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Estimating Interrelated Demands For Meats Using

New Measures For Ground And Table Cut Beef

Abstract

Two systems of demand equations for meats are estimated using a
traditional and a new measure of ground and table cut.beef. The results
reject the hypothesis that the elasgicities generated by the two data sets
are the same. Several tests for model selection are performed. A very
slight preference for the ground beef system is indicated by the Bayesian

posterior odds ratio. Both the AkaikevInformation»Criteria and the

multivariate P-test favor the ground beef model. Theil’s residual-

variance criterion rejects both models. The results of these tests may

possibly suggest the existence of a more ideal data set.




Estimating Interrelated Demands For Meats‘Using

New Measures For Ground And Table Cut Beef

-
>

~ Numerous studies-héﬁé'estimatédVconsumer price elasticities of demand for
food using systems” of°demand equations: ~~The-advantages of using a system
approach versus a single equation methodology have been well documented
(Barten, 1977). Generally, such studies have aggregated food commodities
into relatively broad catégories for the purpose of parsimonious
estimation. In at least some caées,‘héwéver, one would expect demand
elasticities to vary significantly for the disaggregated éomponents of

the broader food categories. For example, Eales and Unnevehr discuss how

Tl . .

the disaggregation of the composite poultry food group into poultry

products subgroups allqws them to tintify sources of structural changes
in meat de@and. Hfﬁeir ﬁotivation stems from the idea that an individual
subgroup may have a significantly different elasticity than the composite
category.

Researchers of beef demand have often used this same motivation for
disaggregating beef consumption into at least two subgroups. It seems
intuitive to consider the demand for ground beef separate from the demand
for table cut béef. Not only are the two commodities significantly
different from one another from a consumption perspective, but they are in
general produced from different types of beef animals. Freebairn and
Rausser note that changes in agriculturél policy regardiﬁg beef import
quotas may cause asymmetric impacts on cattle breeders and those who feed
cattle. It addition, Wohlgenant suggests that ground beef may be a

better substitute for poultry products than are table cuts of beef.

Consequently, aggregaﬁe beef demand may be affected by the relative




composition of the supply of beef. For example, during the liquidation
phase of the cattle cycle, the production of ground beef increases and

aggregate beef demand may become more sensitive to changes in poultry

prices. -Finally;:the dramatic growth in the fast food industry camnmot be

ignored by researchers- who.are - interested in understanding the. food -
marketing system. Much of the output of this industry is in the form of
meals which contain ground beef.

In empirical work, the disaggregation of beef demand has been
hampered by data availability. While it-seems reasonable to estimate the
demand for hamburger separate from the demand for table cuts, the
-traditional approach has been to use estimates of nonfed and fed beef as
proxies for hamburger and table cut beef consumption, respectively. From
a production perspective, nonfed beef refers to grass fattened steers and
heifers as well as cull cows and bulls. Fed beef is the designation used
for grain fattened cattle. These particular classifications in consumer
demand analysis have been more a function of data availability than of
actual consumer behavior. That is, consumers do not generally purchase
either "nonfed" or "fed" beef. Rather, the more proper designation is one
of ground beef and table cut beef. The label "ground beef" refers to the
consumption éf hamburger and other processed beef such as sausages, while
"table cut beef" refers to all other types of beef consumed such as
steaks, roasts, and veal. However, data limitations have frequently
forced researchers to use nonfed beef as a proxy for ground beef
consumption and fed beef as a proxy for table cuts (e.g. Arzac and
Wilkinson, Brester and Marsh, Eales and Unnevehr, Wohlgenant). These

designations are only proxies since some nonfed beef, e.g. cull cows and




nonfed steers and:-heifers, is often processed into steaks and roamtw,

while portions of fed beef carcasses,.e.g. trimmings and lower quailiuy
cuts, are generally processed into hamburger. Consequently, it sermms
desirable.to:use data which provide more accurate measures of the aciuwll

production and-consumption;of. ground.and &able cut beef. .

->zx-The purpose, of: this paper is to. introduce new data which more
accurately reflect. the beef market. .In addition, the effects of stz mew
data grg;gga}yzngjgvtg;@éépfigbe}rfimgact§ron:gstima;gq demapdr
elasticities for meats in a demand systems model. Two meat demant!
systems"g;éJespimgted»p;ipgﬁ;pgtgbsp;utehpriceivgrsion pf_the Rotsterhm
model: in: order- to:evaluate the ¢9n§¢qggp;es»9f the alternative measunas; of
beef ponsymppipp,;,Ihejfir§;:sysc¢m.(hereaftér referred to as the "randied
beef:system"); estimates the demand for nonfed beef, fed beef,.poi,
poultry,. and nonmeats.l. The second sfstem employs our new measurys: af
ground beef and table cut beef as the components of beef demand ind! willll
be referred to as the "ground beef system." Both models assume diat: meat:
products are weakly separable from other food and nonfood commodiittiies:..
The inclusion of the nonmeat equation (and the use of total per wiupiitn
personal consumption expenditures as the income variable) impliex thHuw the
'elésticity estimates derived from the model are unconditional elwsuiicitiies
»and that ~the system of demand equations is weakly integrable (Labimmces amd
Hanemann) .

The remainder of this paper proceeds as follows: a section tuswaiihimg
the data development; a brief discussion of the Rotterdam model; 1. sewtiom
that reports the empirical results; a presentation of model selerdiiom

criteria; and finally, our conclusions.




" Data Development
Estimates of the per capita consumption of fed beef are obtained by

estimating the  number of fed steers and heifers slaughtered annually and

their average dressed weights. "~ Multiplication of these components yields

carcass weight fed beef:production;:which is converted to a per capita
retail weight equivalent. The difference between the above estimate of
fed beef production and total beef and veal cénéﬁmption, the latter of
which is calculated by the USDA, is designated as nonfed beef consumption.
This procedure closely follows that of Wohlgenant with the only

difference being the mefhodology employed in the estimation of the average
dressed weights of fed steers and fed heifers. For this study, we follow
the procedure used by the Western Livestock Marketing Information Project
(WLMIP).

The WIMIP reports estimates of ground and processing beef on an
annual basis for the years 1970 to the present. They essentially use
their own commercial production figures by class of beef animal and the
beef and veal import numbers reported by the USDA. The WLMIP assumes that
the following fixed proportions of ground beef are obtained from each
class of beef animal: cows--90%; bulls--100%; fed cattle--25%; nonfed
cattle--45%; imports--80%. These percentages are assumed to be time
invariant and ére used .to estimate carcass weight production of ground
beef. Estimates of ground beef production are then converted to per
capita retail weight equivalents. Tﬁe above procedure imposes the
unrealistic assumption of fixed proportions of ground beef being produced
from each type of animal. It seems reasonable to assume that the

proportion of ground beef obtained from each type of carcass responds to




. .economic ‘factors. Nonetheless, this procedure seems to be an improvement

over‘the:traditionalfestimates of -ground beef production (i.e. using
estimates .of nonfed beef production as a proxy) in that ‘it assumes‘that
-some'.ground beef :is.produced -from:fed carcasses ‘and that ‘some table cut
,beefxisxpraduceddfﬁomLnonfed~carcaésesrf~w*>*’5 R

We use-the WIMIP procedures described  above to extend the ground beef
‘production ;se¥ies so-as to include the: period 1962-1987.- Data -limitations
‘prevent extension .of .the ‘series.to earlier time periods. -The estimated
:pexr capita production of ground beef from the above procedure is then
subtractedifrom”the~annual.pen capita consumption of all beef and veal (on
:anretail:weight;basis):as:reported.by the USDA (1988).  The difference is
;theiestimated.annudliconsumption-of table cut beef: on' a per capita basis.
S Itrisvimporfantxto note .- that:both nonfed andAfedibeef consdmption, as
well as ground:-and table cut beef consumption, total to the same amount,
’i.e;-total‘beef consumption as derived by the USDA from disappearance
data. Conseduently, the differences between the series are merely a
function of data construction.. The upper graph of.figure 1 shows the
relationship between the nonfed and ground beef data uéed in this paper.
The lower graph illustrates the relationship between fed beef and table

cut beef consumption.

The Model -

The Rotterdam model-is used to evaluate the performance of the alternative
measures of beef consumption described above. This'specification was
chosen because it is based on consumer deménd theory, i.e. the model is

developed by totally differentiating ofdinary demand equations. In




j addition, thé model isrlinéar~1n parameters and is a;kleast as flexible a
functional form as the translog, miniflex Laurent, and AIDS models

- (Mountain). - A detailed4develo§ment‘of the Rotterdam mbdel is provided by
Théilr(l9805;bzThejestimablexlog-differential form‘for‘discrete tihe

periods_ofmeachgof,the@nrdemandhequationsuinythe'system is given by:

P ‘:».,- . - _.,... R L e .- ;rI PY ‘-Vj... . )
- WitA”anit - oy + ﬂLAlnxt+j2161jAlnPjt + Uit . 1-102"- on (1)

where:: S P R E

S W
.. AlnXe = AlnX, - 1721.‘.‘,‘.“4.1“?1:.» )

Wi'éré‘the‘éxpenditure éhére’ﬁe;ghts of’fhe ith meat.'Pj'are retail prices
'dfkéééﬁfﬁeéﬁ‘éoﬁmodit&%énaibné aggregate nonmeat commodity, Qi are per
capita constant dollar expenditures on each meat commodity and one nonmeat
‘commodity,” X represents total per éapita personél dohsumption
ékpenditures, and Uy, ig a timerise'ihdependenc error term that is
contemporaneously"cqrrelated across the n equations.

One of the n equations can be deleted from the system for purposes of

estimation because of the following nontestable restriccions:

2 35 -0
=1 gmp-d T

Empirical Results

The two meat demand. systems are estimated using the'Iterated Seemingly
Unrelated Regressions (ITSUR) option of the SYSNLIN procedure in SAS.

The parameter estimates obtained by using ITSUR converge fo their makimum
likelihood values if the error terms follow a multivariate normal

6
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distributidn"(Judge;‘et.al.), and are invariant to the choice of the
»deleted;equatidniCBértén, 1969) . The nonmeat equation in each model is
vdeleted~for-estimation-purposesj The parameter estimates for each deleted
equation-are:recoverable via the"restrictions imposed by equation (2).
Definitionscef-thervariables used=in=this paper are presented in table 1.
Symmetry .and homogeneity.of ‘degree-zero in prices and income are imposed
on:bothimodelsics 7 af = io.wio o

”»w“fThe:eétimated‘regréséidn coefficients for the-nonfed beef system
(with~homogeneity -and symmetry imposed) are presented in the upper portion
of~tablei2:5?Mdst®of~theﬁcoefficients are ‘significant at the .03 level.
Curvature restrictions are-met in that the substitution matrix‘(including
the nonmeat:coefficients:which are-not reported -here) is negative semi-
definite. : The ‘owri‘price coefficients are all negativé. "The income
coefficient for nonfed beef is significantly different from zero at
approximately the .10 level. Nonfed beef appears to be. an inferior good.
Fed beef is a complementafy good with both pork and poultry which does not
conform to a_priori eéxpectations. Neither of the ﬁwo estimates, however,
are significantly differeﬁt from zero.

The -lower portion of table 2 reports the regression results for the
ground beef systeﬁ. Again, both homogeneity and symmetry are imposed, and
the substitution matrix is negative semi-definite. The diagonal own-price
elements are all negative. Ground beef appears to be an inferior good;
hbwever, its estimated income coefficient is not statistically different
from zero. All commodities are substitutes with the exception of table
cut beef and poultry, for which the parameter estimate is significantly

different from zero at about the .15 level.




The estimated price:ahd'iﬁcome elasticities for both models along
with their t-values are presented in table 3.2 The elasticities for the
nohfedfbeef‘éystem are presented in the- upper portion of the table.
Contrafy to-the estimated-price coefficients, the cross-price elasticities
are not symmetric -because they are obtained by--dividing the parameter
estimates by their respective expenditure share weights. Most of the
price elusticities are 1éss'thén one in absolute value. The two -
exceptions are the own-price elasticity of nonfed.beef and .the cross-price

elasticity of nonfed beef to. fed beef, both of which are relatively price

éiéétiéf*‘thé“that:thé76Wﬁépriééfelastiéity'of nonfed beef is much larger

than ‘that of fed beef. These -results.are.similar to those of Eales and
Unnevehr who used ‘nonfed -and fed :beef -as proxies for hamburger and table
cut -beef; respectively.- ... -+ .. v

The elasticity estimates for the ground beef system are reported in
the lower portion of table 3. The estimated elasticities are all less
than one in absolute value. éontrary to the nonfed model, the own-price
elasticity for ground beef is inelastic as is the cross-price elasticity
of ground beef to table cut beef. The income elasticities for ground beef
and table cut Beef are now both inelastic; however, the incomeAelasticity
estimate for ground beef is not significantly different from zero.

In order to test thé null hypothesis that the two sets of regression
estimates are not significantly different from one another, the nonfed
system is "stacked"” on top of the grbund beef and table cut beef
equations and ITSUR is again employed. The ITSUR procedure is appropriate
because the two measures of ground and table cut beef consumption used in

this analysis are not independent. Recall that both series sum to the




total: beef: consumption reported by the USDA. Note that the two models
have: the pork-and péultry equation in common. Given that the dependent
variables for:.the pork and poultry equations are identical, it is not..
possible’ to use+all:eight equations-in-an ITSUR framework since the
covarianceimatrixiofverror: terms: would- not be.of full rank. Thus the.
stacked ITSUR method  employed on the six remaining equations assumes that

the parameter estimates of the pork and poultry equations are equal in

both models® - The-estimates: reported. in :table 2 lend support to this .

assumption.: :'The parameters: for the nonfed -and fed beef equations were -
restricted to be equal‘to thoseé of-:the ground and table cut equations.

The likelihood ratio:test statistic .for these.restrictions is 24.94. The
difference-in ‘the number of parametric restrictions between the
"unrestricted™ and "restricted™ models is six. LGiven:that the chi-
squared critical ‘'value for six degrees of freedom at the .05 level is
12.59, the null hypothesis that the restrictions aré correct is strongly
réjécted.3 ‘Consequently, we reject the hypothesis that the parameter
estimates for.the. income and beef price variables afe the same between the

two models.?

Model Selection

While the two sets of demand estimates are different from one another, we
are left to decide which_set is correct. There exist a myriad of
approaches to the problem of model selection. Unfortunately, no single
procedure dominates in all cases. Therefore, we undertake several
approaches.

A Bayesian approach to this problem considers from which of the




demand estimates the data were most likely generated. The choice is made
based upon . the .posterior odds ratio, which is the product of the prior
odds ratio and the likelihood ratio (Zellner). If we assume diffuse
(equally likely) priors for each .model, -then .the posterior odds ratio is
simply the likelihood ratio. The posterior odds ratio for the ground beef
model relative to the nonfed beef model is calculated to be 1.04.
Consequehff&?itﬁe:;ééé'égé—;Afy"slféhéingﬁ;favor of the conclusion ﬁhat

the ground beef demand system is more;.likely to. have generated the data.

* Akaike (1973, 1981) suggests another methodology to model selection

.which,considersqthqicompeting,gqals—of»acgqpagy_in;estimation-and the most

lqgiqal_app:qximation to reality. The Akaike Information Criteria (AIC)
1s a statistic that combines a measure of the precision of parameter
estimates éﬁa é ;ulé which rewards parametric parsimony of the model. One
variant of the AIC proposes that the log likelihood be used as the prlmary
measure of the goodness of fit of a model. Of course, the likelihood is
itself determined by the data. The logarithm of the likelihood will be an
unbiased estimator of the expected log likelihood of the model with
respect to future observations (Judge, et.al.). The expectation is taken
with respect to the distribution of present and future observations.

Thus, the AIC may be written as;

AIC ~ -2ln(maximum likelihood) + 2K , (3)

where K equals the number of estimated model parameters. Akaike (1978)

proposes that, given the model parameters, equation (3) is asymptotically
a reasonable definition of the likelihood of a model. For purposes of

model selection, the decision criteria is to choose the model which has

10




the.smallest associated AIC-statistic.

The AIC-for. the nonfed model.is. calculated to be -1,524,2; whlle that
for. the ground model is -1,591.8. Therefore, the ground model °.
specification:is- chosen: if. the: decision is based solely on the AIC
statistics nevrin of crros evme wouts VOLoTnoon Lol tera. e

L Iheil?(l97l)»proposes the- use of. a residual-variance criterion. for
the purpose: of: model: selection.. It can be shown: that,: on average; the
residual-variance estimatér ofrthe?inporrect:specificationfexceeds.that of
the. correct specification. This"approach, however, requires. that the
dependent;v;riablesﬂin each model be:. the same.:: Recall that the pork and
poultry. dependent. variables are the same. for both.models,. and that the sum
of- the: nonfed and fed beef dependent. variables are equal. to the sum of the
ground:and: table-cut beef: dependent_variables. The. e#ploitation of. this
latter condition allows for the dependent variables of the ground model to
be transformed so as-to be identical to those of the nonfed model (and

vice versa).

.Let Y represent the matrix of per capita constant dollar expenditures

on all beef, pork, and poultry for all time periods, and Yl represent the
matrix of per capita constant dollar expenditures for nonfed beef, fed
beef, pork and poultry. Then the relationship between Y and Y1 can be

represented by:

AlnYy = AlnY + A,

A = diag(AlnYli - AlnYi) ,
The matrix A is the matrix of weights use to transform the total

11




~ consumption of beef and veal into its nonfed and fed components. Note
that the-elements ofiA'are’qual»to zero- for the pork and poultry
dependent variables (i.e. for'i = 3 and 4)..
722 The 1eft9hand-side'(LHS)'Variables of the nonfed beef model can be
written.as: ceetn N Gmn DI T UL TEITTLATATTS

14; Wy = diag(wy;)

. WlAlnYl = WlAlnY +

where wy; .represent the expenditure share weights.

" In a . like fashion, the: relationship between. Y and Yo, where Y5 is the
matriX”offpetféapitaTconstant'dollariexpenditures for ground beef, table
cut beef,ﬂpork,—and.poultry can- be represented by:

R T L

AlnY; = AlnY + B,

B = diag(AlnYZi - AlnYy)
The matrix B is the matrix of weights use to transform the total
consumption of beef and veal into-its ground and table cut components.
Once again, note that the elements of B are equal to zero for the pork and

poultry dependent variables (i.e. for i = 3 and 4y,

The LHS variables of the ground beef model can be written as:
W2AlnY2 = w2A.lnY + W2B; Wy = diag(w2i) (9

where wy; represent the expenditure share weights. Equation (9) can be

rewritten as:

woAlnYy = wy(wy Lwp)AlnY + w,B. (10)




Solving equation (6) for wjAlnY, and substituting it into equation (10)

yields:
7 WzAlnYz = wzwl'l(wlAlnYl - WlA) + W2B
= wzwl'l(wlAlnYl) + WéB - WlA
T VLAl 4 (B - A,

or, torsimplify:notation, .-

Y5 = v 4wy A, (12)

"~ “Note fhéﬁlfhéEpfédiééédgvaluesiof the dependent variables for the

nonfed model ¢an be writfen as-

] J}’i.,,—;xlﬁl Gy EELCE e liETT oo - . . (13)
wﬁile thoéerfor tﬁé ground model are provided by:
Y3 = Xoby .

Equating the predicted values from equation (12) with equation (14)

yields:

szl_l%]‘: + W2(B - A) = Xzﬁz,

~

A

Y"lk = W2W1-1X2a2 + W2(B - A) . . (16)

Equation (16) represents thevtransformed‘ground beef model such that
the dependent variables are the same as that for the nonfed beef model.

Consequently, the residual-variance criterion can be applied to the two

13




’models*upon'thé calculation of residuals which reéult from the predicted
values suggested.by equations (13) and :(14)..- The . determinants of the
covariance'matrices.of“the two. models are.calculated, and the residuai-
varianceacriterion'suggests that ~the: correct model will ‘have the smallgr
determinant.: _The:values:of=the determinants.of the.covariance matrices
for:-the nonfed and transformed ground beef models are 7.9x10°28 and
9;1x10?24; respectively. . Therefore, the nonfed model is chosen as being
correct: when: compared to .the.transformed ground.beef model.

" As-Theil notes; the residual-variance criterion does not work when
neither specification is-correct. - Thus, one should consider the decision
criteria under. the: assumption tﬁat.the ground model is .the null
hypothesis; and:compare its covariance:matrix to that of the transformed
nonfed:model. - In: this case, we_.find. that: the values of the determinants
of the covariance matrices of the ground and transformed nonfed models are
5.3x10°29 and 1.9x10-22, respectively. Consequently, we now choose the
ground model over the transformed model.. Theil suggests that such
contradictions are not uncommon, and that the residual-variance criterion
for model selecﬁion is far from being a perfect instrument.

Davidson. and MacKinnon. propose a multivariate P-teét as another
criterion to be used for nonnested model selection. Two models are
nonnested if neither can be obtained from the other via the imposition of
parametric constraints. The goal is to test whether one model, say H,,
could have generated the data by evaiuating an alternative nonnested
model, say Hj, to see if the latter is consistent with the former. This
test is based on an artificial linear regression and is referred to as the

Pl-ﬁest. Once again, the test needs to be performed with the dependent

14




variables- of the two models being identical.
‘\If we consider the nonfed model as the null hypothesis, and follow
the transformations and notation described above, the artificial

regression for the'Pi-test becomes:

Y- Y- xip 6 tatte, . an

'Qhe;é ?fliesfeségéglﬁhé predicted values of the nonfed model as calculated
by equation (13)25 The ﬁatrix H is calculated by taking the differences
between thé prediéted values for the ground and nonfed models, (i.e.
equations "(16) ‘and (13), ‘respectively) ‘and then premultiplying the "
resulting matrix by £;¥; ! where T, is the estimated covariance matrix of.
residuals froﬁ the nonfed model (which is the null hypothesis) and 3y is
the estiméteééfzfﬁe covariance matrix from the transformed ground modei
(the alternative hypothesis)  Equation (17) is then estimated by
Seemingly Unrelated Regression (SUR) under the assumption that Z, is the
contemporaneous matrix for e (Chalfant). The matrix a is of dimension
nxl, where n is the number of equations in the demand system. Upon
setting each element of a to be equal, the ratio of the estimate of the
single remaining a to its standard deviation converges in distribution to
N(0,1). Consequently, the Pl-test\consists of a t-test to determine if
the estimate of o is significantly different from zero. If it is, then
the hypothesis that Hj is the correct specification is rejected because
the predictions of the alternative hypothesis add to the explanatory
power of the system.

With the nonfed model specification as the maintained hypothesis, the
estimate of a is 1.48 with a t-value of 4.59. Therefore, we rejedt the

15




" null hypothesis.
_ Judge, et.al note that many ‘of these types of tests for model

Thus,

conclu51ons as to.the correct model may not be symmetrlc with respect to

. the chosen reference hypotheses. Consequently, lt is necessary to -

con51der the Pl test w1th the null hypothe51s belng that the ground model
is correct Thls reverses the roles of the two models In thls case, the

.value of a is estlmated to be 6 66 The t- value however is only 0.76

whlch 1nd1cates that the null hypothe51s that the ground model is the

correct spe01f1catlon cannot be"reJected
Dav1dson and MacKlnnon note that care should be exerc1sed when
draw1ng 1nferences from the test..in small samples since the Pq-test is

asymptotlc Chalfant‘and Flnkelshtarn examlne the small sample

e AlD mane o o oo

propertles of the Pl test and . flnd that it' is biased towards rejection,
but has good power even»in small samples. With these caveats in mind, we

conclude that the Pi-test favors the ground beef specification.

Conclusions.

Nonfed heef,productlon has historically been used as a proxy for ground
beef consumption in demand analysis. An alternative measure for ground
beef production is derived using a methodology proposed by the WLMIP.
Demand elasticity estimates derived from the absolute price version of the
Rotterdam model are found to be signlficantly different for the two data
sets. In particular, the price elasticity estimates for hamburger and
table cuts of beef are dramatically influenced by the choice of data. -

Four approaches to model selection are considered. The Bayesian

16




posterior odds ratio is very nearly equal to one if diffuse priors are
assumed. - Consequently, both models are almost equally likely to have
generated .the data. The ground model is selected if the decision criteria
is 'based.upon-the AIC statistic. - Contradictory results are obtained via
the use of Theil’s residual-variance criterion. That is, neither model is
chosen as being superior. However, Davidson and MacKinnon's multivariate
P-test favors the ground beef model.

Based on these results it wouldnappear that the ground beef data are

superlor to the nonfed beef data ~ Nonfed and fed beef production are at

best prox1es for the consumption of-hamburger and table cut beef. The

WLMIP procedure for estlmatlng the productlon of ground beef is

Leol Saliowm ..4,._'

1ntu1t1vely appeallng in that conslderatlon is glven as to the COmpOSltlon

of the actual productlon of ground beef

i ST

However, the amblguous test results of Theil'’s residual-variance
criterionbprobablyiindicates that both data sets are subject to some
measurementierror. lndeed, rejection of both models by‘Theil’s test
suggests thatuthere may exist a more ideal set of data than either of
those presentedAin this paper. As previously noted, our ground beef data
are constructed with the unrealistic assumption that fixed proportions of
nonfed and fed beef‘are brocessed into ground beef. This data could
possibly be improved by allowing these proportions to be time variant.
Extending the ground beef data in this manner may yield further
improvements in estimated demand elasticities for ground and table cut

beef.




Footnotes

- 1.

2.

3.

4

5.

The use of the term "nonmeats" is somewhat of a misnomer. The variable
actually represents all other consumption items except beef, pork, and
poultry, Consequently, some meats are included in the nonmeat
equation,;eigi;ﬁi§hi_mutton,'and purchased wild game.

The t-values for the elasticity estimates are the same as those for

their- respective parameter estimates. To illustrate, let €;; be the
elasticity estimates and w; be the mean share weight for the ith

commodlty In. ghemggtrerdam model,. J/w So, Var(e; {

(L/wy )Var(6 Then the t value(elJ) = eéj/(Var(5 /wl)}

{65 /w )/{Var%& = /(Var(61 )} 1/ , which 1s the same as
the t- value for *ij lf qne assu@eg'rbégrthe Wi's are constants.

Thls procedure was also reversed by "stacking" the four equations from
the ground beef model on top of:the nonfed and fed beef equations from
the nonfed model. - ITSUR was again used to'test the hypothesis that the
beef and income parameter estimates between the first two and last two
equations were .identical.. The likelihood ratio test statistic is
33.77, so the hypothesis-is again strongly rejected.

.. The Rotterdam and ‘Almost Ideal -Demand System (AID) models appear to be

the -two most-popular-choices of functional forms for estimating systems
of demand equations. The nonfed and ground models were both estimated
using- the AID.model to see if the differences in the elasticity
estimates between the two data sets were merely a product of the choice
of functional form. -All of the elasticity estimates from the AID
models were very similar to those of the Rotterdam models.

Note that the Pl test involves regressing the residuals of the
maintained model specification on the regressors of the original model
and one new variable in each of the equations. This new variable is
the difference between the predicted values of the alternative and
maintained specifications. For models which are nonlinear in
parameters, the original regressors must be replaced with the
derivatives of the maintained model with respect to the parameters.
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Table 1. Definition of Variables.

.. Variable

Definition

Depéndent: -

- QNF

PR . .

Welghted first dlfferences of the natural logarithm of per
-capita constant dollar expendltures (1967) .on nonfed beef.

Welghted flrst dlfferences of the natural logarithm of per

~capita constant dollar.expenditures (1967) on fed beef. .

gé“;gmﬁéightéd'first differences of the natural logarithm of per

capita_constant dollar expenditures (1967) on pork.

Welghted flrst dlfferences of the natural logarithm of per
caplta constant “dollar expendltures (1967) on poultry.

i Welghted flrst dlfferences of the’ natural logarithm of per

caplta constant dollar expendltures (1967) on ground beef.

Welghted flrst dlfferences of the natural logarithm of per
capita constant dollar expenditures (1967) on table cut beef

Ihdependeht&ix

INCOMEN

INCOMEG

PNF

PFD

PPK

PPY

Income in the nonfed beef model. Calculated as the difference
between the first differences of the matural logarithm of per
capita personal consumption expenditures and the sum of the

"7 shares weighted price variables of the nonfed model.

Income in.the gréund,beef model. Calculated as the difference
between the first differences of the natural logarithm of per
‘capita personal consumption expenditures and.the sum of the
shares weighted price variables of the ground model.

First differences of the natural logarithm of the price index
of nonfed beef deflated by the price index of nonmeats (for
the nonfed model), 1967=100.

First differences of the natural logarithm of the price index
of fed beef deflated by the price index of nonmeats (for
the nonfed model), 1967=100.

First differences of the natural logarithm of the price index
of pork deflated by the price index of nonmeats (for
the nonfed model), 1967=100.

First differences of the natural logarithm of the price index
of poultry deflated by the price index of nonmeats (for
the nonfed model), 1967=100.

21




~Tab1ew1.-(éontinued)

Variable. . . «-.-. Definition

Independent:

PGB .. First:differences of the natural logarithm of the price index
—-mw*~”m~f”—-“~of*ground”beef“deflated“by“the'price“indeX"of nonmeats (for

NoTTe L e the nonfedfmodel);v19674100. - : ‘

PTC First differences of the natural logarithm of the price index
’ of table cut beef deflated by the price index of nonmeats
(for the .nonfed model), 1967=100.

Sources: Price and Income data -are from .USDA "Food Consumption, Prices
and Expenditures," various issues. :
-7 Quantity data.construction.is described in the text,




Table. 2. Estimated Regre551on Coeff1c1ents of the Nonfed and Ground Beef

-~ Dependent
Variables - = - . wll e S TR
for the :ii:-& -.Independent -Regréssors for the Nonfed System?

Nonfed
System ... PNF. .. UI.PED -PPK = . PPY . INCOMEN

QNF -.0138 0095  .0036 .0014 -.0109
- - (-3.53) .(1.81) (2 93) . (1.84) . (-1.80)

QFD -.0188 - 0007 -.0007 .0035
T I B (-2.33). . (-0.37) (-0.61) - (3.29)

QPK -.0105 .0007 .0041
7 Lz : S (-12.06) - (2.06) ... (0.89)

-.0024 - .0032
(-5.50) (2.49)

Dependent
Variables
for the i Independent Regressors for the Ground System?@

Ground ,
System .PGB.: - . PTC PPK PPY INCOMEG

QGB -.0060  .0019 .0020 .0017 -.0014
(-5.93) . (1.41)  (3.43)  (3.67) (-0.44)

QTC = -.0137 -.0017 -.0011 . .0154
(-6.10) (-1.80) (-1.61) (2.49)

QPK | -.0110 .0008 - .0048
(-11.22)  (2.19) (0.98)

QPY - -.0025 _ .0030
‘ (-5.53) (2.42)

4 Numbers in parenthesis are the t-values for the parameter estimates.




Table 3. Estimated Compensated Price and Income Elasticities for the
Nonfed and Ground Beef Systems. of Meat Demand Equations.

e

Nonfed Beef System?®

With
Elasticity With Respect to the Price of: Respect to:
of the ( _—
Quantity of: Nonfed Beef Fed Beef  Pork  Poultry Income
Nonfed Beef -2.324 1.605 .611 .240 -1.846
(-3.53) (1.81) (2.93) (1.84) (-1.80)
Fed Beef .481 -.955 -.036 -.034 1.801
(1.81) (-2.33) (-0.37) (-.061) : (3.29)
Pork 1260 -.052  -.756  .051 296
(2.93) (-0.37) (-12.06) (2.06). (0.89)
Poultry .215 -.102 .108 -.370 479
(1.84) (-0.61) (2.06) (-5.50) (2.49)
Ground Beef System?
With
Elasticity With Respect to the Price of: Respect to:
of the
Quantity of: Ground Beef Table Cut Beef  Pork Poult;y Income
Ground Beef -.882 .286 .301 ©.254 -.206
(-5.93) (1.41) (3.43) (3.67) (-0.44)
Table Cut Beef .105 -.743 .093 -.058 .835
(1.41) (-6.10) (1.80) (-1.61) (2.49)
Pork 147 .124 -.790 .055 .346
(3.43) (1.80) (-11.22) (2.19) (0.98)
Poultry .261 -.162 117 -.378 458
(3.67) (-1.61) (2.19) (-5.53) (2.42)

8 Numbers in parenthesis are the t-values for the elasticity estimates.
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FIGURE 1. Comparison of Per Capita Consumption of Ground Beef to
Nonfed Beef and Table Cut Beef to Fed Beef; 1962-1987.
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