has prodideggrowing meat market for the U.S.,
leading to an increase in sales and profits follit®& meat industry. This coincides with
a noticeable increase in Mexican per capita GDPrasa created large changes in meat
consumption patterns, implying that Mexicans caw afford to buy more meat and thus
per capita meat consumption has grown.

Since the induction of NAFTA, which now governs fiputrade between the
U.S. and Mexico, U.S. poultry exports to Mexico @avcreased significantly. Mexico is

now the third largest importer of U.S. poultry, asdorecasted to be ranked second



within the next few years (Hahn et. al. 2005). Tiee trade agreement has enabled the
U.S. to expand its poultry industry through lowenifts, and thus increased Mexican
trade and demand for poultry in Mexico. Mexico &edpwering tariffs in 1994 and has
since slowly implemented the new policy leadindrée trade. Free trade is agreed to be
accomplished by 2008.

Beef is the largest meat import for Mexico, an@@®3, Mexico imported $604
million worth of beef from the U.S. Overall, Mexih©ias been the second largest export
market for U.S. beef, consuming about five percédratl U.S. exports of beef in 2003.
But, with the discovery of Bovine Spongiform Encafdpathy (BSE) in the U.S. in
2003, U.S. beef exports were banned. Mexico waditst country to re-open its border,
and has now established itself as the largest tapof U.S. beef. Since the induction of
NAFTA though, the demand for beef has been unstdiiegularities, such as the peso
devaluation in 1995, have hit the market hard. peghis, the outlook on Mexican beef
demand is favorable, as it is expected to contiauggow in conjunction with the
Mexican economy (Hahn, et al.).

The Mexican pork market has also grown steadikgaent years. Mexico is now
the second largest importer of U.S. pork (USDAYhwgork exported to Mexico in 2005
valued at $363.492 million (FAS). The demand forigs expected to continue rising in
the future as the Mexican economy grows. Thesalasggns that the effects of NAFTA
have been beneficial to the U.S. meat export mabketthe full effects of NAFTA on the

bilateral meat trade are yet to be seen (Hahri,)et a



Mexican consumption has risen for all three typgesi@at since 1970. As can be
seen in Table 1.1 and Figure 1.1, beef represeh&eldrgest portion of meat consumed
in Mexico in 1970 but pork became the most consumedt from 1975-1985. On the
other hand, chicken has experienced the strongdsiast consistent growth,
maintaining the largest share of meat since 1¥4icken is considered a cheap
alternative to beef and pork, and has accordingbegenced a jump in consumption
after the economic crises of 1982 and 1995. Thasa&'t been an economic crisis in
Mexico since 1995, which has helped meat consumptidbecome more balanced over

time.
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Table 1.1 Mexico: Shares of Meat Consumption

Year Chicken Beef Pork
% % %
1970 10.60 55.19 34.20
1971 10.55 55.52 33.92
1972 14.97 45.20 39.83
1973 14.61 44.19 41.20
1974 14.59 42.72 42.69
1975 14.89 40.90 44.21
1976 14.56 40.27 45.17
1977 14.53 38.84 46.63
1978 14.58 38.69 46.73
1979 14.80 38.92 46.28
1980 15.02 38.92 46.07
1981 15.17 39.84 44.99
1982 15.15 39.62 45.23
1983 15.83 34.45 49.73
1984 17.09 33.00 49.91
1985 20.84 34.24 4491
1986 23.71 43.11 33.18
1987 23.86 44.35 31.79
1988 24.29 44.22 31.49
1989 25.11 45.99 28.90
1990 28.93 42.19 28.87
1991 28.85 38.66 32.49
1992 29.22 39.68 31.10
1993 33.60 36.02 30.38
1994 32.76 36.95 30.30
1995 37.03 34.01 28.97
1996 35.91 35.91 28.18
1997 38.14 34.88 26.98
1998 39.18 34.20 26.62
1999 40.42 33.05 26.53
2000 40.81 32.12 27.07
2001 41.60 31.64 26.76
2002 41.62 31.83 26.55
2003 44.03 29.10 26.87
2004 43.77 27.84 28.39

Sources: 1970-1990: Carlos Salinas de Goarinto Informe de GobierndNovember 1993.
1991-2004: SAGARPA



Real prices for all three types of meat have des@a Mexico since 1970, but
beef has experienced the least price decline vel&dithe two other types of meat.
Accordingly, consumption shares of beef have desaeéhe most in the past 35 years.
Chicken, on the other hand, has experienced tgegsarelative price decline and has
experienced the most growth in consumption sharkesvever, due to falling prices over
the years, total meat expenditures have decreasgitel rising consumption. This is

shown in Figure 1.2. and Figure 1.3.
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Expenditure shares are more closely reflectingepettanges of each type of meat
since NAFTA in 1994, as can be seen in Figure adBTaable 1.2. That is, as the price of
a meat has fallen in relation to the other two ngoes of meat, the consumption share

for that meat has generally risen.



Table 1.2 Mexico: Real Per Capita Meat Expenditures

Year Chicken Beef Pork Total
Real 1995 Pesos
1970 96.13 420.49 319.33 835.96
1971 93.07 448.22 324.15 865.44
1972 238.74 692.38 684.18 1615.30
1973 250.74 826.51 775.88 1853.13
1974 251.75 844.54 887.94 1984.23
1975 249.62 775.82 901.14 1926.58
1976 251.52 746.23 919.21 1916.96
1977 259.17 724.36 963.15 1946.68
1978 276.90 862.80 1059.59 2199.29
1979 320.40 1069.40 1198.94 2588.74
1980 306.32 1051.30 1162.99 2520.61
1981 337.73 1068.49 1293.20 2699.42
1982 349.70 1136.72 1367.98 2854.40
1983 313.59 901.03 1108.32 2322.94
1984 314.95 919.40 1216.82 2451.17
1985 384.06 987.88 1094.29 2466.23
1986 370.43 969.28 617.29 1956.99
1987 365.79 966.83 662.17 1994.80
1988 381.65 1048.01 701.88 2131.54
1989 381.21 1055.24 594.35 2030.80
1990 399.86 877.92 573.83 1851.61
1991 411.20 918.48 725.03 2054.71
1992 382.20 934.92 667.99 1985.10
1993 437.54 794.38 595.51 1827.43
1994 441.19 844.69 617.05 1902.93
1995 450.57 699.83 515.95 1666.36
1996 472.06 763.67 555.95 1791.68
1997 540.89 785.26 593.57 1919.72
1998 586.97 790.01 572.24 1949.22
1999 554.61 745.48 522.99 1823.08
2000 564.21 718.58 551.40 1834.18
2001 542.43 721.04 554.86 1818.33
2002 531.70 723.84 522.31 1777.85
2003 561.37 674.23 514.84 1750.44
2004 571.61 721.46 588.90 1881.97

Source: Bank of Mexico, SAGARPA



Since the Mexican demands for beef, pork, and pobHdve increased, the
Mexican demand for U.S. meat imports has risenrdaogly to satiate the market. On
the other hand, Mexican production of these meassalso increased with the growth in
meat consumption. Whether or not the demand fat mvél continue to increase in the
future will, in effect, determine how much meat NMaxwill produce to meet its
consumption demand. The end results may helprézést the import demand Mexico
will have for U.S. grains to feed their livestock.

Forecasting future trends of the Mexican domestetienport markets for specific
meats, livestock, and feed grains requires an ateuwnderstanding of the nature and
magnitude of the parameters of Mexican meat demaaoliiding the strong
interrelationship between the differing types ofatneThe purpose of this paper is to
expand the knowledge of demand for meat in Mexicediimating the current demand
parameters. Econometric techniques are also eegplimydetermine whether or not

NAFTA has significantly altered preferences for maaVexico since 1995.

Problem Statement

The meat and poultry industries form the largegtreent of the U.S. agricultural
economy. As one of the largest importers of theeats after NAFTA, Mexico may
have a significant impact on the future of the Ur®at industry. A clear understanding
of the Mexican demand parameters of meat is criticBorecast U.S. export trends and,
in conjunction with livestock and grain models, nzag in the simulation of alternative

scenarios in integrated North American meat systems



Objectives

The main objective of this study is to estimatepgheameters of Mexican demand
for beef, pork, and chicken using the most recata dvailable and the most appropriate
demand system methodology. Updated cross-pricegpenditure elasticities are
estimated to support a more accurate analysisoéffiects of prices and income on
Mexican demand for meat. A test for structuralngeais included to examine if a
change in preferences exists for meat in Mexicerdfte NAFTA implementation.

Specifically, the purpose of this paper is to:

» Test for the most appropriate demand system fot dexaand in Mexico
using a statistically acceptable method;

» Estimate the parameters of demand in Mexico fof, lpeek, and chicken;

» Calculate the respective Marshallian and Hicksiarepand expenditure
elasticities;

* Test for a structural change in meat demand sirkie.
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CHAPTER Il

LITERATURE REVIEW

The purpose of this chapter is to explain how shisly is related to previous
literature and how it will add to the general badknowledge. Previous literature
reviewed in this chapter is separated into threegs: (1) studies focusing on the
Mexican economy; (2) studies performed on the uglof demand system models; and
(3) related publications using demand system aaali® estimate food demand

parameters in Mexico.

Structure of the Mexican Economy

Mexico’s economy has experienced many changesipdbt 35 years, including
severe peso devaluations during the 1982 and 1998-dconomic crises. Meat
consumption has differed over the years from vargauses as well. Market factors,
such as increased meat advertising, growing nundfdest food franchises, and
exposure to new cuts and meat products, are bdlteveave led to changing meat
preferences, as well as availability of higher gyaheat and growing health concerns.
These changes have been supported over the yessdnt rising income levels
throughout the Mexican workforce.

Mexican employers are demanding higher educatedlatied workers, and are
paying higher wages in return. Despite higher wameerall, Melendez (2001) finds that

wage inequality has risen in Mexico since 1984, wade liberalization in Mexico

11



began. This disparity is attributed to the inchegslemand for educated and skilled
workers and the reflective decline of uneducatedkers’ incomes. It is found that the
real hourly earnings of workers with college orthgghool educations grew 9.2% from
1984 to 1994, while they dropped between 9.0 anti%a9or uneducated workers. After
the 1995 economic crisis, the wages of those skillerkers increased 8.2% during
1996-1998 but did not move for unskilled labor. offrer study by Airola (2001) affirms
these trends as well, and attributes the changeuatization and domestic reform.
Along with these wage changes in Mexico, averageper capita GDP has steadily
increased almost 12% from 1994-2004 (Bank of Mexid®oth studies find that
agriculture is declining in Mexico though, coineidiwith increasing imports of
agricultural products.

Though the effects of the 1994-1995 crisis werentlost severe experienced by
Mexico since the 1930s, Kose, Meredith, and Tov@®42 partly attribute Mexico’s
rapid recovery to policies set into place by NAFTReal GDP and investment levels
recovered to pre-crisis levels faster than evésihistory. NAFTA is also attributed
with stabilizing Mexico’s economy over time. Anamrple of this is portrayed when
inflation peaked at 52% in late 1995, a rate welbtw inflation observed during other
financial crises in Mexico. Inflation then stegdilecreased through the rest of the
decade. Mexico was even able to enjoy the lowasnaost stable inflation rates in its
history by 2003. The study also shows that astieaily significant structural break
occurred in 1993 in both the level and the sharferaign direct investment in GDP in

Mexico.

12



Demand System Modeling

Deaton and Muellbauer (1980) suggest the superiofithe Almost Ideal
Demand System (AIDS) in an article that introduitesAIDS model, explains it in
detail, and compares it to the Rotterdam modeltearslog model. The AIDS model
possesses most of the properties desirable in dearalysis. It is capable of explaining
most of the variance of the commodity expenditimgsis inconsistent with a rational
consumer decision hypothesis unless a time trealiowed for omitted variables. Use
of demand systems allows for simultaneous estimatia set of demands that are
closely related, on which the theoretical restoies of consumer theory are able to be
applied. More specifics are discussed later irctreeptual framework section.

The AIDS model is also approximated linearly, fangihe linearized almost
ideal demand system (LA/AIDS). The LA/AIDS is ajgpl by Taljaard, Alemu, and van
Schalkwyk (2003) in a study that estimates demandikat in South Africa from 1970-
2000. This research shows that the LA/AIDS model lse useful to compare elasticities
from country to country because of coinciding tipggiods and techniques. The model
concludes that beef and mutton are still consideneary items in South Africa while
chicken remains a normal good.

Another study by Burton and Young (1996) measuresrhpact of BSE on the
demand for beef in Great Britain using a dynamiD3Imodel of meat demand,
including beef, lamb, pork, and poultry. Media emage and advertising of BSE in Great

Britain was included as an argument of the demandtion, measured by the number of
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newspaper articles from 1989-1993 that mention BSEing the AIDS model, it is easy
to see that there has been a significant impalgeef demand in Great Britain since the
BSE scare and exactly how much demand has congggsierfited. All meats are found
to be net substitutes and the demand for pork anttrg appears to slightly increase at
the expense of beef and lamb over time. The nregelts show a significant 4.5% long-
term reduction in the beef market by the end of31@%e to the impact of BSE.

A study done by Fraser (2000) examines the denmgatianships for meat in the
United Kingdom. The Generalized Maximum Entropy& method is used to
eliminate the effects of severe collinearity ameoagables that are often found in
demand estimations, making them unreliable. Usirggapproach, cross-price, own-
price, and expenditure elasticity estimates anméal that are reliable and consistent.
They concluded that this method may be more acetoatse to estimate an AIDS model
than the traditional maximum-likelihood (ML) teclyoies.

The Rotterdam Model, developed by Barten and Th864), is a directly
specified system that doesn’t assume a partictiley dunction and allows the classical
theoretical demand restrictions to be imposed.utdizing the Rotterdam model, Capps
et al. (1994) is able to estimate meat demand peteamin the Pacific Rim region.
Though elasticities for beef, pork, and chickerfiedibmongst the individual Pacific Rim
markets, beef and pork are found to be net subsdiin all the Pacific Rim countries.
Time-series data provides results for trends, aedafithe Rotterdam model enables
simultaneous-equation bias to be accounted fotesffor separability between fish and

other meats determined that fish should not beided in the model with beef, pork, and
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chicken. This conclusion supports the resultstioéostudies that agree that marine
products are separable from other meats. An apprieatest for endogeneity of total
expenditures is also presented and explained.uBsanting the demand system with a
regression of the total expenditure variable onstteof exogenous variables: beef, pork,
chicken, and marine products, it is found that geaeity exists and is accounted for in
the model. This method is thus useful for bothirigsand correcting the problem of
endogeneity of expenditures, if endogeneity is tbtbe present.

Eales and Unnevehr (1993) perform simultaneity stnattural change tests on
U.S. meat demand. Through the use of an inversestlideal demand system, they find
that endogeneity exists for prices and quantiteseahded. No significant structural
change is found with the IAIDS model for the mid#08 using an intercept binary
variable with a Wald test. Though structural cleegists when the AIDS model is run,
it disappears when the model is corrected for eadety.

Davis (1997) presents a methodological review ofle®and the logic of
hypothesis testing for structural change. Thremm@gnoses are found for explaining a
change in meat market demand: 1) a change in prefes, 2) measurement or technique
refinement, 3) more generalized demand structufésough Davis’ framework, it is
concluded that structural change can never bedésteause it violates the laws of logic.
The main dilemma presented implies that compehegties can always be generated by
altering a subset of the assumptions that are deresd problematic. Davis suggests that

pursuing more general demand structures will beermdormative than refining
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empirical techniques. Davis’ findings suggestrieed for more evolved modeling, as

discussed in the following chapters.

Food Demand Parameter Estimates in Mexico

Malaga and Williams (1999) use the Barten appraaem application to demand
systems of fresh vegetables in the U.S. and MeXidee study finds that the Rotterdam
model is most appropriate, when compared to theSAMbdel, and should be used when
estimating demand systems for vegetables in thedh&Mexico. A weak separability
test suggests that onions don’t belong in the densgstem as a salad vegetable.
Expenditure elasticities are above one for all v@ges except tomatoes, implying that
most vegetables are still considered luxury goaddexico.

Garcia Vega (1995) performed the most compreherssidy on Mexico’s meat
demand using time-series data. He examines thamtfor meat in an integrated
dynamic analysis that includes the livestock, maad, feed grain industries. As fish is
not considered part of the Mexican consumer meadgy&udue to seasonal consumption
habits, their meat analysis includes beef, porl,@mcken in Mexico. His study doesn’t
focus solely on the demand of meat, but includesMbxican livestock and feed grain
industries as well. The integration of the modghponents creates some data
convergence problems that may have produced skesgetts. The LA/AIDS,
Rotterdam, and single equation models are usexiaimiae the meat sector in Mexico.
However, no test is performed to determine whicliehspecification is the most

appropriate. The SUR Rotterdam expenditure eldae8aerived show that pork is a

16



luxury good and that beef and chicken are normatigo The Hicksian own-price
elasticities for beef and pork are expected todgative, but show up positive.
Significance of Hicksian elasticities is also aaproblem, without a single elasticity
found to be significant at the 5% level. Marslaalland Hicksian elasticities show
unexpected meat complementarities. One Marshalha&ken/beef and both Hicksian
chicken/beef elasticities show to be complementaggpts.

The study also discusses the impact on Mexican desaand since the 1970s,
when the demand for meat switched from mainly lseeSumption to pork. The
Mexican hog industry growth spurred this changée1970s and 1980s until 1982,
when the Mexican economic crisis occurred. Whenhhppened, chicken became the
most demanded meat as a result of cheap prices.eddnomic crisis of 1994-1995 also
caused the model results in the study to fail tivjole evidence of structural changes in
Mexican meat demand. It does succeed, howevshaw a positive correlation between
per capita consumption of beef and pork in Mexied per capita income. Garcia
Vega’s study includes data only up to 1991, andnmadeen updated to include the
effects of NAFTA’s implementation. Since 1994, rthas been a rise in per capita GDP
and corresponding changes in Mexican meat consampttterns. Hence, an updated
study using recent data to provide an in-depthyamabf the Mexican meat demand
system is needed.

Williams and Garcia Vega (1996) find that Mexicaebproduction decreased
from 1986-1991 as a result of trade liberalizatroMexico, but the inelasticity of beef

demand resulted in a much larger percentage ohumgfor beef producers due to a
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consequent increase in beef prices. Thus, anlactwaase in profits for the Mexican
beef industry was seen during that time. But, @gtto what the authors found about
the inelasticity of beef, the study also shows Makican meat (including beef, pork, and
chicken) consumption as a whole was down dessitegrimeat imports for the time
period of 1986-1991. The research is limited t@adefore 1991 though, and is unable to
address any changes after 1991, when consumptgndae steadily rise. This observed
fluctuating demand for meat in Mexico is one reastwy it has become important to
accurately identify the demand parameters anddesignificant magnitude changes.

Garcia Vega and Gracia’s (2000) results concerdergographic variables in
meat consumption is interesting to note as Mexiceaome continues to increase. As
Mexico’s economy has grown steadily, consumers ha&en spending a smaller
proportion of their income on food, as expectednfiongel’s Law. The model used to
find these results is based on the Almost Ideal &ehrBystem (AIDS) specification, but
adapted since the AIDS model is dependent on pribe® to the fact that the data
Garcia Vega and Gracia uses lacks information apocgs, they derive the AIDS model
into a demographic augmented Engel Curve. Thibitshthe model from deriving price
elasticities. In 1984, Mexicans spent 44% of tke&penditures on food. In contrast, by
1994, per capita income had risen more than 100%e <984 and food expenditures had
fallen to 34%. The study also reveals that higtdycated people are consuming less
meat, but meat consumption overall is growing.

A similar demand analysis of food in Mexico by Do@puld, and Kaiser (2004)

uses 1998 cross-sectional household survey data Amemiya-Tobin approach
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implemented into an AIDS model. This approachvedldor household heterogeneity
while using a simulated maximum likelihood modéiraation. Pork and beef are found
to be strong complements, but poultry and beeéatienated to be substitute goods in
Mexico. The results estimate a disaggregated @ismdand system in Mexico, but don’t
analyze trends that could be derived from timeeseanalysis.

A study by Golan, Perloff, and Shen (2001) focuse#/exican meat demand
and uses the Amemiya-Tobin framework with a GMErapph on 1992 cross-sectional
survey data with an almost ideal demand systermatsudfinds it to be more practical and
efficient than the ML method. The model incorposdige types of meat: beef, pork,
chicken, processed meat, and fish, but no testsefoarability are performed. All
Marshallian and Hicks-compensated own-price eldigtscare negative, and most of the
elasticities are statistically significant at tHé fevel. Beef, pork, and fish expenditure
elasticities are all found to be luxury goods. Kdian cross-price elasticities show beef,
pork, and chicken to have substitute good effentsach other as well. However, the
cross-price Hicksian elasticities for fish arefalind not to be significant at the 5% level,
supporting the conclusion that fish is separal®@elan, Perloff, and Shen attempted to
compare their results with previous findings, botild find no other estimates of meat
demand price elasticities for Mexico besides thain.

No economic crises have arisen in Mexico since 1B@bMexico’s economy has
experienced drastic changes. With the integradfddorth American markets, Mexico is
able to benefit from increased foreign investmbat boosts GDP as well as an influx of

U.S. businesses that offer new products. Theselalgwents greatly influence
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consumers’ tastes and demands. Past literatueesagrat demand systems are the most
effective way to estimate demand parameters ofrgleged goods and that different

system approaches are beneficial for different psep.
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CHAPTER 1lI

CONCEPTUAL FRAMEWORK

This section provides a conceptual framework ahtbjlern demand theory and 2)
the theoretically sound models used to estimateléneand parameters including both
single equation models and multiple equation densystems.

Economic theory expresses consumer behavior irstefrpreferences limited by
a budget constraint. These preferences are rejeelsky a utility function in which
rational consumers are expected to maximize usliyject to their budget constraint.

A consumer’s purchases are restricted to theittaldncome, as exemplified by
the budget constraint. A demand curve can thusdt@ematically derived through the
combined maximization of a Lagrangian equatione ¢bnsumer is expected to
maximize a Lagrangian objective function of thenfior

g = U(q) + My —Z pjq;)
foralli=1,...,n
where U = consumer’s utility function,
g = quantity of each good consumed,
A = a Lagrange multiplier,
y = total income,
p = prices of each good.
The first order conditions for maximization are:

0o/0gj = Uj -pj=0
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thus Y = Ap;
and
oglol =y -2pjgi =0

thusXpjgj = y.

The result of the process of constrained maxinopagields the Marshallian
demand function. The Marshallian demand functga function that expresses the
guantities of goods demanded by an individual imgeof the price of relevant goods and
the income of the individual:

Gi =g (P.Y)-

An increase in the price of a good will affect MaaBian demands in two ways:
through the price change itself and through theo#ffe change in the value of the
individual's income. When the restriction of coshimization is included, the Hicksian
demand function is produced:

Gi = hj (u, p).

The Slutsky equation is derived by differentiatthg demand function {gwith

respect to p
Sj = ohj lapj = (0gj /ox)*q j t o0 lapj
wheredg; /8pj is the uncompensated price derivative jofvgh respect to jpand §-a

matrix of Slutsky terms. This equation represémessubstitution effect that is comprised

of the income and uncompensated price effectsjsatined basis for Slutsky symmetry
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where § = Si- which is discussed later. If the ‘pure’ pricéeet is to be considered we

get the Hicksian, or compensated, demand. Theskiokdemand function is a function
that expresses an individual's demand for goodaédmns of prices at a particular level of
utility. Unlike the Marshallian demand functiongclange in the price of a good will have
only one effect on the Hicksian demand functionthaslevel of utility is held constant,
this is the substitution effect.

Based on the results of constrained optimizatieemyiwell behaved’ utility
curves, economic principles suggest that consur@add is dependent on several
variables. 1) The price of the product will hareinverse impact on the quantity
demanded. 2) The price of substitutes will hadé&ect relationship on the demand of a
product. In the case of meat, poultry is generafigumed to be a substitute for beef and
pork, and pork is assumed to be a substitute foltgyoand beef. If the price of beef
increases, the quantity demanded for poultry amkl @ee expected to consequently
increase. 3) Income will have a direct effecalipwing consumers to budget the
purchase of the product or not. Utility maximipatis assumed; thus, under a budget
constraint, demand is dependent upon prices amdnecgiven tastes and preferences
aren’t measurable or quantifiable. If tastes amdgoences change, the demand
parameters are expected to change as well.

In order to estimate the parameters of meat demsimgy microeconomic demand
theory, quantity demanded is a function of thernmglated price of each meat and
consumer’s income such that:

Q = f(Pricech, Pricep, Priceb, I).
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More precisely, the included variables are:

* Q =the per capita quantity demanded of a particukat,

» Pricech = the price that consumers pay for chicken,

» Pricep = the price that consumers pay for pork,

» Priceb = the price that consumers pay for beef, and

* | =income.

Conventional estimations of demand parametershisasingle equation method.
This approach implies a ceteris paribus conditrowlich all prices are held constant
except the one being estimated. The above formw@a example of how a single
equation model would estimate, say, the quantityadelded of chicken alone. It would
only incorporate the real prices of chicken andlofin substitutes (pork and beef), for
instance, with real income. This method treatheammnmodity’s demand as a unique
relationship, independent of demands and priceshar goods. The coefficients derived
for each variable can easily be used to equateciasticities. In the case of strongly
interrelated demands, as it is in meat demandyribes of each commodity are
dependent upon each other and continuously reaadio other. Thus, a more
appropriate model is needed that will accuratelyictehe interrelation among demands.
To account for this interrelation, more complex mischave been developed to

allow the estimation of ‘demand systems’. Theysisinof sets of demand equations
instead of a single demand equation. By doingisoultaneity of demand relationships
is taken into account and ceteris paribus conditeme no longer required. Complete

demand specifications are also favorable becawseatllow for incorporation of
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restrictions from economic demand theory and, inglso, decrease the amount of
parameters to estimate.

There are four classical demand restrictions reguio conform to economic
theory: 1) adding up, 2) homogeneity, 3) Slutskmsyetry, and 4) negativity. Adding
up uses the Marshallian and Hicksian demand funstiny requiring the parameters
representing the consumption of all goods and ghéstitutes purchased to equal one,
meaning the estimated demand functions must add thye total expenditures:

Z pihi (u,p) =Z pigj (e.p) = e

where p = price of good i,

h; = Hicksian demand for good i,

u = utility,

gj = Marshallian demand for good i, and
e = total expenditure.

The homogeneity restriction requires that the dehfanctions are homogenous
of degree zero in prices and total expenditurdgat 1S, if the consumer’s budget rises or
decreases at the same rate as prices, quantitresnded will remain the same. The
Hicksian demands are homogenous of degree zemcespMarshallian demands are
homogenous in total expenditures and prices togefhias is also known as the
“absence of money illusion” and is expressed by:

hi (u,'¥p) =k (h, p) = q (¥x, ¥p) =q (e, p)
whereVY is any positive constant representing a consistesmge in prices and

expenditures.
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The Slutsky symmetry restriction implies that thess-price derivatives of the
Hicksian demands are symmetric. Slutsky symmekoyva this to be a testable
restriction by forming a consumer’s substitutiontmxawhich is the consumer’s
response to price changes. In this way symmefatést of the consumer’s consistency
of choice. Slutsky symmetry is derived as:

ohj (u,p)p; = ohj (u,p)op;
foralli#j
where the effect of price of commodity j on the @ah for commodity i is equal to the
effect of the price of commodity i on the demanddommaodity j.

Negativity comes from the concavity of the costdiion, but can’t be imposed
onto a demand system. It is a direct consequeine@ional choice. Economic theory
portends that own-price Hicksian elasticities aggative, so that as the price of a normal
good increases the demand for that good decreases.

By incorporating all of the above restrictions exiceegativity into a demand
system, the estimated demands are structured ¢e agth its theoretical properties.
Additionally, this allows for a more parsimoniousnmber of parameters to be estimated.
This is especially important in using time-seriasad Multicollinearity is also usually
reduced by saving parameters to estimate. Ovey, timese restrictions have been
incorporated into models that allow interactiorvafiables through the construction of a
complete system.

Elasticities are derived from the estimation of deohsystems, usually measuring

the percentage response of the quantity demandedne percent change in price or
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total expenditure. Own-price elasticity measuhesdonsumer reaction in quantity
demanded to a change in that commodity’s price,cansis-price elasticity measures the
consumer reaction in quantity demanded of one coditynto a change in another
commodity’s price. Cross-price elasticities arenmally derived for products that have
interrelated demand, such as close substitutesroplements. If the absolute value of an
own-price elasticity is greater than 1, the demainthe commodity is considered elastic.
In contrast, it is considered inelastic if the @taty is less than 1. For cross-price
elasticities, if the elasticity is positive therettwo goods are considered substitutes. If
the cross-price elasticity is negative, the twodgoare considered complements.
Expenditure elasticities measure the percent chamnipe quantity demanded of a
commodity from a one percent change in total exjprered If the expenditure elasticity
is positive, the commodity is considered normélthé expenditure elasticity is negative,
the commodity is considered inferior. In the Ratten and LA/AIDS models,
compensated (Hicksian) and uncompensated (Marghpbiasticities are derived from
the estimated parameters. Compensated elasti@kesnto account the change in real
expenditure when the price of a commodity changes.

To measure demand, consumers are aggregated iy thatas consistent and
testable. Demand systems allow one avenue toethies through the use of empirical
measurements. Single equation demand functiores lniatorically been the most
popular way to measure demand, but this approaeb dot allow for interactions
between goods. Through the use of demand systdosg, interaction is accounted for,

and a closer representation of demand curves castleated. Unlike single equation
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demand functions, demand systems also allow symnpteimogeneity, and adding up to
be imposed onto the estimated demand. Demandsystee able to reduce collinearity
and the number of parameters, resulting in motesstally reliable coefficients.

The LA/AIDS and Rotterdam models are two of the nuz®d demand systems.
The approach by each model is different though,thay both often produce slightly
differing demand elasticities. To determine whacbdel is most appropriate for the
given data, nested models like the Barten modet laen developed. By using a nested
model approach, it is easily calculated througikelihood ratio test which model is best.
This approach is purely statistical and reliabfe] has been a proven model throughout

the years as well.
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CHAPTER IV

METHODS AND PROCEDURES

To more accurately depict reality, demand systdiow dor specifications to be
implemented that will mirror the theoretical projes of demand that are specific to the
demand functions being estimated. As previoustguised, demand systems are an
improvement over single equation models becausedl@w for interrelationships to
exist between commodities. In the case of meak, phicken, and beef demands are
considered strongly interrelated; this will be iqmarated into the estimation of Mexican
demand parameters for meat, as previously discusgbd conceptual framework. Meat
consumption is assumed to be separable from atleerdonsumption, and testable
through the budget constraint. The two most ap@iestems for estimating demand with

time-series data are the Rotterdam and LA/AIDS rwode

Rotterdam Model

The Rotterdam model was developed by Barten and inhE964. Unlike the
AIDS model, it does not assume a particular utfiiiyction or correspond to the
expenditure share of a product in a specified fpex@od. Instead, an average of the
budget share is used in current and previous tenegs. By totally differentiating the
classic budget constraint, adjusting for Slutskysetry in compensated cross-price

elasticity, and imposing a budget shar@pfthe absolute price version of the Rotterdam

model results as:
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oj din (gg) = 6; din (Q) + Zj mj dIn () + &t
where oj = (Wit + Wit-1)/2;
wijt = budget share of product i in period t;
Qjt = per capita consumption of product i in period t;
0= the marginal propensity to spend onitiregood, and together wit—t]

are the constant parameters to be estimated;

din (Q;) = ZjwjdIn (gy) is the Divisia volume index that should be

regarded as an index representing the proportwraige in real total
expenditure;

Pjt = the price of product j in period t; and

&jt = the disturbance term.

The classical properties of demand theory can Ipes®d on the system by the

following restrictions:

Adding up:

Zj Oj =1
Homogeneity:

Zjmj=0
Slutsky Symmetry:

mjj = T

Marshallian (uncompensated) and Hicksian (comped$aasticities are

calculated from the estimated coefficients as fodp
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1) Marshallian Price Elasticity: (ﬂm*(nij - wjej)
2) Hicksian Price Elasticity: nij/ O]
3) Expenditure Elasticity: Oj/ O]

The estimation of the Rotterdam model requires dhatmeat demand equation
be omitted from each system. This avoids the $amigy of the variance-covariance
matrix of disturbances. The parameters assocwitbdthe omitted demand equation are
recovered through the application of the neoclassestrictions. The Rotterdam model
also 1) satisfies the axioms of choice exactlya@jregates perfectly over consumers
without invoking parallel Engel curves, 3) has adtional form which is consistent with

known household-budget data, and 4) is simpletimate.

LA/AIDS Model

The AIDS model was introduced in 1980 by Deaton lsinellbauer. It possesses
a functional form consistent with household budtgt and is usually used in the linear

form (LA/AIDS) as suggested by Stone:
wit=oj * 2 VjjIn pit + Bj In (Y¢/P{) + &t
where oj = expenditure share of product i;

a, B, andy are parameters;

Pjt = the nominal price of product j;
Yt = expenditure on the set of products;

P¢* = a price index defined by Stone’s linear appnoation; and
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eit = the disturbance term.

The LA/AIDS model preserves the generality of tr@tB®dam model and can be
thought of as an arbitrary first-order approximatio any demand system. The

theoretical restrictions apply to the parameterns dlse Rotterdam model.

Adding up:
Yjoj=1
Zipi=0
Zjrjj =0
Homogeneity:
2ivji =0
Slutsky Symmetry:
Yij =7

Slutsky symmetry assumes that the log of the Mexdmmand for meat is calculated as
the summation of the budget shares of beef, powdk caicken multiplied by the log of
their respective retail prices. Like the Rotterdawdel, one meat demand equation
should be omitted.

Following Alston and Green (1990), the Marshalljancompensated) and
Hicksian (compensated) elasticities are calculftad the estimated coefficients as
follows:

1) Marshallian Price Elasticity: i + yjj/wj — Bjwj/wi

2) Hicksian Price Elasticity: Sij + W + vij/wi
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3) Expenditure Elasticity: 14B8j/w;
d is equal to one if i=j and zero if otherwise. 4@ econometrics software is used for

all programming.

Barten’'s Method

Empirical studies have shown that the estimatedficamants and elasticities may
differ when using the LA/AIDS or Rotterdam modeBifficulties arise when comparing
demand systems because of problems like the RSt&tditeing relatively meaningless for
comparison. Itis also difficult because the dejes variables are not the same for the
two systems, and a comparison between systems/asla and not equation by equation
is required. An alternative approach, Barten’shuodt allows for more appropriate
hypothesis testing.

To distinguish which model is most accurate givendet of data, Barten’s
method will be used to compare the coefficientthefmodels available. By applying
Barten'’s test, a clear indication is given as taclwimodel of Mexican demand for meat
should be used. Barten model specification isalegias:

oj din () = ¢ din (Q) +Xj &j din () + 51 [vj din (Q)] 52 [dIn(p) - din (P)]
where oj = (Wit + Wit-1)/2;
wijt = budget share of product i in period t;
gi = consumption of each meat;
din (q) = In (Gt + Gjt-1);

Q = average expenditure of each meat consumed;
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din (Q) =Zjwj din (g);

pj = price of each meat;

din (g) = In (Bt + Bit-1);

P = average price share of each meat;

din (P) =Zjoj din (§);

01 = the coefficient associated with the differeneén®en the Rotterdam

and the CBS system, or the Rotterdam and AIDS akiper coefficients;
and

d2 = the coefficient associated with the differeneéneen the Rotterdam

and the NBR systems, or the Rotterdam and AIDSproefficients.

The Barten model empirically testg andso to estimate whether the AIDS or
Rotterdam model is most appropriatedqfandds are equal to zero, the Rotterdam
model is appropriate; &1 anddo are equal to one, the AIDS model is the bestfitlie

data. The likelihood ratio test is used to mea8aen’s method results.

Test for Structural Change

Mexico’s changing economy and shifting meat condiongprovides a basis to
support the hypothesis that a structural changedkas place in the meat sector during
the past decade. The largest catalyst in Mexieotsmomic changes may be credited to
NAFTA. NAFTA was the first comprehensive free teagreement between advanced

countries and a developing economy, and attribideke stability of the Mexican
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economy (Kose, et al. 2004). The amount of ingi$tom maquiladoras to fast food,
that has moved into Mexico from the U.S. has inicetl new products at lower prices
and has boosted the Mexican per capita GDP. Tauatdor this, a test is desired to
examine if changes in tastes and preferences maytd shifted the parameters of
Mexican meat demand after NAFTA.

Structural change has often been suggested thtbegtvidence of parameter
instability. However, Chavas (1983) suggests thahges in parameters over the years
may not be enough to affirm structural changeudral change is defined by Chavas as
a change in the basic hypotheses used in the @alysconomic behavior; model
specification and period selection might influetive results obtained. To avoid these
problems, two period selections are used to testfactural change in Mexican meat
consumption behavior. Tests for structural chamge been performed for meat
demand in several different ways, but the most comapproach for a demand system is
a simple intercept dummy (or binary) test. Ealed dnnevehr (1993) use this approach
in combination with a Wald test, but admit thatittiedings are only indicative, not
decisive. Even though their findings suggest ti@sbeen no structural change in U.S.
meat since the mid-1970s, there is still a strooggbility that an intercept dummy is not
a valid test for structural change and there alstinals been a shift in demand.

With this in mind, an intercept binary variable danincluded into the demand
system that is equal to zero from 1970-1994 andlequone for 1995-2004 This

accounts for two extra coefficients in the systene for each of the intercept shifter

! Interaction terms are often helpful in determingtifts in demand, but are difficult to utilize in
demand systems due to the imposed restrictionseowtole system.
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dummy variables in each of the meat demand equgatidhough there are three meats
being tested, the one dropped equation from the dezaand model results in the need
for only two binary variables. The inclusion oétimtercept binary variables allows a
shift in the demand intercept due to effects froAFYA. As a result, the new estimated
parameters are expected to be closer represertati@urrent meat demand in Mexico
than without the binary variables.

This approach should more accurately reflect meatahd in Mexico by
expanding the degrees of freedom through meangpdfiag data before 1995 and
combining it with current information after 199%he elasticities are then compared to
Garcia Vega’'s 1970-1991 results to determine gtetdies have changed in the past
decade. Though performing this structural chaegerhay decrease the significance of
the individual coefficients, this is the best atetive we are able to find to estimate the
parameters with time-series data given the lagkfofmation due to the short time

elapse since 1995.

Data
Mexican data for the consumption of beef, pork, emdken is available from
1970-2004, adding up to 35 years of data. By camgithis information with real prices
of each meat and the real total expenditures df geat from the same period, meat
demand will be derived to apply towards the models.
Consistency, accuracy, and availability are albpgms while researching

Mexican data, though. To circumvent this problemy sources that are comparable or
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consistent are used. Prices of each meat areneldtéiom a single Mexican source: the
Bank of Mexico. Consumption, though, is from tvaurces: SAGARPA, the Mexican
department of agriculture and the 1993 MexicaniBeasial Report to the Congress.
This seems the most appropriate, as the data teflee apparent consumption estimated
by both official Mexican sources. U.S. Departmeinfgriculture (USDA) data is
considered for the same time period, but the vaityabf the information doesn’t reflect
the results of other sources and the methods fasarement of the meat are assumed to
be different than Mexican sources.
Prices of Chicken, Beef, and Pork

All prices included in the models are in real 19@20s per kilo of meat. The
data used represent what the average consumellyapid in each year, thus equating
to nominal consumer prices (Table 4.1). To contcereal prices to account for inflation,
all observations have been deflated using the T9%sumer Price Index (CPI) for the
Mexican economy. Current consumer prices and @P1970-2004 were both found by
accessing the Bank of Mexico, an official Mexicanixe. All data sets are on an annual
basis, providing 35 observations for the model.

Prices of meat in Mexico haven’t always been deir@echby market forces. Beef
has historically been subject to the strictest goveent controls because it serves as a
price indicator for other meats (Garcia Vega). fgees have fluctuated throughout the
years, increasing variably in the 1970’s and 1980tssteadying in the early 1990'’s after
Mexico’s free trade agreements came into effeeefBias now declined to the lowest

real price that it has been at in the past 35 yelamsk prices have reflected beef prices,
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with similar fluctuations throughout time. Pork suaore expensive per kilogram in
1970, but permanently fell below beef prices in3.98&he price of pork stabilized, like
beef, in the early 1990’s and only increased dygis a result of the 1995-1996 peso
devaluation. Chicken has experienced some ofitictufations that beef and pork
underwent, but has gone through the least variatitine past 30 years; chicken has been
very consistent in its price decline and consunmpitnecrease. Technology has strongly
affected the price of chicken by increasing prontuncefficiency and lowering the final
cost to consumers. U.S. chicken prices have dtuedrop in price to Mexican
consumers as Mexican imports of U.S. chicken hageeased. Over the past 30 years,

the real consumer price of chicken in Mexico hageised over 63%.
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Table 4.1 Mexico: Consumer Meat Prices (Real 199PB per Kilogram)

Year Chicken Pork Beef
1970 65.85 67.80 55.33
1971 62.46 67.67 57.17
1972 60.29 64.91 57.89
1973 61.01 66.94 66.49
1974 58.55 70.58 67.08
1975 54.98 66.85 62.22
1976 53.18 62.66 57.05
1977 52.46 60.73 54.83
1978 53.35 63.72 62.66
1979 57.52 68.83 73.00
1980 51.92 64.25 68.76
1981 54.04 69.79 65.11
1982 55.42 72.61 68.89
1983 49.54 55.72 65.39
1984 48.23 63.81 72.91
1985 49.88 65.96 78.09
1986 42.97 51.18 61.86
1987 43.29 58.81 61.54
1988 46.71 66.28 70.48
1989 49.25 66.71 74.42
1990 43.94 63.20 66.16
1991 39.92 62.50 66.56
1992 35.06 57.59 63.17
1993 35.00 52.70 59.28
1994 33.17 50.17 56.31
1995 30.65 44.87 51.84
1996 32.78 49.20 53.03
1997 32.98 51.17 52.35
1998 32.43 46.52 50.00
1999 28.89 41.51 47.48
2000 27.93 41.15 45.19
2001 25.47 40.50 44.51
2002 24.06 37.04 42.83
2003 23.79 35.75 43.22
2004 23.92 37.99 47.46

Source: Bank of Mexico
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Quantity Demanded

For 1970-1991, per capita meat consumption is ctgtefrom the annual
Mexican Presidential Report to the Congress asghéd in Garcia Vega's dissertation
(1995). The Presidential Report compiles data fatimof the official Federal agencies in
Mexico. For 1992-2004 the (SAGARPA), also a Merisaurce that reports similar and
consistent units of demand to the Presidential Regoused. The data given is domestic
consumption of meat in thousand metric tons, wigdhen converted to kilograms for
consistency of data (Table 4.2). Yearly quantitiesranded of meat have varied through
the years, such as a large jump in the demand af mé986. The main demand
changes are believed to have occurred because effdtts of Mexican reform as the
country signed the GATT and NAFTA agreements. iyeéadecline observed in 1982
reflects a financial crisis that lasted until tagel1980’s, when the economy began to

stabilize.
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Table 4.2 Mexico: Per Capita Meat Consumption (gi&ms)

Year Chicken Beef Pork
1970 1.4 7.6 4.7
1971 1.4 7.8 4.7
1972 3.9 11.9 10.5
1973 4.1 12.4 11.5
1974 4.3 12.5 12.5
1975 4.5 12.4 13.4
1976 4.7 13.0 14.6
1977 4.9 13.2 15.8
1978 51 13.7 16.6
1979 55 14.6 17.4
1980 5.9 15.2 18.1
1981 6.2 16.4 18.5
1982 6.3 16.5 18.8
1983 6.3 13.7 19.8
1984 6.5 12.6 19.0
1985 7.7 12.6 16.5
1986 8.6 15.6 12.0
1987 8.4 15.7 11.2
1988 8.1 14.8 10.5
1989 7.7 14.1 8.9
1990 9.1 13.2 9.0
1991 10.3 13.8 11.6
1992 10.9 14.8 11.6
1993 12.5 13.4 11.3
1994 13.3 15.0 12.3
1995 14.7 13.5 11.5
1996 14.4 14.4 11.3
1997 16.4 15.0 11.6
1998 18.1 15.8 12.3
1999 19.2 15.7 12.6
2000 20.2 15.9 13.4
2001 21.3 16.2 13.7
2002 22.1 16.9 14.1
2003 23.6 15.6 14.4
2004 23.9 15.2 155
Sources: 1970-1990: Carlos Salinas de Goraunnto Informe de GobierndNovember 1993.

1991-2004: SAGARPA.
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CHAPTER V

RESULTS AND DISCUSSION

The coefficients and elasticities of the demand ehaded to analyze the Mexican
meat demand system are presented and discussed anépter. Binary variables are
then incorporated into the demand system to acdoughanges since NAFTA. By
dropping one equation from the model, the singtylari the variance-covariance matrix
of disturbances is avoided. The neoclassical ddmestrictions are imposed and the
parameters associated with the omitted demandiequat recovered. Significance of
each variable is represented by t-values, instéathodard errors, for convenience.
Parameter estimates and significance of the coafiic and elasticities are then
compared to the work of the most related reseayd@drcia Vega.

Barten’s method fails to statistically reject eitkiee Rotterdam or LA/AIDS
model, as calculated from the log-likelihood teédtith two degrees of freedom, a
likelihood ratio value larger than 5.99 would résnlthe rejection of the null hypothesis
that the given demand system is an appropriaterfihe data. The Rotterdam is equated
to have a likelihood ratio of 4.5 and the LA/AID8da likelihood ratio of 0.3596.
Because the Rotterdam model is used most oftentim#tseries regressions and has
previously been determined to be appropriate foxibén data (Malaga 1997), the
Rotterdam is assumed to be more appropriate tleabAPAIDS and is used for further

analysis.
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The Rotterdam model is estimated through nonlingatimum likelihood
method using the Shazam econometric software. odatelation is corrected for through
the use of the Cochrane-Orcutt method

Non-estimated parameters for the Rotterdam moded vezovered using the
classical restrictions of homogeneity, symmetry adding up (Table 5.1). The
coefficients are then used to derive the corresipgnelasticities (Table 5.2). The own-
price coefficients for chicken and pork are fourd to be significant at a 5%
significance level, but beef may be considered maty acceptable. Each beta
coefficient used to derive the expenditure elastgis found to be highly significant at a
5% level. The derived cross-price coefficientbeéf and pork are the only two that are
found to be significant at a 5% level, with a twelof 2.12. All other derived cross-price
coefficients are not statistically significant. devthough the model results in low
parameter significance, Garcia Vega's results ssiavilar significance problems with
the Rotterdam system, as not a single meat denwaftiatent derived by Garcia Vega's

study resulted in a significant t-value at a 5%mgigance level.

2 Prais-Winston estimation is not used due to thétditions of demand systems.
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Table 5.1 Meat Demand in Mexico: Rotterdam ModehbhRweter Estimates

Price of Chicken

Price of Beef

Price of Pork

Expenditures

R-Square

D-W Statistic

Chicken Beef Pork
-0.0293 -0.0551 0.0844
(-0.6422) (-1.2137) (1.3112)
-0.0551 -0.1437* 0.1987**
(-1.2137) (-1.7526) (2.1211)
0.0844 0.1987** -0.2831
(1.3112) (2.1211) (-0.2819)
0.1598** 0.2834** 0.5568**
(8.6282) (7.8934) (13.7783)
0.5039 0.4537
2.9689 2.9334

---- Pork equation was omitted. Parameters werevered using classical restrictions of

demand theory.

—>t-values are in parentheses

* significant at the 10% level
** significant at the 5% level
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The Rotterdam model results in negative own-priggdfallian and Hicksian
elasticities for all three types of meat, whereasoca Vega found beef and pork to have
positive own-price Hicksian elasticities. Garciagdealso resulted in unexpected
complementarities that seem to have correctedadthtional data. Pork is found to be
slightly complementary through both Hicksian andr8allian cross-price elasticities,
which is in agreement with Garcia Vega’s finding®ork is also still found to be the most
own-price elastic good in both Marshallian and Hiek terms, followed by beef.
Chicken, though, is still found to be quite inelasb prices. Therefore, the demand for
chicken may be suspected to be dependent upon diipres more than price. Pork
expenditure elasticity is above 1, at 1.45, indingathat it is still considered a luxury
good in Mexico, while chicken and beef are bothvatto still be normal goods.

The expenditure elasticities are all highly sigrafit at a 5% level, and the overall
significance of the Marshallian elasticities hag@ased since Garcia Vega's findings.
The Marshallian chicken-pork elasticity is now sfgrant at a 5% level, as well as the
chicken-beef Marshallian elasticity and the owreptbeef and pork Marshallian
elasticities. The cross-price Marshallian elastitor beef-chicken is significant at the
10% level. The Hicksian elasticities show own-pnpork to be significant, and cross-
price pork-beef and beef-pork to all be significanthe 5% level. The Hicksian own-

price elasticity of beef is significant at the 108¢el.
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Table 5.2 Meat Demand in Mexico: Rotterdam ModelsEtities

Expenditure Elasticities

Chicken

0.8328**
(8.6282)

Beef

0.6691**
(7.8934)

Pork

1.4481+
(13.7783)

Marshallian (Uncompensated) Elasticities

Chicken Beef Pork
Chicken -0.3125 -0.9125** -0.6756**
(-1.3188) (-4.0975) (-2.0770)
Beef -0.2024* -0.6226** -0.0361
(-1.8957) (-3.2741) (-0.1654)
Pork 0.1396 0.2046 -1.2931**
(0.8357) (0.8509) (-4.4154)
Hicksian (Compensated) Elasticities
Chicken Beef Pork
Chicken -0.1526 -0.2869 0.4395
(-0.6423) (-1.2137) (2.3113)
Beef -0.1299 -0.3391* 0.4691**
(-1.2137) (-1.7526) (2.1211)
Pork 0.2194 0.5169** -0.7364**
(2.3113) (2.1211) (-2.4908)

—>t-values are in parentheses

* significant at the 10% level
** significant at the 5% level
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Binary (Dummy) Results

As explained previously in the methods and proocesichapter, intercept binary
variables are introduced that equal zero from 18994 and equal one from 1995-2004
to represent changes in tastes and preferencesmélydbave occurred due to the
induction of NAFTA (Table 5.3). The binary variabladjust the intercept, enabling a
guantification of any changes in tastes and prat&® Thus, if the t-values for the
binary terms are significant, there is support thatructural change exists and the

demand elasticities should be adjusted for thetral change.
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Table 5.3 Meat Demand in Mexico: Rotterdam ModebReeter Estimates with Binary

Variables

Chicken Beef Pork

Price of Chicken -0.0224 -0.0681 0.0906
(-0.3668) (-1.3356) (1.4525)

Price of Beef -0.0682 -0.1106 0.1788**
(-1.5675) (-1.4386) (2.0237)

Price of Pork 0.0906 0.1788** -0.2694**
(1.4524) (2.0237) (-2.4910)

Expenditures 0.1578** 0.2895** 0.5527**
(8.6912) (8.7406) (14.6356)

Intercept Binary (D) -0.0252 0.0734**
(-1.3659) (2.0346)

R-Square 0.5295 0.5106

D-W Statistic 2.7126 2.7027

---- Pork equation was omitted. Parameters werevered using classical restrictions of

demand theory.
- t-values are in parentheses

* significant at the 10% level
** gignificant at the 5% level
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The test for structural change using binary vadalgrovides some support,
atleast for beef, to the assumption that tastepeafdrences have changed in Mexico
since 1995. But, the parameters more closelyaedlasticities that current survey data
studies have found. As seen in Tables 5.1 andte3;value for cross-price chicken-
beef parameters is -1.21 without binary terms ah&7 when binary terms are included.
Both of these t-values are not significant at thel8vel, but it is encouraging that a t-
value would increase through the use of the bitenms. All three expenditure
parameters’ t-values increase with the additiohioary terms, as well. When the binary
terms are included, the Hicksian price elasticijeserally decrease, with the exception
of chicken (Table 5.4). All Hicksian own price sli@ies decrease with the addition of
the binary terms, but chicken cross-price elaggiappear to be more price elastic than
without.

The Marshallian elasticities show all the sameificance with the binary
variables as without, with the exception of theckbn-beef cross-price elasticity. The
Marshallian chicken-beef elasticity is now calcathto be significant at a 10% level.
The Hicksian elasticities also show the same sigante with the binary variables as
without, except for the beef own-price elasticifyhe Hicksian own-price elasticity also

drops from significant at a 5% level to significatta 10% level.
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Table 5.4 Meat Demand in Mexico: Derived Rotterddodel Elasticities with Intercept
Binary Variables

Expenditure Elasticities

Chicken Beef Pork
0.8220** 0.6833** 1.4378**
(8.6912) (8.7406) (14.6356)

Marshallian (Uncompensated) Elasticities

Chicken Beef Pork
Chicken -0.2747 -0.9942** -0.6350**
(-1.1822) (-4.6346) (-2.0085)
Beef -0.2324** -0.5507** -0.0795
(-2.2709) (-3.0849) (-0.3865)
Pork 0.1569 0.1462 -1.2536**
(0.9687) (0.6441) (-4.4964)

Hicksian (Compensated) Elasticities

Chicken Beef Pork
Chicken -0.1169 -0.3552 0.4722
(-0.5018) (-1.5675) (1.4525)
Beef -0.1609 -0.2612 0.4221*
(-1.5675) (-1.4386) (2.0239)
Pork 0.2357 0.4651** -0.7009**
(1.4525) (2.0239) (-2.4910)

—>t-values are in parentheses

* significant at the 10% level
** gignificant at the 5% level
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The intercept binary variable for beef is significat a 5% significance level,
which implies that there has been a demand shifbdef since NAFTA. The chicken
intercept binary variable is not significant at 8% level, but since the demand for beef
and chicken is interrelated, a change in beef ddmaay also affect chicken demand. To
test this, a joint significance test is performedioe chicken and beef binary terms within
the demand system, which shows them to be signifigathe 5% significance level.

This may imply that there has been an overall shiftemand for meat in Mexico.
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CHAPTER VI

CONCLUSIONS AND IMPLICATIONS

Since the inception of NAFTA in 1994, Mexico hastmme one of the leading
importers of U.S. agricultural exports. This ipedally true in the meat sector, where
Mexico is now the second largest export marketX@®. beef and pork, and the third
largest export market for U.S. chicken. Thus, Wn8at production is becoming
dependent on Mexican consumers. At the same timezasing meat consumption is also
stimulating the Mexican livestock industry, gengrgia growing and critical market for
U.S. feed grains.

With this in mind, it is important to analyze thteusture and dynamics of
Mexican meat consumption. This knowledge can pi®wnvaluable information for
U.S. exporters of meat and feed grains interestédrecasting the strengths and
potential growth of the Mexican market. Previouslges have modeled Mexican meat
consumption in order to obtain demand parametéaeeto own-price, cross-price, and
income effects. However, these studies only inetlidata prior to the implementation of
NAFTA or have used only one year of cross-sectisnaley data. Since NAFTA has
dramatically altered Mexico’s per capita income,R;vage rate, ability to import
commodities, and meat marketing strategies, ikedyl that parameters that were
estimated in the past are no longer applicable.

Mexican meat demand parameters have been estimateslpast in several

different studies. Dong, Gould, and Kaiser (20@€Bd 1998 cross-sectional household
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survey data, and Golan, Perloff, and Shen (2004g 4992 cross-sectional survey data to
determine the demand parameters for several feaasitincluding meat. Both of their
results offer demand parameters for only a padicygar, and don’t incorporate any
changes that may have occurred over time. Buwgguttata offers many more
observations and increased degrees of freedontiadOé&ega (1995) used time-series
data in a Rotterdam and LA/AIDS model to estimhgNexican demand, but failed to
determine which model’s results are more appropfiatthe data. Their findings were
also limited to data from 1970-1991. This restrtctheir results due to the Mexican
economic crisis and peso devaluation in 1982, adwftchccount for the possible effects
of NAFTA. By incorporating 13 additional years, @Dwhich are after NAFTA’s
implementation in 1994, Garcia Vega’s study is exjeal in order to test whether the
Rotterdam or LA/AIDS model is most appropriate fbexico and to analyze whether the
demand parameters have significantly changed SiddeTA.

Meat consumption in Mexico has grown steadily sitheeinception of NAFTA.
The consumption shares of each type of meat haaegeld as well. Beef represented the
most highly consumed meat in Mexico in 1970, butkdn consumption has surpassed
that of beef since the mid-1990s. Mexican consemew appear to prefer chicken over
beef and pork. It is possible that meat consumgiiehavior of Mexicans has changed,
and not only in magnitudes of consumption.

Prices of meat in Mexico have also become mordestahce NAFTA. Price
fluctuations for meat have decreased, and imposedrgment tariffs are decreasing as

well. Meat imports from the U.S. are continuingite, coinciding with decreasing meat
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prices since the late 1980s, when the Mexican guorent began to open its borders with
free trade agreements.

NAFTA has also allowed less inhibited interactiatveen food distribution and
marketing channels in the U.S. and Mexico. Comgmim both countries are working
closer together to target consumers and lower cddtsy new and differentiated
products have been introduced into the Mexican setads well as larger amounts of
higher quality cuts of meat.

Integrated changes in relative meat prices anduropson trends have been
observed in Mexico after NAFTA, suggesting thatepdial structural changes may have
occurred on meat demand parameters. These chiaageded to the necessity of
updated estimations of elasticities to accountiese occurrences. The elasticities
derived in this study reflect these changes, andiges some evidence of structural
change since NAFTA.

Using Barten’s methodology and time-series datd 83t0-2003, the Rotterdam
model is found to be more appropriate empiricatgation than the LA/AIDS model
for the analysis of meat demand in Mexico when pbédef, and chicken are analyzed.
Hicksian and Marshallian own-price elasticities &irmeats are negative and the
expenditure elasticity for pork is found to be ab@ne, suggesting pork is a luxury meat
in Mexico.

Compared to previous studies, there is a differeamparameter estimation and
resulting elasticities since NAFTA. When contrdségainst Garcia Vega's findings,

higher t-values are found, which can be partlylaited to the inclusion of additional
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data. This increases the degrees of freedom imtuel, potentially providing more
robust estimates. Expenditure elasticities haweaneed relatively constant, but
individual and own-price Marshallian and Hicksidasgicities differ. Pork is confirmed
by its calculated expenditure elasticity to stéld luxury good compared to beef and
chicken. Beef, chicken, and pork are found to loeenprice elastic than they were before
NAFTA. Hicksian elasticities now reflect the expeat negative own-price elasticity
signs, whereas beef and pork show positive owregiasticities in studies before
NAFTA. The cross-price elasticities are diffictdtcompare due to low significance
levels, but our results confirm that cross-pridatrenships are weak with the exception
of pork and beef. Results indicate that beef dnicken are now substitutes, but chicken
and pork appear to be complements in Hicksian terms

In comparison to cross-sectional household sura¢g, dhere are many resulting
differences. Golan, et al. found that both beef pork were luxury goods and chicken
was a normal good in their study on the 1992 syraag that all three expenditure
elasticities are highly significant. The Hicksiawn-price elasticities they found
supported the well-behaved negativity expectatfonad in our time-series regressions.
However, they found that all three meats are sulss, contradicting our findings of
substitutability. Their findings agree that beeffpcross-price elasticities are
statistically significant at the 5% level, but afsoind that beef-chicken cross-price
elasticities are significant at the 5% level. Muifian elasticities were not calculated for
their estimations, and thus can’t be compared. gpenal. found even more

contradictory results, with all three meats caltadaas luxury goods instead of just
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poultry. Their 1998 expenditure survey data atp@es with the findings of negative
own-price Marshallian elasticities, but differsaross-price elasticities. They found that
beef and pork are complements, but poultry and &eesubstitutes. Poultry was found
to be the most elastic, followed by beef and therkp This is in opposition to what we
found: pork is the most elastic followed by beed éimen poultry. No significance values
were reported by Dong, et al. though, and so demtompared.

Structural change is commonly discussed in stuahesit demand for meat in
Mexico, because it is often believed that Mexicanstimers’ tastes and preferences have
changed with the country’s continuously developegnomy. Health concerns have
altered the demand for meat, and the result ohteB8E findings in the U.S. are
believed to have shifted the demand for beef evesmel. Grocery stores, such as Wal-
Mart, have changed the purchasing outlets for Maxmonsumers, and may have
resulted in changing tastes and preferences as Wwiklhg with this is the growth of
commercialized fast food restaurants that haveeagad the convenience of consuming
meat. Mexican consumers are experiencing manygesain their economy, and it is
uncertain if their tastes and preferences will rentlze same over the years or not.

To statistically test whether structural change&xbefore versus after NAFTA,
binary (dummy) variables are included into the Bathm model. This approach has
been used in previous demand studies in other geantThe intercept dummy method
shows that structural change may exist before 1888us after; meaning preferences in
meat demand in Mexico may have shifted after NAFTIAough the intercept binary

variable results show support for the hypothesas tthere has been a structural change, it
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doesn’t necessarily prove that there has beemetstal change. There is no general
consensus in the literature yet as to the besbapprfor testing structural change in
demand systems. For example, Davis (1997) consltide testing for structural change
in meat demand is illogical, as numerical shiftpamameter values may not reflect
changes in consumer preferences. Unquantifialdaggs in tastes and preferences may
exist, but limitations in testing procedures areatte to quantify the changes. Some
changes exist in the derived demand parameters edrapared to the findings of Garcia
Vega, but what causes these parameter shifts isowrk

With increasing demand and shifting preferencessibém imports of U.S. meat
are expected to rise to meet consumers’ wants eedsn The Mexican market has
shown to be even more critical to U.S. meat produizerecent years than previously.
With incidences such as BSE findings and resubbiaugs of U.S. meat by foreign
countries around the world, Mexico was the firsteapen its borders and allow U.S.
meat trade to resume. The strong integration btwiee Mexican and U.S. markets, as
induced by NAFTA, is expected to continue to fogpawth in U.S. meat exports in the
coming years as well as Mexican consumers imporemueeat.

The updated parameter estimations are criticahtterstanding forecasted
consumption and trade in meat. The estimated peteaeimay be connected with
bilateral livestock and feed grain trade models,ads1d are necessary to simulate impacts
of policies on market changes on the overall Néutterican grain/ livestock/ meat

markets.
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Limitations and Future Research

Mexican data has historically been problematic,i®imnproving over time with
better data collection methods and technology. ststency of data is also improving
with structured government recording and the dateecoming more reliable as well.
The meat industry is changing so quickly thought this often difficult to differentiate
meat products for study. Whether the meat is fiazerefrigerated; cut, prepared, or
carcass; organic, branded, or natural; every diffeated product has a varying demand
associated with it. Specialization of meat produstone advantage of freer world trade,
as sellers are now more able to meet consumergsw&iowever, this poses a problem
for researchers because the products are no longerm. Larger databases and
demand systems will help to evaluate new demandtsies over time. Survey data will
also aid as a comparison point and can be comlowexdseveral years to form pooled
data. This approach should be more accurategdtiag the current demand as well as
checking for trends over time. Surveys are berropmed at frequent intervals in
Mexico with extremely large sample sizes. Thusyeys are considered more
econometrically acceptable than time-series dathisirestricted to low degrees of
freedom, and could prove to be a more effective@ggh than time-series data alone.

Structural change will continue to be a topic dérnast, as developing countries
are signing free trade agreements that may leatht&et and demand changes. Free
trade agreements have shown to vastly increasegpéa GDP and lower costs of goods
in a developing country that makes a trade alliamitie a developed country. NAFTA

was the first free trade agreement to include @ldging country with developed
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countries, and has been followed by a series @nteicee trade agreements signed by the
U.S. with other countries or regions.

The study of meat demand in Mexico will continuenéed to be updated as major
changes pursue in the Mexican economy. In 2008 edt and feed grains traded
between the U.S. and Mexico are expected to be lepeypfree of tariffs and non-tariff
barriers under NAFTA regulations. The attainmdrftee trade may prove to be a
critical factor in increasing Mexican meat demand ahanging tastes and preferences,

and may also catalyze industry growth for meaheaupcoming years.
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APPENDIX A

SHAZAM PROGRAM FOR ROTTERDAM MODEL

READ(MASTERLIST.DIF)

GENR Y=PCH*CHCONS+PB*BCONS+PP*PCONS
GENR WCH=CHCONS*PCH/Y
GENR WP=PCONS*PP/Y

GENR WB=BCONS*PB/Y

GENR LWCH=LAG(WCH)

GENR LWP=LAG(WP)

GENR LWB=LAG(WB)

GENR LCHCONS=LAG(CHCONS)
GENR LBCONS=LAG(BCONS)
GENR LPCONS=LAG(PCONS)

**Generating Lag Prices

GENR LPCH=LAG(PCH)

GENR LPP=LAG(PP)

GENR LPB=LAG(PB)

SAMPLE 2 35

GENR DCHCONS=LOG(CHCONS/LCHCONS)
GENR DBCONS=LOG(BCONS/LBCONS)
GENR DPCONS=LOG(PCONS/LPCONS)
SAMPLE 2 35

GENR DPCH=LOG(PCH/LPCH)

GENR DPB=LOG(PB/LPB)

GENR DPP=LOG(PP/LPP)

SAMPLE 1 35

GENR LY=LAG(Y)

SAMPLE 2 35

GENR DY=LOG(Y/LY)

GENR AWCH=.5*(WCH+LWCH)

GENR AWB=.5*(WB+LWB)

GENR AWP=.5*(WP+LWP)

**Generating Dependent Variables
GENR WDCH=AWCH*DCHCONS
GENR WDB=AWB*DBCONS
GENR WDP=AWP*DPCONS

**Generating AY
GENR AY=DY-((AWCH*DPCH)+(AWB*DPB)+(AWP+DPP))
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**Running System

SYSTEM 2/ RESTRICT RSTAT NOCONSTANT

OLS WDCH AY DPCH DPB DPP

OLS WDB AY DPCH DPB DPP

RESTRICT DPB:1-DPCH:2=0

RESTRICT DPCH:1+DPB:1+DPP:1=0

RESTRICT DPCH:2+DPB:2+DPP:2=0

END

SAMPLE 2 35

SYSTEM 2/RSTAT NOCONSTANT

OLS WDCH AY DPCH DPB DPP

OLS WDB AY DPCH DPB DPP

END

SAMPLE 2 35

NL 2/NCOEF=5 PCOV CONV=.0001 ITER=300 RSTAT PITER=5
EQ WDCH=C11*DPCH+C12*DPB-(C11+C12)*DPP+B1*AY
EQ WDB=C12*DPCH+C22*DPB-(C12+C22)*DPP+B2*AY
END

**Auto correction

SAMPLE 2 35

NL 2/NCOEF=5 AUTO PCOV CONV=.0001 ITER=300 RSTATTEIR=50
EQ WDCH=C11*DPCH+C12*DPB-(C11+C12)*DPP+B1*AY

EQ WDB=C12*DPCH+C22*DPB-(C12+C22)*DPP+B2*AY

END

**Interactive Term Inclusion
GENR D=DUM(TIME(0)-26)
SAMPLE 2 35
NL 2/NCOEF=10 AUTO PCOV CONV=.0001 ITER=300 RSTATTER=50
EQ WDCH=C11*DPCH+C12*DPB-(C11+C12)*DPP+B1*AY+D1*D
EQ WDB=C12*DPCH+C22*DPB-(C12+C22)*DPP+B2*AY+D2*D
TEST
TEST D1=0
TEST D2=0
END

**No Restriction

NL 2/NCOEF=8 AUTO PCOV CONV=.0001 ITER=300 RSTATTEIR=50
EQ WDCH=C11*DPCH+C12*DPB-C13*DPP+B1*AY

EQ WDB=C21*DPCH+C22*DPB-C23*DPP+B2*AY

END
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APPENDIX B

SHAZAM PROGRAM FOR BARTEN’'S METHOD

READ(MASTERLIST.DIF) / DIF

*Generating Total Expenditures
GENR Y=(PCH*CHCONS+PB*BCONS+PP*PCONS)

***Generating DQIT or LOG(QI/QI-1)
GENR LCHCONS=LAG(CHCONS)
GENR RCHCONS=CHCONS/LCHCONS
GENR DCHCONS=LOG(RCHCONS)
GENR LBCONS=LAG(BCONS)

GENR RBCONS=BCONS/LBCONS
GENR DBCONS=LOG(RBCONS)

GENR LPCONS=LAG(PCONS)

GENR RPCONS=PCONS/LPCONS
GENR DPCONS=LOG(RPCONS)

***Generating W*it or the Average Budget Share
GENR WTCH=(CHCONS*PCH)/Y

GENR LWTCH=LAG(WTCH)

GENR WCH=.5*(WTCH+LWTCH)

GENR WTB=(BCONS*PB)/Y

GENR LWTB=LAG(WTB)

GENR WB=.5*(WTB+LWTB)

GENR WTP=(PCONS*PP)/Y

GENR LWTP=LAG(WTP)

GENR WP=.5*(WTP+LWTP)

***Generating Q the sum of Wit*Dqit
GENR Q=WCH*DCHCONS+WB*DBCONS+WP*DPCONS

****Generating W*Qit variables for Barten Model
GENR WQCH=WCH*Q

GENR WQB=WB*Q

GENR WQP=WP*Q

***Generating DPit=LOG(Pit/Pit-1)
GENR LPCH=LAG(PCH)

GENR RPCH=(PCH/LPCH)
GENR DPCH=LOG(RPCH)
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GENR LPB=LAG(PB)
GENR RPB=(PB/LPB)
GENR DPB=LOG(RPB)
GENR LPP=LAG(PP)
GENR RPP=(PP/LPP)
GENR DPP=LOG(RPP)

***Generating Wit*Dpit
GENR WDPCH=WCH*DPCH
GENR WDPB=WB*DPB
GENR WDPP=WP*DPP

***Generating P=Sum of WDPit
GENR P=WDPCH+WDPB+WDPP

***Generating Wit*(DPit-SUM(Wit*DPit)) for Barten Aoproach
GENR WPCH=WCH*(DPCH-P)

GENR WPB=WB*(DPB-P)

GENR WPP=WP*(DPP-P)

***Generating Wit*DQit

GENR WDCHCONS=WCH*DCHCONS
GENR WDBCONS=WB*DBCONS
GENR WDPCONS=WP*DPCONS

****Program for the Barten Approach Model on US Dand System
*Complete Model w/o Constant

SAMPLE 2 35

NL 2/NCOEF=7 AUTO PCOV CONV=.0001 ITER=200 RSTAT

EQ WDPCONS=-
(G12+G13)*DPP+G12*DPB+G13*DPCH+Q1*Q+L11*WQP+L12*WPP
EQ WDBCONS=G12*DPP-
(G12+G23)*DPB+G23*DPCH+Q2*Q+L11*WQB+L12*WPB

END

*Complete Barten Model with Constant Term

NL 2/NCOEF=9 AUTO PCOV CONV=.0001 ITER=200 RSTAT

EQ WDPCONS=A1-
(G12+G13)*DPP+G12*DPB+G13*DPCH+Q1*Q+L11*WQP+L12*WPP
EQ WDBCONS=A2+G12*DPP-
(G12+G23)*DPB+G23*DPCH+Q2*Q+L11*WQB+L12*WPB

END

*Barten Model with &1=&2=1 (AIDS) w/o Constant
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NL 2/NCOEF=5 AUTO PCOV CONV=.0001 ITER=200 RSTAT

EQ WDPCONS=-(G12+G13)*DPP+G12*DPB+G13*DPCH+Q1*Q+W&WPP
EQ WDBCONS=G12*DPP-(G12+G23)*DPB+G23*DPCH+Q2*Q+WQRBPB
END

*Barten Model with &1=&2=1 (AIDS) with Constant Tier

NL 2/NCOEF=7 AUTO PCOV CONV=.001 ITER=200 RSTAT

EQ WDPCONS=A1-(G12+G13)*DPP+G12*DPB+G13*DPCH+Q1*Q®~N+WPP
EQ WDBCONS=A2+G12*DPP-(G12+G23)*DPB+G23*DPCH+Q2*Q-B+WPB
END

*Barten Model with &1=&2=0 (Rotterdam) w/o Constant

NL 2/NCOEF=5 AUTO PCOV CONV=.001 ITER=200 RSTAT

EQ WDPCONS=-(G12+G13)*DPP+G12*DPB+G13*DPCH+Q1*Q
EQ WDBCONS=G12*DPP-(G12+G23)*DPB+G23*DPCH+Q2*Q
END

*Barten Model with &1=&2=0 (Rotterdam) with Constaherm

NL 2/NCOEF=7 AUTO PCOV CONV=.001 ITER=200 RSTAT

EQ WDPCONS=A1-(G12+G13)*DPP+G12*DPB+G13*DPCH+Q1*Q
EQ WDBCONS=A2+G12*DPP-(G12+G23)*DPB+G23*DPCH+Q2*Q
END
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