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I. INTRODUCTION

COne of the central aims of research in econometrics or social sciences 1= to define
basic mincipdes whereky avalable information may be used to forecast futuwre
ecohanic and social conditichs or parameters. This paper presents an example of
how quantitative methods can be applied in forecasting research.®™ To more
effectively demonstrate the akility of forecast, it empovs the real retail pork price
data that could ke obtained through USDA, LD

In the following, the step by step development of two alternative price models is
ocutlined These alternatives result from the statigtical weakness observed in simple
OLS pre-test model which was initislly investizated The rewvised models
prescribed here, a restricted first-order lag model and a Durbin two-stage feasible
generalized least squares model, are derived from two different assumptons about
the crigin of the statistical problems in the simple OLS model, Even though they
make these different assumnptions about the source of error, the specifications of
both the lag and FGLS models originate from an identical, more general struchre,
which was used as a pretest for each of these final models

[deally one of these models would be peferred in part due to better statistical
properties and at least partally on the basis of some knowledze about the pork
econany and relationships within meat markets, In this investgation, howewer,
after the models were specified, they were compared and evaluated primarily on
the basis of ther forecast akiliies, The same general strategy emploved to arrive
at and assess these pork price forecast models can be used in a wide spectrum of

other research issues in numerous fields of study,

I. MODEL DEVELOPMENT

Financial decisions or pelicies are often dependent upcn the exzpected levels of
commedity prices. For this reason, over the past several decades much work has
been done to develop and refine methods and models for predicting and price
trends in markets for agricultural products over time (Buse, 1989). A complete,
systematic soluticn to this problem for the meat market weould characterize and
incorporate the mterrelated nature of the entire industry by considering both
supdy and demand markets within the pice forecast models (Harlow, 1962), Using

17 This paper utlizes pork price data to better ilustrate the basics of models dereloped here. The
cofclusion made here is expected (o bring wTarious applications id public secfor resesrch such as
forecasting revedues and expedditures of local goveromed ts.

Z) The material is coatained in Livestock and Pouoltry Sitwation aod Outlook, LPS-2%, 1988 and TUSDA
Agricultural Econ. Rep. 623,



the type of approach outlines by Harlow, product prices would be found by solving
a set of equations where the prices and consumpdon Quantities would hbe
sirmiltanesudy  determined and related to each other as well as te supdy
quantities,

While a simultanecus equaticns methodology has been a popular area of research
and may provide a fruitfal approach for modeling the meat economy in the United
atates, this study invedigates more tradiional, single equation models to forecast
retall pork price In this study consunption quantities of pork and other meats are
treated as being exogenously detertnined. This approach may be ustified in case
retall meat prices are assumed to have no strong influence from supply side
quantities, In reality, since meat supply quanfities are almost entirely determined
bv decisions made at least two quarters in the past, this assumpticon is probakbly
valid, at least in the short run, Past empirical results have shown this strategyd! to
result in relatively accurate forecasts for prices n the retail meat market (Buse,
19849)

. ORDINARY LEAST SQUARES MCGDEL AND EVALUATICN

The first step in the development of this forecast was to identify factors deemed
to have some potental influence on or relationship with the price of pork. Aside
from consumpticon variables for pork and related meat poducts several other
variables were initially considered The independent wariakles used in the first
regression incuded quarterly data descriking the per capita consumption of pork,
chicken, beef, and twrkey, Potential seascnal wariaticts in the meat econany was
considered by incduding three quarterly durmmy variakbles In addition, the consuamer
price index was incuded as a poxy for the oversll dimate of the economy. The
following variables were used in this model:

Dependent Variakles:

RPFEt = retail price per pound of pork (deflated centsdb)
Independent Variables:

CBFt = per capta consumption of beef (pounds/pen)

CCHt = per capita consumption of chicken (pounds/psn)
CTEL = per capita consumption of twkev (pounds/psn)

CPEt = per capita consumpton of pork (poundsen)

@ = seasonal dummy variable (1= 1, 2, 3 guarters)

CPIt = consumer price index (1982-1984 = 1007
Guarterly observations on all wariables were used throughout the sample period

3) The strategy (redls codsUmMplion quadtities 35 exoZed ous.



which ranged from the first quarter of 1976 to the fourth quarter of 1992
(including a total of B8 points in the time series). Three quarters of 1993 data
were withheld from the analvsis in order to allow an ex-post forecast ewvaluation.
&5 a pretest tool, an ordinary least squares regression was carried out using these
variables, Results of the OLS model for the real price of pork are given in Takle 1.

Takle 1. Simple OLS Pre-Test Model Results

Fredictor Coef Stdey -ratic VIF

Corstont B77.93 b5.92 10,15 0.000
CEF -h.18% 1.442 -3.h8 0.001 10.3
CTK 2.887 3.82 0.76 0.453 32,6
CCH 6667 2,247 2.97 0.004 23.2
CPK -17.208 1.579 -10.90 0.000 2.8
CPI -170.186 14,11 -12.06 0.000 16.7
all -2.60 10.96 -0.78 0.438 27.6
o -19.19 11.23 -1.71 0.093 29.0
a1 -12.706 9,203 -1.38 0.173 19.5

5= 7445 Reeg = 0935 Resgladf) = 0027 D-W = 080

&gide from the econcmically lllegically signs of the coefficients for turkewy and
chicken consumption® sSeveral statistical problems with this moedel can be
ohearved, reflecting on its quality, First, it is seen that the regressars for the three
seasonal durmtny wvarlables are apparently not significant in this model, In addition
there is a large degree of collinearity in the regressors. This is observed through
the magnitude of the wvariance inflaion factors (WIF) in the Table 1. A similar
conclusion may ke reached by observing the large magnitudes of many of the
elements in the wvariance- covariance matriz for the regressors. Due to this
collinearity in the regressors thelr variances illustrated in Takle 1 for the OLS
regressien generate the biased wariances. This may not ke a large problem,
however, for a forecast model. If multicollinearity was the only problem with this
model and since in that case these coefficients would not be satistically biased,
the pork price forecast would under these drowmnstances be similarly unkiased
The purpose of this model is to forecast pork price and not necessarily to obtain
the true pork price model, Therefore, a problem of pure collinerity would net be a
major concern for this application since there is ne reason to helieve structure of
the multicollinerity sszen here will not persist into the futare. In that case an error

4) These goods should be subsimies for pork.



in one direction in one coefficent will tend to be balanced by an error in a second
coefficient, leaving the forecast variable unbiased

& more saious roblan with this moedel 1s dicated by the arall megritide of the Darkin-Watson
gaisic This pants to athe e o two poerda probens, antocorrdabon o model
misspedfl cation, Autecarelaion ooors with tine-saies data becanse sameathing assedated wth
fitre, such as grossth, has not been tsken into accamt and that thing influmoes seseral
obsrvaticns, Figure 1 illusrates the type of tme-dependent pettern tvgecal o resdasls of a
maede]l with autocarelated aroars Vimua ngpecton of the regdusls o the shove OLS medel
Hotted againgt titne shows that pogtive redduals tend to be fdlomed by other pogtive resdusls,
negatve reddials by negative regdasls, a ggn o antocorrdated arors



Figure 1. Simple OLS Hegression: Residuals vs. Time
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Sirmilarly, with eight regressors in the model (k=9) and a Dwbin-Watson statistic equal to
0.89, the hypothesis that there is ho aatocorrelation must be rejected at 19 lewel of
significance.

The mpicaticns of this appearent autoecorrelation are that althoush the estimate of the
ordinary least squares regresaon coeffidents are unkissed, there will be an dewnvweard
bias in their variances. The COL3 forecast model will therefore be mefficient and will lead
to a non-opimal forecas model at least for pork price

It iz important to note that the shove comnents about the quality of the OLE model
asaumne that it is correctly specified or at least that it ceontains all relevant
regressors in the true model, If the model dees net incdude one or more relevant
regressors, the result may ke a biased pice forecast. In this event the low
Darkin-Watsen satistic, rather than indicating autocorrelation, could egually well
be a sign of one or more relevant wariakles being omitted from the model
specification (Kennedy, 19930,

In the following two sections separate models are developed and investigated
which may be used to correct for simple firg-order autecorrelation and
misspecification in the abkoeve OLS formulation.

V. FGLS MODEL FOR AUTOCORRELATED ERRORS

If first-order aatocorrelated and not model misspecification is in fact the case, a
solution can ke based upot some type of feasible zeneralized least squares
technique, For this application the Durkin's Two Stage Method was selected The



reason for this choice isthat a DTSM-tvpe regression is robust in that an identical
model can be used to resolve autocorrelation i the error terms of a properly
specified model as to test for misspecdfication due to lack of first-order lag terms
in the original model, The theoretical backsground supporting this assertion is
discussed m more detail below,

The assumed functional form of a ttue model with first order autocorrelated errors
i=:

— {1

Lagging by ane period and mulfplying the entire equation by results in:

— 2

subtracting these twe relatons and substituting for the difference between the
error and lagged error terms gives the model to be estimated in the first step of
the Durkin Tweo-Stage Model:

(3

Since the error term in this equation is assuned to be norrally distribuated, it is
proper to egtimate this functensl form directly using ordinary least squares. The
OLA-estimated coeffident for the lagged endogenous wvariable in this case is the DTS
feagkle generalized least squares egtimate for the first-crder autocorrelation coefficient

. Althoush this can be shown to be a hiased estimate of the coeffident, it is however
consistent for large samples (Kennedy, 19930
The regression results for the first stage of the DTEM procedure are sheown in
Takle &. In this model the terms LCBF, LCTE, LCCH, LCPE, LCPI and LEPPE are
regressors lagged one quarter relative to those defined in the original model, The
coefficient for the lagged pork price gives an estimated autocorrelation coefficient
of 0.6285.



Takle 2. Unrestricted First-Order Lag Model OLS Hegression

Predictor Coef Stdewy 1-ratic 2 WIF
Corstart 23520 71.40 470 0000
ChF =110 1.353 -1.26 021z 216
LiZBF -1257 1,233 -102 0313 180
CTK - 1266 2714 0 0235 40
LT, 045 2082 013 08y &27
CCH 2018 2291 083 0382 e
LCCH 0551 2200 023 081y &2
CPK, -13.879 1.211 211 QU000 79
LCPK 2538 2.5 058 0333 190
Pl 2401 1541 159 00ey 2894
LR -218% 1484 215 0055 41958
Al -E003 15.05 -1.43 0189 1242
ol 23204 8274 28] 0007 27
L) 14504 &9z 213 0038 2hE
LRPPK, (0.52653 O0Ba47 hed 0000 A3

5= 4810 Rem. = 0076 RemlAd) - 0060 DW= 165

To arrive at the DTEM pork price forecast model, the estimated asutocorrelation
coefficient was then used to transform the original data matriz, In this second
stage of the DTEM procedure another OL3-twpe regression was run usSing as

exogenous variables the original wvariakbles transformed by regacing %4

. Mormally in the DTEM, to aveold losing an observaton the first

obeservation s transformed to . Howmewver, in this case since 1375
quarterly data was awvailable, fourth cguarter data was used to compute the lageed
first terms In the transformed data maftriz. It shoud bhe noted that in the
transfortmed regression, since they are not constant factors which merely shift the
y-intercept term, the form of the seasonal duwnmy variables remains as before,

The resulting regression outpuat gives estimated values in the akove equations.
The result for the second stage regression obtained after transforming the data
matriz as described above are shown in Table 3. The prefiz "T" on these indicates
they are coefficients for the trandormed wariables An F-test evaluation of this
regression results indicated that the fransformed beef and twkey consumptions
variables were not significant in the meodel at a 95% levels If rue, this result
implies an over- spedfied model with an upwardly biased variance in the model's

I'egressors,



Table 3. Stage 2, Durkin Two-Stage FGLS Model Regression Results

(estimated = 0.5285}
Predictor Coef Stdey t-ratic VIF
Censtent 21545 2456 Bb! Q000
TCEF -1.588 1,294 -123 0225 44
TCCH &bz 2,154 204 Q003 104
TCTE, 1,542 353 043 Q&0 M2
TCPK, -14.08] 1.5 -6.82 Q000 21
TR - 13S0 1775 -8k vy 28
&l 1683 1427 -1.18 0243 B35
LN 2195 AR -2 Q0 245
=l -11.319 1.253 -1.54 0124 214
5= 3470 Ry = 0847 ResglAd] = 0826 DW= 144



since the estimated autocorrelation coefficient was solved for with an improperly
specfied meodel, it 15 necessary to re-estitmate the autocorrelation coefficient nang
the reduced form of the model shown in Table 2.4 The new esimated
autocorrelation coefficient in this case was 0.6122, Reaults of the second sage of
the DTS run using this walue are sheown in Takle 4. Statistically, this meodel
appears satisfactorwy: with low t-raties and low variance inflation factors for each
of the regressors. The results of this model were transformed to obtain the DTSM
real pork pice forecasts by adding the estimated sutocorrelation coefficient times
the lagzed real pork price to the estimated dependent wvariakle in this model,
Forecasting results and an evaluation of the forecasting ¢uality of this model are
discussed i the final section of this paper.

Table 4. Durkin Two-Stage FGLS Restricted Model Regression Results
(estimated = 06122}

Predicter Coef Stdev t-ratio = VIF
Corstant 183,874 9 17,64 0.0
TCCH 8471 205 207 0003 .0
TP, -13.442 1.519 -B.85 0,000 20
TP 121442 1475 -2 0,000 &3
2 -3 335 4,88 iy 50
ol -25.370 3,858 0,58 0,000 &5
A -14.25E J0ES .48 0,000 4.1

5= 540 Rep o= 079 Regfdd) = 00 DW= 14

V. FIRST-ORDER UNRESTRICTED LAG MODEL

The regression results shown in Table 2 may alternatively be interpreted another
way, as an unrestricted first-order lag model, The form of this regression ist

In fact the results of the DTSM procedure, which assumed a medel specification
identical to the original OLS model above but with first-order autocorrelated errors,

4 The reduced form of the model remores CBF, LCBF, CTE and LCTE as regrassors.



is just one restricted case of this equation. Other types of restrictions on a lag model
of this general form may be used to tes hypothesis about the mechanians influencing
the dvnamic behavior of the pork pice with time, Placing warious regridicns on this
model can test whether the dvmamic behavior is generated by a partial adjustnent
relaticnship, a geametric form distributed lag, a dead-start type relatonship, o one
of saveral other mechanisms (Hendry, 1984), Although it i= bevend the scope of this
paper to investigate mechanians within pork markets which may reaalt in one o
more of these restricted fundicnal forms heing preferred, these alternative
specifications may ke worthy of further stady.

some observatons can be made about the results of this resgresson when it is
viewed as a lag meodel, Although there continues to be colinearity, as discussed
above this on the whole will not tend to kias the forecast prices and thus may neot ke
a serious problem in this application. 3everal t-ratios in Table 2, however, lead to a
hypothesis that there still exist some indgnificant regressers in that meoedel, If true,
thiz would indicate a misspecified model An F-test was carried out in crder to test
for the dgnificance of the wariables CCH, LCCH, CTE, LCTE, LCBF and LCFE., The
null hypethesis in this case was that all of these coefficients equal zero® Since the
null hypothesis could not be rejected at 5% ggnificance, these constraints were
added to the model The final pork price firs-order lag model for that was used for
forecasts 15 given in Takle &5,

Tabkle 5. Restricted First-Order Lag Model OLS Regression Results

Fredictor Coet Stdey -ratic £ VIF
Constant 350E0 42.7¢ B4 0
BF -2555 10628 -2 000 125
CPK, -l2a0d 1211 1003 0000 4.1
Pl LAY 141.7 215 0035 HA
LRI =251 128.C 2480 omz 21411
&l 10421 2008 =520 0000 22
s 15102 219 589 Ly 27
A 1800 238 332 ooz 31
LIPPE, 048455 O.H53E 1059 0000 L%

5=4731  Rep = 097 RsglAd) = 050 DW= 155

b As opposed to at least one coefficiedt udequal to zero.



The statigtical properties of this final model appear to be satisfactory with large
t-raticos and low VIF's for all the regressors The remowal of several msignificant
regressors from the meoedel has greatly reduced the VIF's indicating far less
collinearity in this model.® The ferecast quality of this first-arder lag model is
discussad below,

VI. FORECAST EVALUATIONS

The two model formulatiens impied by the DTEM Feasible Generalized Least
souares and first-order lag models are, respectively:

Mustratiens of the forecast results for these twe models are shown in Figure 2 and
3. It should be noted that in erder to fully evaluate the statigtical properties of
these models to determine whether there has been some misspecfication error, a
series of tests should be carried out (MoSuirk, 1993), For this apdication we will
be more interested in an evaluation based on the relative forecast quality of two
models.

6 CPI and LCPI which are collinear with ode another are a0 exceptiod.



Figure 2. Durkin Two-Step FGLS Figure 2. First-Order Lag Madel

Twro procedares were carried out to coampere the forecasting ability of these
models First, the acouracy of the models in predicting thwrning points in the data
was evaluated using an ex-ante tracking pocedure, This test locks at the actual
and forecast directions of pork price changes hetwesn consecutive periods
beginning with the first quarter of 1976 and running to the final quarter of 1992,
mecond, an ex-post forecast procedure was used to compare these models and
gauge their accuracy with respect to a naive medel which simply forecasts the
previous vear's pork price as the next vear's price, The ex-ante and ex-post
forecast evaluations of the two models are given below,

To measure the models' akilities to forecast turning peints a relative turning points
error evaluation was applied to the two forecast models. These caloulations show
that the lag model correctly pedicted 53 out of BE total changes (80%),
outperforming the DTSM model which predicted 48 out of 66 (73%) Of the 26
turning points in the sample, the lageged model performed dighfly better than the
DTEM model, with 23 (88%) compared to 22 (85%) predicted correcty.

Theil's neqality coefficient [ } was used to compare these models' ex-post

forecasting abilities. The coefficient equals the ratico of the =sum of the
squared deviaticns of the actual from forecast price changes to the sun of the
gquared actual price changes A model which naively forecasts the pice from the

previous period would therefore have a coefficient equal to one. A coefficient

less than one indicates a model which performs better than this naive meodel,

Besults using wvalues from the first three quarters of 1993 indicate values for
the DTEM model performed somewhat worse than a naive forecast of changed real

pork price and the lag model perfermed slightly better,



VI. CONCLUSION

Both of the pork price forecas models developed in this paper appear to give
relatively acourate predictions, The indicated statistical acouracy of these results,
howerer, are dependent upon several inherent asspnptions incuding proper model
specification, homoscedasticity and wncorrelated errors ™ These possikilities have
not been fully investizated in this analysis

It showld neot be too surprising that the lag model somewhat ocutperformed the
DTEM medel, especially in the ex-ante forecast evaluation. This is because the
DTEM maw alternatively be wviewed as a restricted case of the inital unrestricted
first-erder lag model from which the final lag model was derived, The assunption
for the DTEM was that a simple first-order autocorrelation mechanism determines
the pork price. There are also, howewver, several other concelvable mechanisms
which may be more realistic in explaining how pork price is determined, It is
bevond the scope of this paper to investigate mechanisms in the economy which
determmine retaill pork price in the short run, but it is noted that many realistic
mechanisms incuding partial adjustments, sinpde and geomnetric form distributed
lags, first differences and others may be described mathematically  through
different tyvpes of restricions on the original lag model (Hendry, 1984) Some of
these may be worthy of investigatict in futwre work simed at understanding the
dynamics at work in the pork market,

The lag model developed was similarly derived from an unresticted first-order
ferm., On the basis of the evaluations in this investigation this meodel appears
preferable to the DTEM as a foerecasting tool, Some warning about this method of
model development, however, 1= warrsnted &As opposed to basing improvements
and restrictions on hypothesss aheout realistic mechsnisins which determine the
model form, the form in this case was determined simply by the statistical
properties of the unrestricted medel, It will therefore naturally place fewer
restrictions on the final form than the DTEM model, For exampe, in the lag meodel
the dggnificance of current and lagged independent wvariables were considered
individually, Similar  deterrminations in the case o a model based on an
autocorrelated error gracture in effect must made in peirs ® In addition, the DTEM
framesrork in effect resticts the ratio of relative sizes of the current and lagged
endozenous variables for a glven resgressor to be a constant, Mo such restriction is
made in the lag model. Therefore, this methoed places fewer restricions on the
model form and will generally resalt in a final model better correlated with the
sample data,

The results derived on the basis of this type procedure mayv, howewver, not be

T The udacorrelated errors are id the case of the lag modal

93 It will discard the transformed gariatle which is related to bhoth currest and lazgged Tariahles.



theoretically satisfwing since it is not based on any theory about real econdanic
mechanisms, In cases where sone extra knowledze about the econcmic system
indicates there is a likely "true" mechanism by which prices are determined,
restrictions to that effect may be desirakle. This helds true even if the statistical
properties of a lirmited-size sampe seem to indicate an alternate but ad-hoc model
is peferred. In this case the lagged model is preferred on account of its somewhat
better statistical properties and forecasting abiity since we have no additional
information favorihg an autoregressive form over any other

The discussien made in this paper can be applied to other issues such as revenue
forecasting, expenditure forecasting for local governmments, The revenue consisting
of local taxes, fransfers, and bond issuance is based on various factors incuding
an economic envirentnent, For example, tax money can be determined by tax rate
and the size of tax hase. The =ize of tax base is related to the economic condiion
and demographics in the region. The basic principle of forecasting the tax revenue
could be the =same as the legic that the future perk price is estimated. The

application to theose fields should be worthy of extra efforts in future work.,
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