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ABSTRACT

A Rardom Parameter Regression Approach to

Estimating a North American Pork Supply Model

Bruce L, Dixon, Larry J.

and Ellen W. Goddard

Equations modelling pork supply for North America are estimated

assuming ccefficients change both randemly and systematically. Results

show predictive superiority of time varving models over least squares for
sample period. Ex post forecasting does not exhibit similar superiority.
Measuring structural change and effect of additional observations on

estimates are considered.




A RANDOM PARAMETER REGRESSION APPROACH

TO ESTIMATING A NORTH AMERICAN PORK SUPPLY MODEL

In their review of price analysis and outlook, Tomek and Robinson
observe that demand structures can change over time. They alsc note that

some estimates of demand model parameters often exhibit substantial

sensitivity to the deletion or addition of one or two cobservatiens. They

suggest that because of this latter phenomena, é random coefficients model
might be appropriate for various price asalysis problems. While Tomek
and Robinson's comments fefer to demand models, it can certainly be argued
that the same estimafi;n problems arise in estimating supply equaticns.

In this paper the estimation results from employing a Kalman filter
type model on the estimation of four supply equations for the North Amer;pan
pork market are preéented and analyzed. The Kalman filter model specifies
that the vector of slope coefficients in a regress:i ion model changes‘over time
due to bo;h systematic forces and as a result of random dlsuurbanceg.
Thus ig provides a means of coping directly with the two problems noted by
Robinson and Tomek: change in the structure of the process being modelled
and sensitivity of the estimates to the addition or deletion of a few
observations. This latter problem is handled in the way suggested by
Tomek and Robinéon, i.e. random parameter regression. Tomek and Robinson
further state that as of 1973, a random barameter regression technique
had not been applied to agricﬁltural commodity analysis. To ocur knowledge,
this remains true as of early 13980.

In the first section the Xalman filter regression model is presented
and aspects of parameter estimation are considered. In the second section
the pork supply model is briefly discussed and the third section presents

some of the more prominent and interesting results of estimation and model

validation.




KALMAN FILTER REGRESSION MODEL

There is an extensive literaﬁuré on modeis with randomly varyigg
parameters as discussed in Rosénberg. In random parameter models the
coefficient vector for each observation is assumed to be a realization from
an underlying stochastic process. Depending on the model specification,
the moments of the un&é;lying population may be assumed constant or time.
varying. The random parameter rmodel in this study assumes that the Cbserved
dependent variable, Yt' és related to a 1IxK. vector of independent variables,

X as
t’ -

(1) Y= X B+ e t=l, 2,-—~, T

£ is a normally

Where Bt is a kxl vector of regression parameters and e
2

distributed error term with mean zero and variance o . Tt is assumed

that E{eie,) =0, i # 3. The Bt are specified to be unobservable but
J ,

related over time as

(2) Et+l = .ABt . t=1, 2,---, T-1.

where A is an unknown and constant matrix and U is a normally distributead
, A . . . . 2

erroxr term with mean zero and positive semidefinite covariance matrix o Q.
If some of the parameters in Bt are constants then the rows and columns of
2 < . . '
0 @ that correspond to these parameters are specified to be null.

From (2} it can be seen that change in B, can be attributed to two

. - [

sources: random components as‘repreSented by the additive error term ut
and systematic components as given by the vector ABt. Thus this model
differs very distinctly from other time varying models such as that of Hildreth
and Houck. As noted by Sarris (1273), a first-order process as given by
(2) may often be implausible but dynamic relationships of higher order may
provide satisfactory time paths for the coefficients. Medelling higher

order processes in the framework of (2) is straightforward as demonstrategd

hy Sarria (1972




If A in (2) is set egual to the identity matrix then any change in
Bt is due to purely randem forces. Rlternatively, if ¢ is null, then St
varies systematicaliy over time. In the case of a nall , if 1 is considered
to be constant, then all(the Bt are constants. When both A=I and Q is nuil,
(3} and (2) then constitute the classical regression mcdel to which ordinary
least séuares.(OLS) eétimationvbecomes apprepriate. Hence when A is not the
identity or Q is not nﬁll, the or.g model.is inappropriate.

A are known then the mean and covariance of Bt can be

straightforward fashion. should be emphasized that

due to the time varylng nature of Bt ol W& trajectory
r B,

for B, i.e. a value of the vecto

« iod that changes with

respect to time. Saxris (1874} obszerves that economists rarely have good.
estimates of @, 0 and &. To circumvent this diffi : (1974)

Propcses maximum likelihood estimation ofAGZ,i : ased on the normality

of ut and e.- The log 1ikeli§ocd Function is n and requires an iteratiw
solution as described in Kirsch and Wall, Given estimates of U“, Q and A and
then considering these estimates to be constants, estimates of the mean of Bt
and their covariances can be computed as given in Cooley and Wall,

THE SUPPLY MODEL

The supply model estimatred is a subset of the larger supply and demand mode
formulated by Martin ard Zwart. The four supply equations estimated hgve similay
specifications. There is one equation for the U,S. and three for Canada; one
each fcor Western Canada, Quebec, and Ontario. Each equation has a get of
seasonal dummy variables to account for variation due to the particular gquarter.
Also, each eguation has lagged hog price, feed pricé and kthe able
lagged one pericd. ' Tha price lags are all five guarters except for the Quebec

equation in which the lags are seven guarters,




The supply equations are estimated;using quarterly data beginning
with the first quarter of 1564, To test the forecasting power of the model
for short term forecasts and to measure the sensitivity of the estimates to
additional observations, twe data sets are used. The first is 52 obszexvations,
starting with the first quarter of 1964 through the fourth guarter of 1976.
The second set augments the first set by adding ?ive additional observations
from 1677 through the first guarter of 1978. Thus we generate some empirical
evidence to evaluate the conjecture of Tomek and Robinson that random parameter

models might be a more appropriate specification.

Since the mecdel in (1) and (2) reduces to scome interesting special cases,

we specifv four different general specifications. The first is using OLS

to estimate the equations. This is done for the sake of comparison. The,

next model is the purely systematic variation (PSV) model where Bt is assumed

to bé time varving on a deterministic path, i.e., A ¥ I bul the\cova;iance of thi
error véctor in (2}, GZQ, is specified to be null. The next two mcd;lg allow

A to be different from the identity and Q to be non-null. For reasons

discussed shortly, we have two such randem and systematic variation models,

RSV1 and RSV2 where they differ conly with' respect to the elements of Q.

ESTIMATION ANRND ‘SIMULATIC‘N RESULTSE

In theory éhe estimaticn of A and Q is i ; However, between 7
and Q there are potentially 77»independent varameters tc be estimated. The
non-linear optimization'routine simply cannot handle such a heavy numerical
burden. ThuskA and ified i ; wnich we have no a priori
reason to reject. E i implifi to substantial difficulties
in estimation. in ; required in the iterative procedure,
we specified A=I and Q to be null, the OLS hypothesis. The diagonal components
of Q displayed a prediliction toward becoming increasingly negative. To

circumvent this problem the diagonal elements of © are set at two
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the three components of Q relating to the
to be smaller than those set in RSV2 by a
of Q are icdentical in RSV1 and RSV2.

Estimation Results for the PSV Models

In Table‘l the large sample chi-sgquare tests of the null hypothesis
A equals the identity.matrix are‘given for the PSV models (the test uses
likelihocd ratio). 1In Quebec the null hypothesis is rejected for both data
(52 observations and then 57 .observations) and in the U.S. and Ontario the null

hypothesis is not rejected for either data set. Western Canada rejects for 52

observaticns but not for 57 observations. Oddly encugh, the hypothesis is not
. . . . Z . .
rejected for the models in which the R™ is Wes ot : p Thus,
2, . .
low R is not necessarily

he estimated values o ~ i vad in Tal jote that even when

the hypothesis of A=I is not rejected, this does not mean that all the diagonal

components of A will be relztively near one. - & Cntario model tﬁe componen
of A associated with the hog price coefficien
is a very severe degree of ch&nge consicdering that the m 1 is quarterl
surprising result is that scme components’ of A exhikit rather drastic change
with the incorporation of additional observaticons into the sample. Far example
the CQuebec model the feed price component goes from .9141 to 1.020 with the
addition of five observations. OCverall, the time trajectories of
for the PVM modals are éheoretically csatisfving since
proper.éigns and the magnitudes of the coefficients are
there is a definite shifting of scme of the estimates
as a result of the additional cbservations,

To test the fit of the PSV models historical simulati were conducted ov

the sample period where the values of the lagged endogencus veriables were thos
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generated by the model after the initial pericd. The root mean square erroxrs

{RMSE) are presented in Table 3, in the second and sixth rows. Observe that th-
PSV models do better than their OLS counterparts and that the degree of
improvemént is greatest where the hypothesis of 2=I was rajected. This s

that the PSV médgl may be appropriate means of accounting for structuz:

in some cases.

1)

nange

The Mcdels with Random and Systematic C
For the RSV1 and RSV2 specification, the components of & were reestimated
with Q set as stated earlier. In general, the diagonal elements have values si:

to those in the PSV models but with a few glaring exceptions. Additionally, the

level of some of the-estimates when the.five observations are added in the RSV
moael showed substantial change. These changes-are evident in all four equatic
lsast for the models and data ¢ nsidered here, a randcm pa;amqter

regression has not iead to insensitivi £ the parameter estimates fo the
ddition of a few observations. A further aspect of the RSV1 and the RSV2 model
is that the coefficients are not satisfactory in terms of conventionéi economic
wisdom. Coefficients of the iagged endogencus variables scmetimes beccme neéati\
and the coefficients of prices also sometimes have an improper sign. Thig
problem is much more prevalent in the Révz nodel. The reason for persis?#ng
with the RSV2 models is vividly illustrated in the third, fourth and seventh
lines of Table 3. The.performance of the RSV2 model in terms of RMSE and
percentage RMSE is astounding. In all.four cf the equations the RSV2 specif-
ication appears to have substantial predictive and explanatory power. Surely if
were interestéd in better forecasting ability, and for the last three or four ye.
hog pricg and supply forecasting track records have not been enviable, a few

peculiar signs would be a small price to pay for greatly enhanced accuracy.

Forecasting Performance

Thres sets of forecasts were computed. The first is a 10 period forecast ¥;

the first quarter of 1977 through the second quarter of 1979. The second forec-




=
is for the five quarters beginning with the f3 ; cf 1977. The last
forecast.is from the secénd quarter of 1978 through the second qua
This latter forecast uses updated estimates based cn 57 observations.
mean sguares of these forecasts are given in Table

Table 4 and Table 2 in texms of the superiority of the random wvariable models
time varying models is startliing. Ncne of the alternatives to OLS
any of the alternatives stand ocut as being superior to

of the other zlter atlveb. it ¢ of the three alternative methods is
usually superiocxr to the OLS

The question of why the RSV models do so well in the historical period and
have a much more mixed'and certainly 1 distinctive ex vost forecasting
peXformance can be answered i
betweer RSVl and RSV2 is that thr
vector co-variance are increased. Thi { more randeomness in &)
perﬂod-bo—porlod transition in the coe fflCl&pf vector, i.e.,, given the coaffici

teday, we can say less about wnat

increasing Q, the Bt are frear to nx the predi:

PRl S-SR

dependent historical variable closer to the chserved Y, . Hence RSVZ dces het:.
- . t

on the historical simulation than BSV1 because the coefficients have

of values they can assume., This result is somewhat analogous to the fact that
2

adding more variables to an OLS regression will never decrease R~ whether or no

they are relevant, That is, increasing O will likely give a better fit to samp’

cbservations whether or not it is a valid specifi catlon; Howaver, since this

randcmness cannot be foreCﬂ“tcd, the RSV models d¢ not forecast well. Thus, fo.

forecasting & random variable model mav not do better than OLS unless there

a way té predict accurately the random components..

CONCLUSIONS

The random and systematically varying models used in this study proved

a substantial improvement over OLS for replicating sample data. However,

forecasting performance vis-a-vis OLS was mixed. In the case of the




as

substantial sensitivity to expansion of the sample by a few adad
the RSV

This change due to the addition of observations is also evidant in

RSV2 models. Hence the use of random variable mocdels, at least of the type
2), does not appear to solve the problem cf parameter

s
{

specified in (1) and {
sensitivity to additional observations. Perhaps other random variable mcdels
S

ns of change are not well encu

44

might be more appropriate. Even though the RSV and PSV models indicate stronc

evidence of parameter change over time, the pater
This may result from the

established to forecast clearly better than OLS.
actual parameter change of being of an abrupt nature rather than the smcoth
{2). wWhile the models discussed in this paper show promiss

as an alternative toc OLE, much research remains tc be done.
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Table 1.

Gntaric

52 observations . . 11,28 47

57 observations . 8.0 .414 . .5

% : : 2
Critical value of ¥ at 95% with seven degrees of freedom is 14.07.

Maximum Likelihood Estimates of the Diagonal
Elements ¢f A for the Purely Systematic

. e *
Variation Model

U.S. . Western

Ontario

57 obs. 52 obs. . 57 cbs. 52 obs.

1.023 1.013 . 1.008 1.007
.5917 1.021 : .9751 .9755
.9709 .9771 .9999 .9963

1.015 1.027 . 005 1.012
.5863 .94¢3 . 9455 .9542

1.030 .9141 : .9563 .5633
L9950 . 005 .9948 L9971

*
For each model the first element in the column corresponds

to the element in A that multiplies ths intercept term, the
next three numbers correspend to elements in A that multiply
the seasonal dummies, the next number multiplies hog price,
the next number multiplies feed price and the last number
multiplies the lagged endogenous variable. '
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“Table 3. Root Mean Square Errors Computed
from Dymamic Simulat%o&i for the Four
Mcdel Specifications >

U.s. Western C. Quebec

167.5 14.80  5.878
(6.62) (13.9) (8.94)

145.7 8.696  2.448
(5.66)  ( 8.19) (3.27)

1104.3 2.334 .9758
(4.13) - (2.15)  (1.43)

58.28  .3863  .2446
(2.33) (.359) (.370)

167.8 .14.89 5.963
' (6.62) (14.13)  (8.96)

142.2 10.85 3.570
(5.55) (10.1) (4.97)

103.9  2.470 1.150 .294
(4.09) (2.27)  (1.36) .46)

+* ~
In each row the number is the root mean square error defined as:

2
11
RMSE Tjn d1 G- Y

where P, is the simulated or predicted value of an endogenous
variablé and A, is the actual value of the endogenous variable. ,
In parentheses below each RMSE is the percentage RMSE defines as:

PRMSE = IOQJE. Z [P, - AD/A ]

* % - . ..
For the U.S. equation pork supply is in hundreds of milliens of
pounds and for the Canadian equations the units of measurement
are millions of pouiids.
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%
Table 4. Reoot Mean Squares cf Forecasts

Eoct Mean Squares of Ten Period Forecasts

G.S. s Quebec
: 17.66
(11.73) A (1k.23)

~ .
19.90
{15.8)

15.83
(13.0)

1 b
(11.8)

0LS 52 obs
pSy 52 obs
RSV1 52 obs

«

‘RSVZ2 52 ous

on Vive Period Lx Post Forecasts

. : "Ontari
CLS 57 cbs . 2 16,08
3. (16.0}

PSV 57 5bs 21.29

Sl

{18.0)

RSVL 57 obs .946 o 17.50
(2.8L) (15.1)

% . .
The definition cf roet mean squares is given at the hottom of
Table 3.
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