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gf;-pdrk. and chicken is specified as a log-linear function of meat
ces, per capita expenditure, seasonal dummy variables, and an auto-
f_gféssive process of residuals with a lag up to k quarters as follows:

BN m 3
8 Q1e = % a1y 1og Pye + A1 log Mc + 2 655 Dyg + 30 4+ uy, (1)
T j=1 j=1
: k
Eevic — cic - T 645 Ui, t-j, i=1,2,..,m (2)
- j-l

"where variables at time t are Qit (per capita quantity demand for the ith
@modity), Pjt (price of the jth commodity deflated by consumer price
index), My (per capita expenditure deflated by consumer price index), and
:!jts (dummy variables assigned for 1 Sequentially from the second to fourth
,&uarters, and others to be Zeros); Uit and &5+ are respectively random
disturbances in wh%ch €it 1s assumed to be normal and independently

i » N(0,041).

xpenditure elasticities respectively. In this study, these demand
)arameters are obtained from a theoretically consistent annual demand
system. Alternatively, this study also estimates the demand parameters
- directly for comparison. A set of quarterly dummy variables is also

' included to reflect the possibility of seasonal variation in the demand for
‘meat commodities.

Moreover, as indicated by Muth, there is little empirical interest
in assuming that the disturbance term in a Structural model is completely
unpredictable. It is desirable for this Study to assume that the

- related to economic conditions Prevailing in the past quarters, one may
~ assume that the disturbance is not independent over time but follows an

'“autoregressive Process, Consequently, equation (2) provides the

Predictive information for the movements of random disturbance.

The proposed statistical model can be viewed as a mixed structure-
time series model. The model not only provides a Structural explanation of
quantity demand for meats in equation (1), but also replicates the past
behavior of residuals by specifying an autoregressive process in equation

To estimate the model, one needs a three-step estimation Procedure
because the disturbance terms in the autoregressive Process are not
observable. First, some Preliminary estimates of the structural parameters
in equation (1) are estimated by ordinary least Squares. Because of
Potential serial correlation in the estimated residual series, the
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Preliminary eéstimates 4
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: Classical demand theory specifies that the price and income

elasticities in the demand system are interdependent, They are related

through the so-called Engel aggregation, homogeneity, and symmetry as
follows:

n
Engel aggregation: 3 wi gg =1 (4)
i=1
n
Homogeneity: b ejj +gi =0 for i =1,2,..,n (5)
j=1
Symmetry: eji/wi + gj = eij/Wj +8 fori,j=1,2,..,n (6)

where wj is the expenditure weight of the ith commodity, and ejij and gj are
as defined above. These parametric restrictions are incorporated into the
estimation of the complete demand system (3) by a constrained maximum
likelihood procedure.

The figures in the upper part of table 1 are a priori information of
price and expenditure elasticities obtained from Huang’s demand system.
Since the demand elasticities of the model developed in this case are
constrained by the prior information, we may define this model as the
"constrained case."” These elasticities are theoretically consistent, and
thus can be regarded as reliable estimates representing the demand
structure of meat commodities. The direct-price elasticities are -0.6166
(beef), -0.7297 (pork), and -0.5308 (chicken). The expenditure elas-
ticities for beef and pork are almost the same at about 0.45, while that of
chicken is relatively small at 0.37. The estimated cross-price elas-
ticities show significant substitute relationships among beef, pork, and
chicken. For example, the quantity of beef demanded will increase by
0.1087 percent and 0.0572 percent for a l-percent increase in pork and
chicken price respectively.

Given the meat price and expenditure elasticities, according to
equation (1), one may subtract the Price and expenditure effects from the
actual values of quantity demanded and redefine an adjusted quantity
demanded variable in the equation as a function of seasonal dummy variables
only. After an initial ordinary least square fitting, one may obtain an
estimated residual series. The residuals in part reflects the omission of
other price effects other than meat pPrices, and the use of a priori demand
elasticities which are estimated from a functional form and data different
from the quarterly model as specified in equation (1).

Y
i
e

On the basis of estimated Durbin-Watson statistics -- beef (0.0814),
pork (0.2788), and chicken (6.1117) -- they imply severe serial corre-
lations in the estimated residual series. One may apply an autoregressive

process for the residual series of each equation, and then substitute the

model for the implicit error term in the original quarterly demand
equation.

To determine the number of lags for use in fitting equation (2), some
autocorrelations with various lags are calculated. The results indicate
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0.1910 0.2927
(.0483) (.0390) (.0698)
Pork -1087 -.7297 .2635
(.0220) (.0327) ' (.0492)
Chicken .0572 -0908 -.5308
(.0136) (.0170) (.0608)
Expendi ture 4549 4427 -3645
(.0585) (.0624) (.0863)
Seasonal dummy :
Spring -.0042 -.0648 -0838
(.0042) (.0121) (.0092)
Summer .0244 -.0615 .0797
(.0044) (.0165) (.0113)
Fall .0067 .0593 -.0086
(.0043) (.0122) (.0093)
Intercept 1.4755 1.2548 ~d 313
Residual:
0 Lag 1 -.8062 =~ 7720 27813
l Lag 2 -.1388 .1576 -.0182
I Lag 3 «.0324 ~.3552 -.2083
b Lag 4 .0225 -.0854 -.0666
f Lag 5 .1370 .2158 .3054
i Lag 6 = 1637 .0864 =.1724
i Lag 7 =2 1075 -.0353 -.0159
Lag 8 1715 =:1857 -.0895
Lag 9 =.025] .0549 .0251
Lag 10 -.0258 .1715
Lag 11 =.0321

-.0072
Lag 12 .0607 -.0830
Adjusted R-square:
Structural mode] -0.0154 0.2961 0.1216
Mixed mode] .9173 .8722 y
RMS /MEAN (Qercent2 .8331 1.0970 1.1927
Note: Meat Price and eéXpenditure elasticities are obtaineq from




Among those of
ion of beef has a positive shift in
a positive shift in fall, and negative

~ £ series model, this Study computes the adjusted
coefficient of determination, adj.R*, from the ordinary coefficient of
determination, R , as adj.R2 =1= (1 - Rz)(n-l)/(n-k), where n and k are
the numbers of sample observations and independent variables, Tespectively,
- The adj.R2 is a better Méasurement than the R* for comparing the goodness

‘with the increase of independent variables. The structural model, which
relates the adjusted quantity series to Seasonal dummy variables, has the
values less than 0.3 for each e€quation. It ig striking to find

Y applying the mixed Structure-time series model, their adj.R2

the observations assigned for 12 lags covering the first quarter of 1963 to
the third quarter of 1987. 7o Provide anp average measure of forecasting
performance, one may calculate ap e€rror measurement defined as the ratio
between the the root-mean-square eérror (RMS) and the sample mean (MEAN) of
quantity demanded over the simulated Period. These errors expressed in
Percentage are: 0.833 (beef), 1.097 (pork), and 1.193 (chicken) .

beef, 12 for pork, and 21 for chicken. A graphic comparison of actual per

capita quantity demanded (measured in logarithm) in contrast with those of
simulatijon results are presented in figures 1-3,

(1) without imposing any parametric constraints. We may call this the
"unconstrained case" of the mixed Structure-time series model. Their
eéstimation results are compiled in the appendix. The direct-price
elasticities are -0.3421 (beef), -0.7204 (pork), and -0.3998 (chicken).
Their expenditure elasticities are 0.1389 (beef), 0.0640 (pork), and 1.0430
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hicken). These estimated demand elasticities,
theoretically consistent, and are obviousl
sed in the constrained case.

however, are not
y deviated from the elasticities

IV. CONCLUSIONS

btained from a theoretically consistent demand system. This model is
rticularly useful for meat commodity analysts who like to incorporate the

nterdependent nature of demand for foods into the forecasting framework,
‘J:have difficulty in estimating a complete demand system directly.

On the basis of errors being about 1
quantity demanded over the sample
ful analytical tool for meat commodity
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APPENDTX
Estimatlon Resu]tg for the Uhconstralned Case of the Mode]

Thig Study also €Stimateg the unconstralned Case of the mixed
structure-tlme Serijeg Mode] fo, comparison demang Parameterg in
this Mode] are direct] Stimateqd Tom €quatjon 1) Withour imp051ng an
Parametrj, Constrajne Initia] ordinary least Square flttlng of the
emand €qQuationg showg that 180 serjs) correlatlon is l’kely in the error
terms ei estimateq Durbiqn. atson alueg are 35 (beef ) 0 (pork)
and 1,02 (chick ) ese eStimateg imply ¢p t .a utoregre531ve Proceduyre

The adjusteq coefficients of determination, adj.Rz, are Presenteaq at
the botton of the table. One jig relateq to the initia] Structurs] mode] |
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ppendix table -- Estimation Results for Unconstrained Cases
Beef Pork Chicken
-0.3421 0.5773 0.0578
(.1038) (.0768) (.0793)
.2670 -.7204 -.0016
(.0786) (.0687) (.0712)
-.0810 .0141 -.3998
(.0636) (.0664) (.0691)
Expenditure: .1389 .0640 1.0430
34 (.0986) (.0727) (.0754)
Seasonal dummy
-.0026 -.0651 .0821
(.0055) (.0073) (.0077)
.0221 -,0585 .0842
(.0064) (.0083) (.0087)
.0047 .0616 -.0077
(.0056) (.0076) (.0079)
2.6289 2.7781 -4.4022
.8664 .4902 .4827
-.0709
iAqusted R-square:
““Structural model 0.5403 0.8214 0.9675
~ Mixed model .8837 .8652 .9758
RMS /MEAN (percent) .9077 1.1540 1.2518
rd errors.

. The figures in parentheses are the estimated standa




