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The Structure of U.S. Red Meat and Livestock Imports
Abstract

The Flexible nonlinear almost ideal demand systarasestimated for U.S. import
demand for red meat and livestock (live cattle hogs). Included in the model are
domestic consumption on beef, pork, and chickee. fEsults reveal that fresh beef and
live cattle are own price elastic; while other prots are much more inelastic. Imported
fresh beef is much more superior to imported frdzeef. Sheep, cattle, hogs, and
chicken fall in superior good category. In all case cross price elasticities of imported
products with respect to prices of domestic proslocitweigh the cross price elasticities
of domestic products with respect to prices of inga products, suggesting that
consumers are more responsive to domestic prieesittported prices. Furthermore,
BSE significantly affects imports of cattle, freskef, and hogs.

1. Introduction

U.S. imports of red Meat and livestock have stgadireased in recent years.
Between 1996 and 2006, imports of red meat incceisen 2.76 to 4.26 billion pounds
and imports of hogs increased from 2.78 millionch&a8.76 million head. U.S. imports
of live cattle have experienced similar patterngrehimports increased from 1.97 million
head in 1996 to 2.6 million head in 280&lthough, the total share of meat imports is
currently only about ten percent of total US meatsumption in volume, it is expected
that imports continue to grow in the future. Acdagito USDA long term projections,

U.S. imports of beef and pork (the two major conmgats of red meat) in 2008 are

! Data on red meat imports were from red meat yesrland data on live hog and cattle were
from FAS online (HTS 4 digits classification). UiBiports of live cattle decreased significanth2i003 at
a level of 1.75 million heads when U.S. banned @amalive cattle due to the BSE discovery in Canada
but imports resumed immediately following the ehiation of the ban and reached at a level of 2.30
million heads in 2006.



projected to reach 3.37 billion pounds and 1.0Hobilpounds, respectively. Notably, the
United States is currently the world’s largest impoof beef and is among the top four
importers of pork (USDA, 2007a).

Given the importance of meat imports in total ndisappearance in the U.S.,
understanding the demand for differentiated meadislisestock and the factors shaping
it would help understanding this growing marketderstanding the demand and its
parameters would be of importance to the U.S. rmedtlivestock producers as well as
policy makers in developing effective policies &ted towards increasing U.S.
producers’ income and market shares. Furthermoost of previous studies have
focused on domestic aggregate consumer demanddoneat (Braschler 1983; Chavas
1983; Moschini and Meilke 1984; Eales and Unneu€@8; Brester 1996; among
others) and few have investigated U.S. import dehfanred meat.

This study contributes significantly in the litaxeg, particularly in import demand
analysis for red meat and livestock. This studfedsf from previous studies in several
aspects. First, it disaggregates data using HTigidallassification. The use of these data
provides relevant parameter estimates since implatesare reported in the form of HTS
classification. Second, this study includes congiondgrom domestically produced
meat. This is very important given the fact thastraf U.S. red meat consumption is
from domestic supplies. Furthermore, the inclugbdomestically produced meat can
mitigate the strong separability assumptions betvekemestic and imported meats
(Alstonet al., 1990 and Yang and Koo, 1994). Third, this stuslgs more recent monthly
data from 1989 to 2006, covering the period in Whiovine spongiform encephalopathy

(BSE) was found in both Canada and the United Statee results of this study,



therefore, provide new parameter estimates that miore precise and optimal policy
analysis for both the United States as an impantérforeign suppliers.

The primary objective of this study is to estiméte U.S. import demand for red
meat and livestock. The specific objectives of #tigly are to: (i) estimate U.S.’s import
demand elasticities for red meat and livestock; @h@rovide policy recommendations
for U.S. imports of red meat and livestock. Thelysia is based on estimations using the
flexible nonlinear Almost Ideal Demand System (A)D&pplied to monthly data from
1989 to 2006. The results of this study are intdrtdeprovide and update parameter
estimates, particularly import demand elasticiobeésed meat and livestock provided in
the literature

The remainder of the paper is organized as foll@&estion 2 describes the
empirical AIDS model and its estimation. Sectiodigusses the data and their sources.
Section 4 provides estimation results and subséiyugiscusses the main findings and
their policy implications. The main conclusions atenmarized in section 5.

2. Empirical Specification of the AIDS M odel

Among the many demand specifications in the litegtthe Rotterdam model
and the Almost Ideal Demand System (AIDS) have laehmostly utilized models in
empirical demand analysis. This is because theafyproaches possess some useful
properties including (local) flexibility, compatilty with demand theory, ease of use,
familiarity and plausibility (Alston and Chalfart993). The choice between the two
depends on the specific data set being used (Bddadtough and Diewert, 1977) and the
specific situation that is being studied (Dhar, Gtgaand Gould, 2003). The Rotterdam

model, for example, may perform better than the &\Dr a particular data set drce



versa; and in some instances either model may not laldaifor a particular data set
(See Alston and Chalfant, 1993).

This study uses the original version of the noedinAIDS model for a number of
reasons. First, the model designates theoreticaadd equations that follow the basic
tenets of economic rationality. It represents giffile complete demand system and does
not require the additivity of the utility functiofyrthermore, it satisfies the axiom of
choice exactly and allows aggregation perfectlyr@amsumers (Deaton and Muellbauer,
1980). The (locally) flexible functional forms alpoovide enough parameters to
approximate any elasticity at a given point (Baraed Seck, 2006). Second, although
the Rotterdam model has also the desirable pregestidemand theory, specification
tests based on the test developed by Alston andaDhé1993) indicated that the AIDS
model is superior to the Rotterdam for the datadpeised in this study. Third, the use of
the non-linear AIDS can mitigate the criticism b&tLA/AIDS version for being
internally inconsistent and lacking in approximatroperties (Buse 1994, 1998; Hahn,
1994; Moschini, 1995).

Following Deaton and Muellbaur, the non-linear Akhldeal Demand System

(NLAIDS) is specified as:
D w=a+Xy |n(pi)+'gi|n(%j,
i

where w is the budget share of goadp; is the price of goofl mis total expenditure

on all goods in the demand system d@hdeing the translog price index defined as:

@ InP)=ay+ Tan(p)+5 XYY n(pIn(p).



a;, 3, andy; are coefficient to be estimated where= %(y{; +¥;)-

To comply with the demand theory, the basic restms for the demand system

can be imposed on the parameters. These are:

Adding up: zai =1 Zyij =0 Zﬁi =0
Homogeneity: Zyij =0,fori=1,2,....... , n;

i
Symmetry: Vi = V;-

The uncompensated or Marshallian price elastgitan be derived from the

Marshallian demand functions expressed in experaghbares and is given by

__g5+5i_[A
(3) & = 5ij+W (WJ(aj+;ykjlnpk]

where g; is the Kronecker delta that takes the value ofibiwej and zero otherwise

(Green and Alston 1990). The Income or expendiglasticity for good is given by

@ =148
W

In this study, the demand system consists ofrsported products: fresh beef,
frozen beef, pork, sheep and goat meat, live catitehogs; and three domestically
produced products: beef, pork, and chiékdme grouping of imported products is based
on the HTS-4 digit classification. Live cattle amaogs are included in the analysis
because these two products are components of ratdane play important roles in the

U.S. red meat consumption. It is realized that timdle may be imported as feeder cattle

or cattle for slaughter such that each category beagifferentiated from the other; and

2 For simplicity, at this point and on, the term radat refers to all the six products (fresh beef,
frozen beef, pork, sheep, live cattle and hogs).



hence should be disaggregated. Because of thdimédttion, in this study the two
groups are combined as live cattle.
3. Estimation Procedures

The system of share equations represented by {L{2) is nonlinear in the

parameters and the parametgi(the intercept term in the price equation 2) may be

difficult to estimate and is often set to some ptedmined value. Following Moschini,

Moro and Green (1994}, is set to zero. There are a total of nine demajd#ons in

the system; but one equation: sheep equation adnatper the purpose of estimation.
Therefore, the system has one less quantity derdahde price variables. The
coefficients of dropped equation can be recoveraah the adding-up restriction. In this
study, another equation: live swine is droppedtaedsystem is re-estimated to obtain the
sheep equation and its associated standard effbesresults are very close to the
parameters calculated from the adding-up restnctio

In empirical analysis, it is often argued that tleenand system composed of
equations (1) and (2) may suffer from expenditurgogeneityj.e. biased and
inconsistent estimates. The expenditure variabie equation (1) may not be truly
exogenous, since it is used to calculate the depgndriable (Henneberry,
Piewthongngam and Qiang, 1999). In fact LaFran881) argues that endogeneity of
expenditure is likely to be a generic issue indemand analysis and therefore should be
taken care of in estimation. Price endogeneityatan arise in the estimation process
when price determination involves significant ippiesy of supply and demand (Dhetr

al, 2003) and if products are differentiated (Ber994).



Prior to estimation, tests for the presence oktexiture endogeneity using the
Wu-Hausman procedure were performed. The resuiigesti that the hypothesis of
endogeneity in expenditure can not be rejectedyesstqng a need to control for
endogeneity bias in the model estimation. In #eewf prices, we found two of the nine
prices exhibit endogeneity. Due to difficulty intalming supply and demand shifters and
given that only two prices exhibit endogeneity, tveat prices as exogenous variables.

There are two approaches normally used to cofdr@ndogeneity in empirical
studies, namely instrumental variable estimatiath explicit specification of price and
expenditure equations (Dhetral,, 2003). The first approach involves determinirgga
of instruments that will be used in the estimatiornthe case of nonlinear demand
system, it is relatively difficult to select instngéntal variables because the system itself
involves many variables to be estimated. Berry )%®ated that any straightforward
application of instrumental variables for nonlineguations such as in the AIDS model
normally creates difficulty in estimation proce$he second approach typically involves
specifying reduced form functions which are estadgointly with the share equations.
This study adopts this approach because it isvelgtstraight forward and more
applicable than the first approach.

The reduced form of expenditure equation is spetiis a function of income

and time trend (Blundell and Robin, 2000) and gilgn
(5)  In(m) =g+gIn(Inc) +@In(Inc?) + @T
where Incis personal consumption expenditure dnd’ is the squared of personal

consumption expenditure afids time trend. Data on personal consumption exihered

are from Bureau of Economic Analysis (BEA) and egged in billion of dollars. The



reduced form of expenditure function (5) is est@dgbintly with the share equation (1)
and (2) using the full information maximum likelind estimation (FIML).
3. Data and Sour ces

Monthly data from 1989 to 2006 are used in thidyamms Import data for all meat
products were obtained from Foreign Agriculturattics (FAS online), USDA.
Quantity of imports is expressed in numbers fogsiock (cattle and hogs) and in metric
tons for other products. Prices for livestock aréallar per head and for other products
they are in dollars per metric ton. Because imparitses for each product are not
available, unit values are used as a proxy. Thevatie is obtained by dividing import
dollar values by import quantities. The drawbackhid approach is that prices can only
be observed when there is trade. When there isade,tworld prices, which are
estimated equal to total import value from all cioi@s divided by total quantity
imported, are used. Expenditure is equal to thdywbof quantity imported and its
corresponding price, which is also equal to impaities.

Domestic consumption on red meat and chicken amgrsd from National
Agricultural Statistics (NASS) and other USDA pualiions: red meat yearbooks,
poultry yearbook and livestock, and dairy and pguwutlook. Domestic beef
consumption is in million pounds of retail weiglouevalent, domestic pork consumption
is in million pounds domestic chicken consumpti®mgady to cook of young chicken in
thousand of pounds. Prices of domestic beef ankl gnerretail value in cents per pound
and price of chicken is young composite chickenegim cents per pound. Total
consumption of red domestically supplied and imgabrheat and chicken are calculated

after unit values and prices are converted in dmesmeasurements.



The sample statistics of expenditure shares fdn pemduct are summarized in
Table 1. Over the sample period, the United Stspesit an average of 3.34 percent of its
meat consumption on red meat and livestock imptirts .not surprising that the United
States spent most of its meat consumption on dacaétgtproduced meat and chicken.
Of total expenditure on red meat and livestock irtgpdhe United States allocated some
34 percent of its import expenditures on livest@ztle: 28 % and hogs: 6%).
Surprisingly, live cattle and hogs alone accouritecs high as 51 percent and 14
percent of total expenditures on red meat impogtgectively. Frozen beef ranked first
in red meat import expenditures, accounting fop8dcent with the maximum
expenditure share of 64 percent. Fresh beef arldipgorts accounted for of 17 and 14
percent of total expenditure on red meat and lo@stmports, respectively. Sheep meat
imports are the least in term of expenditure shants4 percent of total import
expenditures on red meat imports.

Sheep and goat meat prices are highest among iadh@d meat products with
an average of $3493.7 per metric ton, followedrbgarted fresh beef, pork and frozen
beef prices. A record high of imported fresh be#feis $5483.4 per metric ton which
occurred in June 2003, right after the BSE casefawa®d in Canada. Average prices of
imported cattle and hogs are $543.13 and 78.08gwt, respectively. Average domestic
beef, pork and chicken prices are recorded as 9124.18, and 153.34 cents per

pound, respectively.
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4. Regression Results
5.1. Parameter Estimates

Table 2 presents the estimated coefficients ofléxgble nonlinear AIDS model
with symmetry and homogeneity restrictions and i@imig for expenditure endogeneity.
Because the test for autocorrelation indicatetiesence of autocorrelation, the model
was estimated allowing errors to be autocorreltdgtie first order. Breusch-Pagan and
white tests of heteroscedasticity were carried Hotheteroscedasticity was detected at
the 5 percent level of significance by either afgé tests.

There are a total of 63 parameter estimates, dinajuexpenditure and dummy
variables for BSE. Because the parameter estinodtbe demand system are based on
the non-linear demand systems, price and incomealimes are non-linear functions of
parameters and variables and therefore individoefficients may not have the usual
interpretations or expected signs. In this casedtbcussion will focus on elasticity
estimates and the coefficients of dummy variabie BSE.

5.2. Elasticity Estimates

Results for the estimated price and expenditastieities are reported in Table 3.
In the imported products, fresh beef and cattlenaneh more elastic than frozen beef,
pork, sheep, and hogs. Furthermore, fresh beeépsitattle, and hogs are superior good.
On the other hand, pork and frozen beef do noirathe category of superior good. In
the domestic products side, the three product dedun the study are all price inelastic
with beef having highest price elasticity (absohgdue) of, followed by chicken and

pork. Chicken is, however, the only superior gootbag the domestic products.
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The estimate of own price elasticity for imporfegsh beef is -1.19. This is
higher than the own price elasticity of domestiefoghich was found to be -0.782.
Demand for imported frozen beef, on the other hadpt sensitive to price changes. Its
magnitude is -0.481 and not significant at any@eable level of significance. These
estimates suggest that imported fresh beef is rauphkrior to imported frozen beef. This
is true given the fact that imported fresh bedfigh quality product; while imported
frozen beef is relatively lower quality manufactgibeef. The superiority of fresh beef is
also shown by its expenditure elasticity at 1.68hpared to 0.309 for imported frozen
beef.

Similar to beef, estimate of own price elasti¢ay pork imports is higher than
that of domestic pork, which is reasonable givext import (and export) demand
elasticities are typically higher than domestic dach As shown in Table 3, own price
elasticities for pork imports and domestically prodd pork are -0.656 and -0.469,
respectively. Both import and domestic demand tok have expenditure elasticities of
less than one.

Own price elasticity of sheep meat imports istreddy high with its magnitude of
-0.972. Expenditure elasticity for sheep meat ing@r also found to be quite high at a
level of 2.082. Domestic demand for chicken isasat with the magnitude of -0.541,
but it is elastic in terms of expenditure. For likke animals, cattle imports seem to
exhibit unitary price elastic with an own pricestlaity of -1.02. This figure is smaller
than the elasticity reported by Buhr and Kim (19@hp found that U.S. live cattle
imports from Canada is price elastic with the magite of -1.5. Animal disease

particularly BSE is argued to have contributedesslelastic import demand for cattle.
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Since the discovery of BSE in May 2003, for examfile United States banned US
imports of cattle from Canada. This can also ba e a dummy variable representing
BSE case, which will be discussed in the subsecsemtion. Estimate of own price
elasticity for hogs imports is -0.423. The expemditresults suggest that both cattle and
hogs imports are expenditure elastic.

Overall, the results for own price elasticitiegegi in this study are quite
reasonable. This can be shown when they are codhpatie previous studies, where
estimates of own price elasticities in this stualyih the range of empirical estimates. As
shown in Table 4, elasticity estimates of domestimand for beef, pork, and chicken
given in this study are relatively moderate comgaveéh empirical studies as cited. In
the case of import demand, we were not able todmg@irical comparisons since there is
no closed study that estimated import demand fbimeat. Worth to mention is a study
by Brester (1996) that reported that import demaadticities for ground beef and table-
cut beef are -0.96 and -0.80, respectively.

The cross-price elasticities in Table 3 represabstitutability or complementary
among meat products and livestock studied hermadst cases cross-price elasticities are
not significant with low in magnitudes. The relatships between imported beef (fresh
and frozen) and domestic beef are worth to menfAsrshown in Table 3, the cross-price
elasticity of imported fresh beef with respectfte price of domestic beef is 1.785 and
significant, suggesting that imported fresh beef domestic beef are substitute to each
other. Similarly, imported frozen beef and domebgef are also substitute to each other
with cross price elasticity of 1.611. When lookaigthe converse, however, the results

show quite different in magnitudes. As shown thiass elasticity of domestic beef with
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respect to either imported fresh beef or frozerf beenearly zero. This indicates that
price of domestic beef has greater impacts on aekper shares of imported beef than
price of imported beef does on expenditure shardsmestic beef.

With respect to chicken, both imported fresh anoddén beef are found to be
complementary products to domestic chicken. Sityil@omestic beef and domestic
chicken are complementary products to each othes .fact that beef and chicken are
complementary products is consistent with the studioschini and Meilke. Imported
pork and domestic pork are substitute productsthmit elasticity estimates are not
significant. Pork and chicken show complementalgti@ships.

Looking at live animals, cattle and domestic kerefsubstitute products; while
cattle and pork (imported and domestic) show complgary relationships. Hogs and
domestic pork show much more substitute relatiqgpsshs expected.

Estimates of expenditure elasticities are displagehe last column in Table 3.

All parameter estimates are statistically signifiicat the 1 percent level. Frozen beef and
sheep are found to be expenditure elastic. Thigesesting because these two goods are
imported from Australia and New Zealand, while otheods are mostly imported from
Canada. This likely suggests that U.S. importsdédrmeat from Australia is expenditure
(income) driven, likely influenced by strong demandhe fast food/take out industry.

6. Concluding Comments

This paper analyzes U.S. imports of red meatlffleef, frozen beef, sheep meat,
pork, live cattle, and hogs) using the flexible im@ar AIDS model. The analysis also
takes into account expenditure endogeneity. Theblle nonlinear AIDS model is

adopted to avoid the problem associated with liag@g@roximation and the inclusion of
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expenditure endogeneity is to avoid bias and inster® estimates that may occur in the
estimation. Price and expenditure elasticities (3.Umports of red meat are estimated
based on price and expenditure coefficients froenNbhAIDS model.

The estimated results reveal that fresh beefigadhttle are own price elastic;
while other products are much more inelastic. Ingubfresh beef is much more superior
to imported frozen beef. Sheep, cattle, hogs, &mken fall in superior good category.
The cross price elasticities show more complemgm&dationships, with forty one of the
seventy two cross price elasticities having a negatign. Furthermore, the cross price
elasticities point to interesting conclusions. lircases, the cross price elasticities of
imported products with respect to prices of donegstoducts outweigh the cross price
elasticities of domestic products with respectriogs of imported products, in term of
both the magnitudes and statistical significandes Suggests that consumers are more
responsive to domestic prices than imported prices.

Dummy variable for BSE significantly affect impsif cattle, fresh beef, and
hogs. Impact of BSE on possible structural changsasticity is an upcoming topic that
needs to be addressed and investigated. Stillamthpcoming research, it would also be
worthwhile to develop and estimate the models udisgggregated data that can take

two forms: (i) based on higher HTS classificatioml i) based on import sources.
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Table 1. Expenditure Shares and Prices of U.S.NReait and Livestock

Imports, 1989:1 — 2006:12.

Meat/Import Source Mean Std. Dev. Minimum Maximum

Expenditure Shares

Fresh Beef 0.0058 0.0026 0.0014 0.0121
Frozen Beef 0.0102 0.0034 0.0039 0.0230
Pork 0.0047 0.0009 0.0029 0.0069

Sheep 0.0014 0.0009 0.0003 0.0040
Cattle 0.0094 0.0034 0.0011 0.0192

Hogs 0.0019 0.0010 0.0005 0.0043

Domestic beef 0.3404 0.0233 0.2827 0.3951
Domestic Pork 0.3369 0.0199 0.2919 0.3993
Domestic Chicken 0.2893 0.0204 0.2341 0.3401
Average Prices

Fresh Beef 2854.8 637.64 1986.5 5483.4
Frozen Beef 2139.6 372.15 1478.4 2918.5
Pork 2209.9 293.01 1516.7 2890.4

Sheep 3493.7 1185.9 1538.6 6402.4
Cattle 543.13 102.78 336.81 767.47

Hogs 78.08 19.53 31.82 120.19

Domestic beef 314.89 48.40 258.20 431.70
Domestic pork 241.18 28.78 187.40 289.80
Domestic chicken 153.34 9.89 135.65 178.88

Source: Authors’ calculation. Average prices argregsed in nominal value. Prices of
fresh beef, frozen beef, pork and sheep are in@l&rdgoer metric ton; prices of cattle
and hogs are in US dollar per head; prices of dambsef, pork, and chicken are in
cents per pound.
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Table 4. Own Price Elasticity: Present and Emplrfitsiimates

Products Present Eales & Moschini & Alston &  Expicuned
Study  Unnevelir Meilke® Chalfant  Elasticity’
I mported
Fresh Beef -1.194 - - - 1.639
Frozen Beef -0.481 - - - 0.309
Pork -0.656 - - - 0.913
Sheep -0.972 - - - 2.082
Cattle -1.020 - - - 1.178
Hogs -0.423 - - - 1.830
Domestic
Beef -0.782 -0.570 -0.983 (-1.050) -0.98 0.868
Pork -0.469 -0.762 -1.015 (-0.839) -0.17 0.879
Chicken -0.541 -0.276 -0.090 (-0.104) -0.94 1.291

dCompensated aggregate elasticities (1988ore (after) structural breaks (1989);
°Estimated using the Rotterdam Model (199B)esent study
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Table 2. Estimated Coefficients of the Flexible SlModel: Controlling for Expenditure Endogeneity

Budget Share
FrBeef  FzBeef Pork Sheep Cattle Hogs Dbeef Dpoidchk
Price fresh beef -0.0012
(-0.75)
Price frozen beef -0.0017 0.0047
(-1.01)  (1.14)
Price Pork -0.0003  0.0006 0.0016
(-0.38)  (0.65) (1.95)
Price sheep 0.0008 -0.0008 0.0001 0.0004
(1.33)  (-1.10)  (0.29) (0.98)
Price live cattle  -0.0002  0.0014 -0.0006  -0.0004 0.0002
(-0.03)  (0.65) (-1.36) (-1.30) (-0.13)
Price hogs -0.0014 -0.0012  -0.0003 0.0001 -0.0001 0.0011
(-2.89)  (-1.95) (-0.64) (0.55) (-0.23) (3.68)
Price dom. beef 0.0133 0.0108 -0.0005 0.0038 0.0158 0.0019 0.0386
(4.56)  (1.05) (-0.22) (2.82) (2.25) (1.35) (0.92)
Price dom. pork ~ 0.0038  -0.0094 0.0015 -0.0003 01688~ 0.0031 -0.0781 0.1470°
(0.90)  (-0.93) (0.92) (-0.28) (-3.07) (2.45) (-2.01) (2.96)
Price chicken -0.0139 -0.0044  -0.0023 -0.0034 0.0009 -0.0032 -0.0048  -0.0512 0.0826
(-4.09) (-0.48) (-1.69) (-3.26)  (0.17) (-3.94)  (-0.16) (-1.68)  (2.50)
BSE -0.0017 0.0007 0.0007 0.0002 -0.0064 0.0015 0.0033 -0.0094  0.0111
(-1.98) (0.24) (1.48) (0.65) (-2.99)"  (4.34) (0.28) (-0.79)  (1.20)
Expenditures 0.0037 -0.0071  -0.0004 0.0015 0.0017 0.0017 -0.0448  -0.0406 0.0843
(2.57)  (-1.80) (-0.62) (3.28)  (0.72) (3.96) (-2.55) (-2.15)  (7.06)"
R? 0.879  0.470 0.745 0.871 0.659 0.925 0.646  010.5 0.893
DW 1.527  2.801 1.847 2.136 1.478 2.02 2.089 2.075 1.914

FrBeef = fresh beef; FzBeef = frozen beef; Qbedbmestic beef; Dpork=domestic pork; Dchk=domedticken. Numbers in
parentheses are estimated t-statistics. , and” are significant at the 1 percent, 5 percent andetfent levels, respectively.
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Table 3. Elasticity Estimates Controlling for Expéanre Endogeneity

FrBeef  FzBeef Pork Sheep Cattle Hogs Dbeef DporkDchk Exp.
FrBeef 1194 -0.344 0.048 0.147 0.001 -0.235 1.785°  0.159 201" 1.6397
(0.287) (-1.21) (0.34) (1.44) (0.01)  (-2.74)  (3.50) (0.21) (-3.41)  (0.248)
FzBeef -0.187 -0.481 0.062  -0.092 0.134  -0.127 1.611 -0.385  -0.844  0.309
(-1.17) (0.382) (0.74) (-1.27)  (0.65) (-2.10)  (1.73) (-0.35)  (B)9 (0.385)
Pork 0.063 0.130 -0656 0.021 -0.126  -0.056  -0.031 0.376  -0.6380.913"
(0.36) (0.71) (0.176)  (0.27) (-1.37)  (-0.65)  (-0.07) (1.07) (-1.84) (89
Sheep 0.425  -0.613 -0.018 -0.972"" -0.284 0.103  1.895 -1.223  -1.657 2.082"
(1.06) (-1.32) (-0.07) (0.027) (-1.32) (0.68) (1.95) (-1.46)  (-2.17)  (0.330)
Cattle 0.004 0.136 -0.062  -0.043 -1.020 "~ -0.004 1544 -1.930° 0.199 1.178
(0.05) (0.61) (-1.29) (-1.26) (0.160) (-0.13)  (2.16) (-3.03) (0.38 (0.246)
Hogs -0.683 -0.663  -0.134 0.036  -0.024 -0423"° 0.284 0.890 -1.1i2 1.830"
(-2.74)  (-2.14) (-0.66)  (0.35)  (-0.18) (0.155) (0.39) (1.47)  (-2.68) (0.210)
Dbeef 0.035  0.043 -0.000 0.007 0.046 0.004 -0.782"° -0.127 -0.092 0.868
(4.15) (1.52) (-0.05)  (1.36)  (2.28) (0.85) (0.115) (-1.06)  (-1.05)  (0.052)
Dpork 0.007  -0.018 0.005 -0.0010 -0.051 0.007 -0.136 0469 -0.224° 0.879"
(0.59) (-0.59) (1.10) (-0.24)  (-3.00) (2.04) (8)2 (0.172) (-2.51) (0.056)
Dchk -0.010  -0.040 -0.012 -0.007 0.005  -0.007 -0.248"  -0.404  -0541" 1.291"
(-1.22)  (-1.23) (-2.05)  (-1.58)  (0.30) (-2.26) .@0Q) (-3.55) (0.114) (0.041)

FrBeef = fresh beef; FzBeef = frozen beef; Numliefsarentheses are estimated t-valles. , and are significant at the 1 percent,
5 percent and 10 percent levels, respectively.u@ob represent 1 percent percentage price chadg®was represent percentage
change in demand. A number of -0.548, for exangdlews cross elasticity of fresh beef demand taegpeéage change in frozen

beef price.

22



