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The purpose of this study is to examne the forecasting abilities of the
sane mul tivariate autoregressive nodel estinated using two nethods. The first
nethod is the "exact nethod" used by the SCA Systemfrom Scientific Conputing
Associ ates. The second nethod is an approxi nati on nethod as i npl enented i n
the MIS systemby Autonatic Forecasting Systens, |nc.

The two net hods were used to estinate a five-series miltivariate
aut or egr essi ve nodel for the Quenouille series on hog nunbers, hog pri ces,
corn prices, corn supply, and farmwage rates. The 82 observations were
arbitrarily divided into two periods: the first 60 observations were used to
estimate the nodel s; then forecasts for one through ei ght years ahead were
cal cul ated for each possible point in the renai ning 22 observations. The root
nean square error (RVBE) using the SCAestinat ed paraneters was sral l er than
the RVBE using the MISestimated paraneters for 38 of the 40 possibl e val ues
(five variables by eight forecast horizons) and tied for one point. The
average i ncrease in the RVBE when usi ng the M'S paranet ers was approxi nat el y
9 percent. Wsing the SCA paraneters for forecasting provided snal | er nean
absol ute error (MM for 35 of the 40 val ues, with the average increase from
usi ng the MI'S paraneters bei ng approximately 5.6 percent. Using the SCA
paraneters provi ded snal l er nean errors(M) for 39 of the 40 val ues, with the
aver age i ncrease fromusing the M'S paranet ers bei ng approxi nately .023.

Thus, the SCA estinmati on nethod is shown to provide better forecasts than the
M'S nethod for this one exanpl e.



ESTI MATI NG MULTI VAR ATE AR MA MDELS. WHEN IS ALGBE NOT GOD ENOUGH?

|. Introduction

Littl e study appears to have been done on the effects of different
net hods of estination of the parameters in a nultivariate autoregressi ve
i ntegrated noving average(MMRMY) nodel on forecasting. It is extrenely
difficult to estimate a multivariate nodel with nore than a few seri es.
Gonsequent |y, i f approxi nate nethods can provi de estinations that are cl ose
enough to provi de "adequate™ forecasts, the savings in conputer cost can be
substantial. In this study, we examne the forecasting perfornance of the
sane nodel estinated using two nethods. The first nethod is the "exact
net hod" used by the SCA Systemfrom Scientific Gonputi ng Associ ates. The
second nethod is an approxi nati on nethod due to Sliid(1983) as inpl enented
in the MTS systemby Autonatic Forecasti ng Systens, |nc.

The two nethods were used to estinmate a five-series multivariate
aut or egr essi ve nodel for the data on hog nunbers, hog prices, corn pri ces,
corn supply, and farmwage rates as given in Quenouill e(1957). The data
consi sted of 82 yearly observations from1867 to 1948. The 82 observati ons
were arbitrarily divided into two periods: the first 60 observati ons were used
to estinate the nodel s; then forecasts for one through eight years ahead were
cal cul ated for each possible point in the renai ning 22 observations. The
nodel s were actual ly estimated in the natural |ogarithmof the original data
and the results givenin this paper are in terns of forecasting the | ogged

dat a.



II, Tine Series Mdel s

The followng is a very brief description of the general MAR NA nodel .
Tiao and Box(1981) provide a nore detailed description of the nultivariate
ARIMA nodel s. These nodel s are particul ar versions of the general tine series

nodel of order (p,q) given by:

(1) @ (B)z, = 8 (B)a, + §,,
wher e
_ - - - P
(2) 2B =I1-4B- ... ipB,
8,() =1 - 4B - ...-¢B,
and

B = backshi ft operator(e .g., B%z; , _ Zy o)
L=kxkidentity matrix,

Z ~vector of k variables in the nodel,

$.'s and 8,'s = k x k matrices of unknown paraneters,

J

6, =k x 1 vector of unknown paraneters, and

a =k x 1 vector of randomerrors that are identically and

i ndependent |y distributed as N(0,Z).

Thus, it is assuned that the a,,'sa different points intine are
i ndependent, but not necessarily that the el enents of a are i ndependent

at a givenpoint intine.



The n-peri od-ahead forecasts fromthese nodel s at tine t (gt(n)) are

gi ven by:

(3 z, () = ¢ 1z, ,1+ ... +4lz, ]

+ [a 6. [a

Y D K NS e E- N

where, for any value of t,n,m, [x,_ ] inplies the conditional

expected val ues of the randomvariables x, , _

Lat tinet. If n-mis

| ess than or equal to zero, then the conditional expected val ues are the
actual val ues of the randomvariables and the error terns. If n-mis greater
than zero, then the expected val ues are the best forecasts avail abl e for these
randomvariables and error terns at tine t. Because the error terns are
uncorrelated with present and past infornation, the best forecasts of the
error terns for n-mgreater than zero are their conditional means, which are
zero. The forecasts can be generated iteratively wth the one-peri od-ahead

forecasts that depend only on known val ues of the variables and error terns.

The | onger-length forecasts, in turn, depend on the shorter-l ength forecasts.

III. Devel opnent of Mbdel s for Forecasting

Because we wi sh to test which nmethod provides better forecasts, we
divided the data into two periods. The data from1867 through 1926 were used
to estinmate the nodel for each nethod with adjustnents in the starting period

for the lags invol ved in the nodel . The last 22 observations(from 1927



through 1948) were used to test the forecast accuracy of these nodels in terns
of root nean square error (RMSE) of the forecasts for one to eight years
ahead.

For the MAR MA nodel , we devel oped a nodel by using the nethod of Tiao
and Box (1931). This nethod is simlar to the Box and Jenki ns(1976) net hod
for devel opi ng uni vari ate nodel s, except that cross-correl ati ons between the
series are added and nodel ed for. This is aniterative nethod that invol ves:
1) tentatively identifying a nodel by examning autocorrel ati ons of the
series, 2 estimating the paraneters of this nodel, and 3) appl yi ng di agnostic
checks to the residuals. |f the residual s do not pass the di agnostic checks,
then the tentative nodel is nodified, and steps two and three are repeat ed.
Thi s process continues until a satisfactory nodel is obtained. The resulting
nodel was an MAR MA (1,0,1) nodel. That is, it was first order in both the

aut oregressi ve and the novi ng-average terns. It thus can be represented as:
1 - . 1
(4) (I -¢4852 =1 - §B)a,,

wher e fll and g, are 5 by 5 matrices of unknown paraneters that nust

be estimated. These natrices were estimated by the two different nethods

di scussed in the next section.

V. Estination Methods and Resul ting Paraneter Estinates

The MAR MA (1,0,1) nodel was estinmated using two different nethods. The
first nethod i s the "exact nethod" used in the SCA Satistical System Version
IITI fromScientific Gonputing Associates. This nethod is an i npl enent ati on of

the estimation nethod usi ng the "exact" |ikelihood function given by HII ner



and Ti ao (1979). This nethod actual |y approxi nates the |ikelihood function
based on the stochastic structure of n-1 observations wth z considered

fixed for nodel s with an autoregressive part of order 1. Because this nethod
is extrenely technical, the details are not presented here. The second net hod
i's an approxi nation i npl enented i n the M'S systemfrom Aut omati c Forecasting
Systens, Inc. This nethod is based on the results given in Spliid(1983).
Sliid believes that this approxination nethod is an economcal alternative to
nmaxi muml i kel i hood et hods, whi ch can be expensive, that this nethod can

provi de good starting val ues for maxi numlikelihoodestimation, and that this
nmethod can be used ininitial studies to hel p determne an appropriate nodel
by the estination of different forns and orders of nodel s.

The results of estinating the nodel using the two nethods are given in
table 1. Theresults are fairly close for nost paraneters, but in one case,
the difference is substantial. This is the novi ng-average term correspondi ng
to the effect of the lagged error in forecasting hog nunbers on the farmwage
rates. The next step, determning howthese differences affect the forecast

performance of the nodel, is addressed in the next section.

V. Forecasting Results

The nodel s devel oped for this study were used to forecast the five
variables for a forecast horizon of up to eight years from1927 through 1948.
These were actual forecasts and did not use any infornati on wthin the
forecast horizon. Thus, the nunber of forecasts we have for each forecast
l ength varies. For one-quarter-ahead forecasts, we have 22 observations; for
two quarters ahead, we have 21 observations, etc. For the purposes of this

study, we cal cul ated the root nean square error (RVMBE) , the nean absol ute



error (ME), and the nmean error (M as neasures of forecast accuracy. The
results are presented in tables 2 through 4.

The RVBE using the SCAesti mat ed paraneters was snal | er than the RVBE
usi ng the MTS-estimated paraneters for 38 of the 40 possi bl e val ues(five
variabl es by eight forecast horizons) and tied for one point. The average
I ncrease i n the RVBE when usi ng the MS paraneters was approxi nately 9

percent. For individual variables, the increases i n RVBE fromusi ng MIS wer e:

Hog nunber s 5.9 percent
Hog pri ces 7.6 percent
Gorn prices 1.5 percent
Gorn suppl y 5.3 percent

Farmwage rates 24.6 percent

Thus, in terns of RVBE, the forecasts produced fromusing the SCA
paraneters domnate the results using the MIS paraneters. A najor difference
inthe results for farmwages parallels the difference in the estinated
paraneter that indicates the effect of hog nunbers on farmwages, as shown in
table 1.

Wsing the SCA paraneters for forecasting provided snal l er MAE for 35 of
the 40 val ues, wth the average increase fromusi ng the M'S paranet ers bei ng

approximately 5.6 percent. For individual variables, the increases in NAE

were:
Hog nunber s 1. 2 percent
Hog prices 3. 3 percent
Gorn prices 5. 8 per cent
Gorn supply 7.0 percent

Farmwage rates 15.9 percent
The results are agai n consistent wth the difference in the estinated
paraneters. The farmwage forecast is substantially different, with not as
nuch difference for the other variabl es.
Wsing the SCA paraneters provided smal ler ME for 39 of the 40 val ues,

w th the average i ncrease fromusi ng the MIS paraneters bei ng approxi nat el y



.023. The MEs were always of the sane sign for both sets of estinated

paraneters. For the individual variables, the increases i n ME were:

Hg numbers .0060

Hog pri ces .0157

Gorn prices .0431

Gorn suppl y .0104

Farmwage rat es .0396
M. Sumary

I nthis study, we have conpared the forecasting perfornance of the sane
mul tivari at e aut or egressi ve novi ng average nodel estinated by two different
net hods. The "exact nethod" used in SCA dom nates the approxi nate net hod used
in MSfor all variables and tine lengths used in this study. The results
indicate that for at |east one of the five variabl es studi ed here(farm wage
rates), there is a substantial difference in the forecasting ability. For the
other four variables, there is not as substantial a difference, but the
di fference coul d be very neani ngful , dependi ng on the application.

The results of this study indicate the inportance of using as accurate
an estination nethod as possible and indicate that for at | east one variabl e
inthis study, the forecasting perfornmance can be substantial ly inproved by
using the better nethods. This result nay have inplications for studies
that have shown that Box-Jenkins nethods do not performas well in forecasting
as other nethods. Mst of these studies use univariate nodel s in which the
result nay not be as dramatic. However, there has been no study of this
effect inunivariate nodels. This is an area for further research.

These results are, of course, based only on one set of data and may not

carry over to other cases. However, the results do indicate that whenever a



study conpares forecasting abilities of different methods, the nmethod of
estimating should be clearly identified. Further work is needed to deternine

whet her these results are general or are specific to this data set.
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Table 4 Conparison of Mean Error

For ecast hori zons

(years)
1 2 3 4 5 6 7 8

Hog nunbers
MI'S nodel -.0056 .0066 .0215 .0342 .0474 .0585 .0643 .0653
SCA -.0094 .0008 .0151 .0271 .0394 .0502 .0562 .0575
AB3 M)

-ABS (SCA) -.0038 .0058 .0064 .0071 .0080 .0083 .0081 .0078
Hog prices
MI'S nodel .0627 .1332 .1765 .2053 .2243 .2413 .2718  .3158
SCA .0571 .1217 .1595 .1858 .2044 L2224 .2547 . 3001
ABY MIS)

-ABY SCA) .0056 .0115 .0170 .0195 .0199 .0189 .0171 .0157
Corn prices
MTS nodel .0601  .1041 L1311 .1485 .1671 .2076 L2494 2699
SCA .0545 0967 .1237 .1418 .1615 .2032 L2461 .2672
AB3 MI'S) _

-ABS(SCA) .0056 .0074 .0074 0067 .0056 .0044 .0033 .0027
Corn supply
MI'S nodel .0083 .0218 .0345 .0444 .0559 .0621 0646 .0692
SCA .0042 .0130 .0234  ,0319 .0431 .0498 .0533 .0588
ABS MIS)

-ABY SCA) .0041 .0088 .0111 .0125 .0128 .0123 .0113 .0104
Farm wage rat es
MIS nodel .0679 .1166 .1615 .1952 .2249 .2535 .2845 3151
SCA .0444 .0804 .1173 .1481 .1783 .2098 L2449 2791

-ABY SCA) .0235 .0362  .0442 0471 .0466 .0437 .0396 .0360



