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Changesin Import Demand Elasticity for Red Meat and Livestock: Measuring the

Impacts of Animal Disease and Trade Policy

Abstract

This paper estimates import demand functions fomneat and live cattle and investigates the
impact of BSE and the trade ban on Canadian Gattlebeef on U.S. import demand elasticity
using an error correction model (ECM). The ressittsw that beef, pork, and live cattle were
price inelastic prior to the BSE case. There hanlstatistical evidence of the effect of BSE
and the trade bans on import demand elasticitgvorf of more elastic demand. The effect is,
however, quite small in absolute values for por# baef imports and is relatively more elastic
for live cattle. But the import demand elasticit@ghe three products are still inelastic. The

use of ECM model provides efficient and robustreates of the parameters.
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Introduction

U.S. imports of red meat have steadily increaseddrnt years and are expected to
grow in the future. According to USDA long-term pactions, U.S. imports of beef and pork
(the two major components of red meat) in 2008aogected to reach 3.37 billion pounds and
1.04 billion pounds, respectively. Notably, the tédi States is currently the world’s largest
importer of beef and is among the top four impartdrpork (USDA,; and for several years, the
United States has been net importer of red me&. ithports of live cattle have experienced a
similar pattern. During the period of 1996 - 20025. cattle imports increased from 1.97
million to 2.6 million head. The discovery of BSE2003 resulted in a trade ban that decreased
cattle imports significantly, particularly from Caata. The discovery of BSE not only impacted
cattle imports but it also changed the structurgdd®fred meat and livestock trade.

Given the importance of meat and cattle import®ial meat disappearance in the
United States, understanding the demand for redsnaea livestock and the factors shaping it
would clarify the underlying demand parametersddiifig) this growing market and aid in
policy formulation. Understanding the demand asgérameters would be of importance to
U.S. meat and livestock producers as well as poliakers in developing effective policies
targeted toward increasing producers income an@tehahares. The main objective of this
study is to estimate U.S. import demand functiamgéd meat (beef and pork) and live cattle
and derive elasticities based on the estimated deruactions. The study furthermore aims to
measure the impact of animal disease and tradeypmti elasticities.

The discovery of bovine spongiform encephalopaBfyH) has impacted meat and live
animal trade and in turn, the structure of measaoamption. Examining the impact of BSE on

demand parameters is crucial. Most of previousietudave focused on domestic aggregate



consumer demand for red meat (Braschler; ChavascMoi and Meilke; Eales and Unnevehr;
Brester and a few have investigated U.S. importatehfor red meat.

Previous studies strictly assumed that the datd usthe analyses were a stationary
process such that all traditional econometric themplied. However, it is argued that not all
time series data do exhibit a stationary procésis. argued that performing a regression with
these non-stationary data would result in the $leatdspurious regression,” which is a serious
problem because conventional asymptotic theory adom applied (Granger and Newbold,
1974; Maddala and Kim; Banerjekal.). The proposed solution for this problem is tdkenthe
non-stationary process into a stationary one thialifjerencing. A number of studies related
to demand analysis have used the difference equémes and Unnevehr; Henneberry and
Hwang). However, it is also argued that analyzhmgdata using difference equations alone is
not adequate because all information about potdatig run relationships between the levels
of economic variables is lost (Hendry). Obvioushis approach disregards the potentially
important, long run relationships among the lewglghe series to which the hypotheses of
economic theory are usually taken to apply. Th@psed answer to this dilemma is to retain
the variables in levels which convey such informatiThese models are known as error
correction models (ECM) (Davidsahal.), which is used in this study.

This study contributes significantly to the litared, particularly in import demand
analysis for red meat and livestock as it diffeosrf previous studies in several aspects. First, it
disaggregates data using HTS-4 digit classificafidre use of these data provides relevant
parameter estimates since import data are reportise form of HTS classification. Second,
the use of an ECM model has advantages over thelsmttht account only for differences in

analyzing non-stationary data and confronts spsrregression. Therefore, the ECM model



solves the inference problem when using non-statioseries. Finally, this study uses more
recent monthly data from 1992 to 2006, coveringréoent discovery of BSE that reshaped red
meat and live cattle trade and related policies.
Theoretical and Empirical Models

Error Correction Model

By definition, the term ECM is usually referreddalass of models in which it is
explicitly assumed that two or more time seriesaldes stochastically trend together and that
deviation from a long run equilibrium condition éback into short run dynamics so that a
long run relation tends to be maintained (Stockg.$tandard method to derive the error

correction model is to show thatXfand y, are integrated processes and are co-integrated, the
residual ofy, regressed or should be stationatyHowever, some authors occasionally derive

the error correction model from the autoregresdig&ibuted lag (ADL) model through linear
transformation. Bardsen (1989) developed a lineausformation of the ADL for the ECM

representation. Following Bardsen (1989), the gdmapdel of the ADL can be written as:
p

(1) Yi :ao+Y—1a+sz,5j U,
j=1
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Note that the coefficierd, represents the constant term, but could alsoveetar
including other deterministic components such as@eal dummies and trends. And also note
that the number of lags may not be the same, buhéease of convenience they are treated

the same. After performing linear transformatids&rdsen (1989) comes up with the following

equation:
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wherea represents the first difference and the numbeags bn allx; are not necessarily

equal.

There are no restrictions imposed in (2) suchéltimating (1) and (2) will give
identical results. However, more is implied in §&)ce this equation reveals explicitly the short
run dynamics in the form of differenced terms amellbng run coefficients. Furthermore,
specification (2) may provide a more efficient stay point for conducting a specification
search for a parsimonious model under the null thggis of an error correction representation
of these data generating processes (Bardsen, 1992).

It is obvious that equation (2) is simply an erorrection model (ECM). This can be

seen by rewriting (2) in the form of
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where the term in brackets is the error corredimm anda,, is the adjustment coefficient.
Bardsen (1989) further noted that the long runfedehtsd, are derived from (2) by the
following formula
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One may notice that the error correction term showthe brackets does not contain a
constant and consequently wonders what if the aahserm were inserted into the system. In

fact, this is an important point in favor of thisdel in that the estimated coefficients on the



error correction terms are unaffected by the inomafon of any constant (Banerjetel .,
1993; p.52).

Equation (2) can be easily and directly estimatadgiOLS, which gives the short-run
dynamics as the coefficients of the differencechgeand the long-run coefficients as the ratios

of the level coefficients. It also provides estiathvariance of long-run parameters. Given
thaté?j =-pB,,!a,,, the large sample variance éjf is given by
A N2 A \2 - R
® va@)= [ﬁJ Var(B;) + (ﬁ} Var(d) + Z{a—‘ﬂ [ﬂJ cov(B, ).
a5, da,, 08, |\ 0a,,
Equation (5) is equivalent to
(6) var@)) = (@) \var(B,) + (6,2 var(@,) + 28, cov(B,,.d7)|.
Empirical Model
Three imported products are analyzed in this stkdgsh beef (HTS 0201), Pork (HTS
0203), and live cattle (HTS 0102). The import detchaunctions are specified based on the
common demand theory where quantity demand is hgsated to be a function of own price,
substitute product prices, and other demand skiftech as income. The import demand for
pork and beef are expressed as a function of owe,momestic beef price, domestic pork
price, chicken price, income, and domestic productif associated products. Cattle imports
are specified as a function of own price, pricesrgdorted and domestic beef, cattle on feed,
and income. Price of imported beef is included &asure substitutability between imported
cattle and imported beef. The models include mgrthmmy variables to account for
seasonality in consumption, production, and shigpin
One of the main features of this study is to meapossible changes in import demand

elasticity due to, particularly, animal diseased ttade policy. The discovery of BSE in May



2003 in Canada has reshaped beef and cattle fraddJnited States, for example, banned
imported cattle from Canada. Although the ban \aéer leliminated, the impacts of the BSE
are hypothesized to carry over for a period of tifiteerefore, it is plausible to model the
demand function that allows elasticity to vary witle BSE discovery.

This model is represented using a dummy variatdecan be illustrated using a simple

demand functiong = a + fp, whereqis quantity demand angis own price. Ifgand p are
in logarithmic values, the represents demand elasticity. Allowing elasticttyary over

time using a dummy variable, the above demand immcian be specified

as.qg=a + fp+DP, whereDPis a multiplicative variable of dummy variable aman price.
In this case, the demand elasticity becomess + D, whered = 8 indicates demand
elasticity prior to the BSE discovery ahd 5 + D represents elasticity after the BSE

discovery or the period whei@ takes the value of 1.

In this study,D is a structural dummy variable which takes a valueero prior to BSE
discovery and one since the BSE discovery. Foptitk and beef equations, the cutoff point
for the BSE dummy variable is May 2003. Theref@réakes the value of 1 if observations fall
after May 2003 and O otherwise. For the cattle #quathe dummy variable is more restrictive
in that D takes the value of 1 if observations fall in theiqd of May 2003 to August 2005.
This is because after August 2005, U.S. cattle mspeem to rebound to the level of that prior
to the BSE discovery.

Invoking the ECM of the Bardsen transformatiom, three import demand equations

can be written as follows (See Table 1 for variatgénitions):
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Cattle Equation
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[Insert Table 1 Approximately Her €]

Equations (7), (8), and (9) show the dynamic mad&he import demand functions for
pork, beef, and cattle, respectively. The summatapture the short-run dynamics and all
parameters of the summations indicate the shorpanameters. The inclusion of the lagged
dependent variable is to account for habit formmgtwehich is usually important in demand
specification. The terms in brackets represenEf@® term, which provides the stationary

long-run solution. For examplé,,, in (7) measures the stationary long-run impagark



import price B,,,) on pork imports Q,, ) J;m Is the coefficient of adjustment that measures
the impact omMAQ,,, of being away from the long-run target.

Testing the Order of Integration and Co-integration Relation

The Augmented Dickey-Fuller (ADF) and Phillips-Rer (PP) unit root tests were used
for determining the order of integration of theightes under consideration. The lag length
was chosen based on Akaike Information Criterigd)fdnd Schwarz Bayesian Criteria (BIC),
and the sequential testing of the coefficient efldst lag (general to specific criteria). If twio 0
these comply with each other, the correspondinddiagth was chosen. If there is no
compliance among them, the choice is made accotditite one that gives the longest lag
length.

Results of the unit root tests are given in TablE& the levels of the series, the ADF
test suggests that none rejects the null hypotloésienstationarity at a reasonable level of
significance. On the other hand, the PP test shioatgwo of the series reject the null
hypothesis of nonstationarity. After first diffex@ng, each series rejects the null hypothesis of
nonstationarity at the 1 percent level of significe. Hence, based on the ADF and PP tests, it
is concluded that all the variables used in thdysare integrated with the order of one|(@)
and thus the summations of first differences capguthe short-run dynamics in equations (7),
(8), and (9) are stationary.

[Insert Table 2 Approximately Her €]

In order to ensure the existence of long run smist the co-integration test was
performed using the multivariate co-integrationt tdslohansen and Juselius (Johansen, 1988;
Johansen and Juselius, 1990) on each of the thueiens. There are two different test

statistics to determine whether co-integrationti@hes exist, namely the trace tegt () and



the maximum eigenvalue test,(, ). The critical values for co-integration tests tieen from

Mackinonet al., Table IV for Case Ifl The results shown in Table 3 suggest a cleacitidin
of co-integration in all case$he trace and maximum eigenvalue statistics eqailyoconfirm
the existence of one, three, and two co-integratemtors in the pork, beef, and cattle
equations, respectively. Hence, the linear comlmnatin the ECM parentheses in equations
(7), (8), and (9) represent co-integration relaiand thus can be interpreted as stationary long
run solutions.

[Insert Table 3 Approximately Her €]

Regression Results

The models in (7), (8), and (9) were estimatedgisionthly data from 1992 to 2006.
The data were obtained from Foreign Agriculturaiv@®es and National Agricultural service of
USDA, U.S. Bureau of Economics Analysis, and U.Grdau of Labor Statistics. Definitions
of variables are given in Table 1.

A series of missispecification tests were emplogea@ check on the validity of the
import demand functions, where their parametenedts and diagnostic statistics are
presented in the bottom portion of Tables 4, 5,&ndhe ARCH (q,T-k-2q) is the LM test of
the d" order serial correlation and autoregressive candit heteroscedasticity introduced by
Engle (1982). As shown in the bottom of each tathle null hypothesis of no serial correlation
and homoscedasticity can not be rejected at théet@bin each case. Tests for higher orders of

g (not reported) also suggest similar conclusidd®RM is the Jarque—Bera normality test

(Jarque and Bera) of the residuals. The test islulised as((zz). The statistic of NORM shows

that the hypothesis of normality can not be regetiethe 5% level. The possibility of

10



autocorrelation was checked using both the D-Wssited. The statistics indicate that
autocorrelation is not a problem for the specifisadel.

A check of the regression (correct) specificatiemaloped by Ramsey, called RESET
test was also conducted. The procedure is perfobyeesting the relevance of adding the
squared predicted values to the original model. RBSET test shows no evidence of
functional form misspecification at the 1% levdlhe lag length was decided based on the
procedure suggested by Bardsen (1989) as welkasfibrmation criteria (BIC and AIC). The
lags of four in the cattle equation, five in thekpequation, and six in the beef equation were
found to be sufficient to account for residual @otoelation. Based on overall tests, one may
conclude that the estimated demand functions fdt, fieef, and cattle satisfy all the diagnostic
tests and provide generally plausible estimates.

Tables 4, 5, and 6 present empirical estimatethfopork, beef, and cattle equations,
respectively. Due to the large number of parametémates, estimates for short run dynamics
and monthly dummy variables are not presentededastempirical estimates are reported for
the long run variables from which economic variakdee usually derived and selected short
run elasticity estimates that are derived fromgthert run parameters. In term of short run
parameter estimates, in general, the results shatabout 40%, 46%, and 52% of short run
parameter estimates were significant in the paalt/es and beef equations, respectively. All
the lagged values of the dependent variables hegative signs and are significant and their
values are less than one, as expected.

Concerning economic interpretations, the demandtioms as reported in Tables 4, 5,
and 6 are basically similar to the regular demdime difference is that they constitute both

long run and short run estimates. The short ruamaters are indicated by the variables in
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differences (not reported) and the long run pararsedre represented by the variables in levels.
The values can be interpreted directly since thdahwas estimated assuming m = n in
equation (2). That is if there is a change in dipaar variable, the effect on quantity
demanded is determined by the magnitude of thesponding parameter.
Pork Equation

As shown in Table 4, all variables in the pork dopraare significant at either 1% or
5% significant level, except for domestic pork ptiwith the coefficient of determination of
0.72. The coefficient of adjustment is -0.698 aigahificant at the 5% level. This value
indicates that there is an adjustment of 70% aferations from the long run equilibrium.

[Insert Table 4 Approximately Her €]

The long run coefficient®; show long run elasticity estimates. Prior to the&eBS

discovery, the own long run price elasticity of panports was found to be inelastic with the
magnitude of -0.91. The short run elasticity wa®ahelastic but the magnitude was smaller: -
0.50. The interaction term of the BSE dummy vagadoid pork price shows the effects of the
BSE on elasticity. As can be seen in Table 4, dhg Fun parameter estimates of interaction

term (6,,,) is -0.062 and significant. This suggests thatidng run elasticity of pork imports

pm
after the BSE discovery is more elastic with thgmtade of -0.97. One should note that
although the parameter is statistically significainé absolute impact is quite small. In the
short run, the impact of BSE is not significant &inel sign is positive and low in magnitude of
0.02.

Domestic beef and chicken were found to be sulbstiroducts for pork imports. The
parameter estimates are significant with the magdes of 1.58 and 0.78 for domestic beef and

chicken, respectively. A negative parameter of detiragoork price, which does not necessarily

12



imply the good is not a substitute, is difficultjtsstify since the parameter is not significant at
any reasonable level. The parameter estimate fmedtic pork production is negative as
expected and significant, suggesting that pork inspadjust in a different direction as there is
a change in domestic pork production. The resoliad that pork imports are income elastic
with the magnitude of 3.13.
Beef Equation

Regression results for the beef equation are peovid Table 5. In terms of parameter
estimates, five of the seven coefficients are ficant. The adjustment coefficient is negative
as expected. This value is —0.49, indicating thahe short-run, agents increase (decrease)
their quantity imported by 49% of the last periogisess demand for beef imports. The long
run price elasticity prior to the BSE discovery w4 and significant. The short price
elasticity, on the other, had a positive sign wht@ magnitude of 0.26; but it is not significant
at any reasonable level. The parameter estimatid® afiteraction term of the BSE dummy
variable and the price of beef imports are sigaificand negative, suggesting that beef imports
are more elastic after the discovery of the BShil&r to pork imports, the impact of BSE on
elasticity is small in magnitude at 0.04. Thusltreg run price elasticity after the BSE
discovery for beef imports is -0.78. Parametemnesties for domestic pork and chicken prices
are positive and significant, suggesting that theseproducts are substitutes for beef imports.
The cross price elasticities for domestic pork enidken are 0.97 and 2.04, respectively.
Relatively high cross price elasticity of beef imjsao chicken indicates consumer’s
preferences of white meat over red meat.

[Insert Table 5 Approximately Her €]

13



Parameter estimates of domestic beef price and staneeef production show the
expected signs; but they are not significant. Asashin Table 5, cross price elasticity of beef
imports to domestic beef price is 0.35 and thetielasadjustment of beef imports to domestic
beef production is -0.23. Beef imports are incotaste at 4.32.

Cattle Equation

The estimated results of the cattle equationpnted in Table 6, show that three out of
six long run parameters are significant. The laicktatistical insignificance for imported beef
price, cattle on feed, and income is partly duhéodominance effects of BSE on cattle
imports. As BSE was discovered in 2003, the Un8&ates banned US cattle imports,
particularly from Canada. The US government lalienieated the ban and cattle imports
resumed in August 2005. This can be observed flentoefficient of the interaction term
between BSE dummy variable and cattle price. Asbeaseen, this coefficient is -0.20, which
is far larger in absolute value compared with thgisen in beef and pork import equations.
The long run price elasticity for cattle importddre the BSE discovery is -0.76 and it is -0.96
during the BSE or the ban period. The estimatedt sho price elasticity before the BSE is -
0.11 but the coefficient is not significant.

The coefficient of adjustment is -0.659, indicgtthat in the short run there is an
adjustment of 66% after deviation from the long eguilibrium. Domestic beef is found to be
a substitute product for cattle imports with thess price elasticity of 1.95. The coefficient of
beef import price is negative, but it is not sigraht. Therefore, there is no clear indication
what is the relationship between beef imports attdecimports. Parameter estimates of cattle
on feed and income have contrary signs, but theyat significant at any reasonable level.

[Insert Table 6 Approximately Her €]
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Concluding Remarks

The purpose of this study was to estimate U.Sommgemand functions for red meat
and live cattle using a dynamic econometric moa¢he form of error correction model
(ECM) and derive elasticities based on the estichdemand functions. The main feature of
this study is that it accounts for the propertiethe series in the model, which is structured in
the ECM framework. By applying an ECM, this studslan advantage over the previous
studies because it incorporates the time seriggepties and hence eliminate the doubt of
spurious regression. Therefore, the estimated raquelide more efficient and robust
estimates. Furthermore, this analysis also accdanthort run deviations from long-run
equilibrium and yields estimates of elasticitieboth the short run and long run.

Prior to the BSE discovery, estimates of own-palasticities indicate that pork and
beef imports were price inelastic with magnitude0®1 and -0.74, respectively. The results
show statistical evidence of the effects of BSEelasticities, but the magnitudes are quite
small. After BSE, import demand elasticities forkpand beef were found to be -0.97 and -
0.82, respectively. Cattle imports are also fountd price inelastic at-0.66, before the BSE
discovery. The effect of BSE and the trade ban sderbe higher than the previous cases.
After BSE, import demand for live cattle was founde -0.86, a 0.20 point increase in
absolute value. It is worth pointing that the mela&stic import demand after the BSE discovery
may not be affected by BSE or trade ban alone.el'mght be other factors contributing to the
change in elasticity estimates. Disentangling dactors from each other requires more
detailed analysis.

The results suggest that domestic beef and chiakeesubstitutes for pork imports.

Similarly, domestic pork and chicken are also stugsss for beef imports. There is no

15



statistical evidence to determine the relationshgtsveen domestic pork and pork imports and
domestic beef and beef imports. Domestic beef apfede a substitute product cattle
imports. But such a conclusion should be cautiawetsidering the nature of the two products.
Both beef and pork imports are income elastic. ilbeme parameter for cattle imports is not

significant and negative.
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Endnotes
! The basic idea behind co-integration is that éreelement of a vector time sersachieves

stationary after differencing, and if a linear conation @' X is stationary, theiX , is said to be co-integrated
with co-integrating vecta . Since@' X, is stationary, it will always manifest a tendemayevert to its (zero)
mean, that izr' X, = 0; therefore there will exist a tendency to retwiong run equilibrium. Engle and

Granger interprety’ X, = Oas the long run equilibrium relationship betweem¢tements oK, (Granger, 1981;

Engle and Granger, 1987).

2 Table of critical values of these two tests haserbcomputed, in particular Johansen and Juselius
(1990), Osterwald-Lenum, Johansen (1995), Mackiktaug, and Michelis, and Pesaran, Shin, and Sité.
Mackinon’s critical values that are based on resp@urface regression are confirmed to be much awmarate
than any published previously. Note that Pesaraalses were previously appeared in working papsgison in

1999.
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Table 1. Variable Definitions for the Import Demand Models

Standard
Symbol  Definition Mean Deviation
Qum Quantity of pork imports — HTS 0203 (million pow)d 50.79 15.37
Qun Quantity of beef imports — HTS 0201 (million poshd 52.58 18.69
Q. Quantity of cattle imports — HTS 0102 (heads) DOr8 60459
Qqpa U.S. domestic pork production (million pounds) 245 110
Qgou U.S. domestic beef production (million pounds) 411 100
Q. U.S. number of cattle on feed (thousand heads) 5997 1334
Pom Price of pork imports (cents per pound) 60.75 7.78
(= Price of beef imports (cents per pound) 78.09 1.6
P, Price of cattle imports (US $ per head) 330.77 630.
P Price of domestic beef (cents per pound) 190.49 .6914
Py Price of domestic pork (cents per pound) 146.14 505.
P4 Price of young composite chicken (cents per pound) 92.37 5.72
G U.S. personal consumption expenditures (billioheds) 3757 502

Prices for imported products are unit values. Aitgs and income are in real values, deflated
using CPI. Data are monthly series from 1992 ta6200

18



Table 2. Augmented Dickey-Fuller (ADF) and Phillips-Perrd?R) Tests for Integration Order

Variable ADF PP
1(0) I(1) 1(0) I(1)
Imported products
Q,m : Pork imports -1.749 -23.122 -2.898 -23.127
Q,,: Beef Imports -2.109 -11.373 -2.992 -14.479
Q., : Cattle Imports -3.127 -5.919 -2.272 -13.887
Q. : Cattle on Feed -1.104 -4.055 -1.347 -9.808
Prices
P, : Pork imports -2.115 -15.596 -2.351 -15.596
R,.: Beef imports -2.680 -15.809 -2.680 -15.809
P,.: Cattle Imports -2.239 -4.133 -2.262 -14.825
R, : Domestic beef -1.765 -10.894 -1.713 -11.325
P,: Domestic pork -1.557 -12.875  -2.093 -12.875
P, : Chicken -1.247 -17.875 -1.312 -18.102"
Other Variables
Qqq : Pork Production  -1.076 -3.467 -4.967° -24.615
Quq : Beef Production  -2.336 -5.484 -7.291 -29.047"
G :Income 1.440 -18.29 1.376 -18.292°

Note: 1. All prices and income are in real valaed all variables are in log values.
2. Test statistics for PP test are for estimatex
3. and indicates significant at 5% and 1%, respectively.
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Table 3. Multivariate Co-integration Tests of the Variableshe Import Demand Functions

Hypothesis r=0 r<1i r<2 r<3 r<4 r<b
95% Quantiles

ATrace 160.87 127.05 97.26 71.44 49.64 31.88

A max 52.41 46.31  40.19 34.03 27.80 21.49
Pork Import Equation

Eigenvalue 0.327 0.190 0.181 0.095 0.076 0.041

ATrace statistics 184.8 115.6 78.72 43.84 26.35 12.47
A maxStatistics 69.2 36.9 34.88 17.49 13.87 7.35
Beef Import Equation

Eigenvalue 0.563 0.312 0.276 0.141 0.094 0.044
ATrace statistics 319.9 175.9 110.8 54.68 28.33 11.20
A maxStatistics 144.0 65.1 56.1 26.35 17.12 7.92
Cattle Import Equation
Eigenvalue 0.349 0.223 0.175 0.111 0.044 0.031
ATrace statistics 188.7 1131 68.65 34.84 14.21 6.23
A maxStatistics 75.7 44.5 33.82 20.63 7.97 5.61

The Statistics of trace antimax (maximum eigenvalue) are defined in Johansen (1888
Johansen and Juselius (1990). The number of vagablpork and beef equations is 8 and in
the cattle equation 7. Therefore the right critialues forr = 0in the cattle equation should
be replaced by <1, and so forth. The statistics in bold are sigaificat the 5% level.
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Table 4. OLS Estimates of Import Demand Function for Pork

Variable Parameter Estimates Standard Error
Quantity: Qs -0.6975 0.1154
Pork Price:P,,, s -0.6379 0.1423
Beef Price:Py 1.1047 0.2403
Pork Price:P,,, 5 -0.1863 0.3185
Chicken Price:Py, 0.5464 0.2711
Pork Price x D:BP,, s -0.0432 0.0133
Dom. Pork Prod.Q. . -1.1815 0.4794*
Income: G, . 2.1834 0.4654
Long Run Parameters

O -0.9145 0.1509***
4, 1.5837 0.2066***
6. -0.2671 0.4543
o, 0.7834 0.3689
Ghom -0.0619 0.0163
B, -1.6939 0.6251
6, 3.1303 0.4205

Diagnostic Statistics’
R?=0.7176; RESET = 1.9184(0.1687); D-W = 1.91939Q9)
NORM: x2(2) = 5.4634 (0.0651); ARCH = 0.1444 (0.7039)

“and” are significant at 5% and 1%, respectiv8lyumbers in parentheses are probability of
rejecting the null hypothesis.
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Table5. OLS Estimates of Import Demand Function for Beef

Variable Parameter Estimates Standard Error
Quantity: Q... -0.4908 0.1173
Beef Import Price:R,,, -0.3656 0.1383
Beef Domestic PriceB,, 0.1699 0.3102
Pork Domestic PriceP,; ¢ 0.4782 0.2672
Chicken Price:P,, 1.0001 0.3831
Beef Import Price x DBR,,,, -0.0390 0.0192
Dom. Beef Prod.Q ;¢ -0.1121 0.6030
Income: G, 2.1221 0.6703
Long Run Parameters

a,, -0.7449 0.2725
8, 0.3462 0.6591
6. 0.9743 0.5756
O 2.0376 0.5576
8, -0.0795 0.0309
B, -0.2284 1.2135
9 4.3237 0.6503

Diagnostic Statistics’
R? = 0.9350; RESET = 0.0250(0.8748); D-W = 1.9953302);
NORM: x2(2) = 2.1741 (0.3372); ARCH = 0.4867 (0.4854)

*

,",and" are significant at 10%, 5%, and 1%, respectivilymbers in parentheses are
probability of rejecting the null hypothesis.



Table6. OLS Estimates of Import Demand Function for Cattle

Variable Parameter Estimates Standard Error
Quantity: Qg -0.6592 0.1051
Cattle Price:P,,,_, -0.5014 0.2392
Domestic Beef PriceR,.,_, 1.2868 0.4631
Imported Beef PriceR,,_, -0.2354 0.2084
Cattle Price x DBP,,,_, -0.1324 0.0307
Cattle on Feed: Q. _, 0.2422 0.3410
Income:G,_, -0.2760 0.3250
Long Run Parameters

o, -0.7606 0.3538
4, 1.9521 0.6117
8, -0.3571 0.3055
- -0.2008 0.0368
0. 0.3674 0.5113
6, -0.4186 0.4885

Diagnostic Statistics’
R?=0.7919; RESET = 1.9826(0.1615); D-W = 1.9290987);
NORM: x2(2) = 0.5025 (0.7778); ARCH = 0.0064 (0.9361)

“and™ are significant at 5% and 1%, respectivélyumbers in parentheses are probability of
rejecting the null hypothesis.
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