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I; is common for maﬁ'y studies to use seasonally adjus‘ted'data or‘ to assume determinist
’seasmiﬂitybi'n their empirical analyéis* Ho’wt‘wcr, using scasabal‘ édjusthmcnt procedure
| have uhdcsimb‘la effects én.cl ,5ssu.ming Qexarnjin;stfc suixs&n‘ality is ina;ﬁp@primc if the
séa_sonalily is geﬁem;ed byva stochastic process. Scasonai fin,,tegmtion tests have been

developed to test for ‘the‘prcsence of non-scasonal and 'seasonal unit roots. An al‘ter‘nat
;methbd for the analysis of ‘s:'ea'sonafi data call’ed'périodyic integration has ;ﬂso been propi
by Franses (1992). {n this study, unit root tests for seasmai ’(or non-periodic) and peri
| integration are applied to sg:a,sonany unadjusted Wbol and livestock time sgrics, The re
indicate that integrated models may be a useful tool for univariate or multivariate foreg

| of some agricultural commodity data.




Introduction

The multiplicative seasonal/non-seasonal model (Box and Jcnkins 1970) has been widely
used in empirical analysis for seasonal data, However, the 'inmxcncc of the seasonal
components and the trend dm not independent in the mumplicmive seasonal mod;él. Tests
such as the HEGY (Hylleberg et al. 1990) and thé OCSB test (Osborn et al. 1§88) have
been developed to address the separate influence of the s‘easo:fal and non-seasonal
components. A more recent class of model which addresses the qucétion of the type of
scasonality in a series is th(:‘ periodic time scrfes model. A major dif fcrexice between a
scasonally integrated model and a pcriodi‘c model is that the parameters are not constant

and vary with the seasous.

Historically, most empirical analysis of time series with seasonal fluctuations involves the

use of st asonal dummies and the assumption of constant seasonal patterns. Recent
anal;. 25 (Franses 1994, Harrison 1994) hias shown that this assumption does not hold for
many macro economic time series, A model with constant seasonal parameters may

systematically under or over-predict if the true series is a stochastic process,



The choice betwceﬁ a deterministic model and an integrated model depends on the de
of variation in the scasonal pattern. Changing seasonal patterns implies there are sea:
unit roots (i.e. fstocﬁz‘isﬁ‘cy trend) and thé seascnally integrated model may be the corre
choice of model, The,pcﬁodi‘c’ imegrated (P1) model is a less restrictive model than t

seasonally integrated model and allows the seasonal coefficierts to vary periodically,

There does not appear to have been any investigation of stochastic seasonality in Aus
agricultural commodity data. This study will test for scas@hal unit fools and periodi
roots in wool and livestock commodity data, Using quarterly data for all series

standardises the analysis and allows the statistical tests to be more’ eésiiy constructed
study will then examine wool auction prices (nominal) for the Reserve Price ‘Schkcmie
period (1975-90), which provides 'enou'gh obsérvatians for an adequate statistical an:
Wool production data for the period 1972-93 will also be ahalysed:i‘ Livestock kstatiét
production, consumption and real $alcyard‘ prices are examined for the period 1972:¢
These three s,cﬁeé arc then disaggregated into the four major types of fivestock, name

beef, mutton, lamb and pigmeat.



Modelling Seasonal Processes

There are three important types of seasonal processes:

i Purely deterministic process

i) Seasonally integrated process

iii) Periodically integrated process

. Deterministic Seasonal Processes

A deterministic constant seasonal pattern can be accommodated by the use of seasonal

dummies. A non-stationary I(1) quarterly process with deterministic seasonal effects,

X = Xy = 2Dy te

is stationary after differencing, with Dq as a one/zero dummy for each quater, q.

. Seasonally Integrated Processes
Seasonal unit roots are stochastic processes and the use of seasonal dummies is not

appropriate if the seasonal process is an integrated process. For quarterly data,



(1-L%x = (L) (1+L+L24L3) 5
= (1-L) (141 (1+4LY) x,

= (1-L) (1+L) (14iL) (1-iL) x¢

Using thebpemmr (1-L*)to induce stationary assumes the pfcsci1ce of four roots on {
unit circle. A seasonal unit root in quarterly dma 'has four roots at different .rfeqnenci<
given by 1, -1, 7 and -i. The -1 root refers to the biannual frequency, whilst i and =i re
the quarter and Lhmc:~quar1§r ‘frcqucméy. 1f a variable has « be ’ﬁi‘ffemnc“ed 10 inﬂuéﬂ
stationary, this may be as o result of a zero f‘mquamiy unit oot and/or seasonal i‘rc‘:qué
unit roots. The zero frequency root [(bw} corresponds (o the cpm«mtianle unit root
process. The Augmented Dickey-Fuller (ADF) test is commonly used to test for this
root. The seasonal frequency unit roots correspond to thé decomposition of S{L) =

(1+L+L2413), This di fferencing operator is used in the HEGY and OCSB tests,

. Periodically Integrated Processes
Seasonal unit root are non-periadic stochastic processes that use the (1-L) operator to

induce stationarity. A periodic process utilises the (1-¢L) differencing operator to ¢
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the stochastic trend, where all § need not equal one, but where E Go=1.
5=

l

i

Y o (1] the senies is stationary, Le. PLOY, and has no periodic unit root (Franses 1994).
[ .

For a periodically integrated process iPIAR) of order p. the model:
A) pﬂ% &
Y, :Elé" X+ IL z B0, - ‘3’“‘}*;\1)‘*‘ ..,cx Dy +g,

1s estmated by non-lingar least squares under the restriction of a single unit root, i.e.
101020304 | = 1 + Boswijk and Franses 1994). This process is periodically stationary

when 10;0203041 = 1, and %y is then periodically integrated ol order one, PI (1),

A seasonally integrated process for quarterly data entails the presence of four unit rocts on
the unit circle and there is no common trend in the series (Boswijk and Franses 1994), In
contrast, the periodically integrated process has a single unit root and the quartezs have a
common stochastic trend.  The conventional I (1) p:mcesé isa special case of periodic
integration. The hypotheses of a non-periadic unit root [§1= ¢y= ¢3 = ¢4=1] can be tested
against the restriction of a periodic unit root {305 = 1, but not all §s = i]“

" - “ “ - 5 S



For quarterly data which is stationary, the periedic autoregressive process PAR (1) ca

estimated by applying OLS to:

4 A .
X, = Z]‘{’ ¢Pu z“;’qbqfx‘tﬂl +Y
4= 9=

If x, isnon-stationary, then we can also estimate the following:

4 4 s ;
Ax, = E]\y oDyt * Z}(@ ¢ = DDpX e + 14,
ys NG ' ,

and using the Wald statistic test the hypothesis that:
01020304 =1 v Qidadsba#1
The ADF, HEGY and OCSB fests cannot discriminate between a periodic and non-p

process, If these tests are applies to a data generating process which is PI(1), they m

incorrectly conclude the process is 1(1,0), particularly when all the q's are close to ¢
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In contrast to the ADF, HEGY and the OCSB approaches, periodic integration does not
p ,,

assume the parameters are constant over seasons.

ADF, OCS8, HEGY and I’AR test resuits

All the tests include seasonal dummies to capture any deterministic seasonality in the

seri s The lag length (pi was chosen by the Lagt:,xﬁgi‘an M‘ulﬁplﬂkicr (L.M) test indicating the
absence of serial correlation. The periadic integration results are only detailed if the LM
test on the PAR{ 1) moctci indicates there is no residual ;scrizil correlation. Due to the
difficulties of estimation, higher order PAR pmt‘féss&s are considered outside the scope of

this study. The results of the tests are summarised in Table land Table 2.

The results of the ADF test indicate that all variables, except pigmeat consumption and the
livestock saleyard varinbles are integrated of order I(1). T‘hﬁe OCSB and HEC}Y’tcsts also
indicate that most of the variables are intcgmmd at the zero {requency only. The OCSB tésf
alone indicates that mutton pmdimﬁon, aoknsumpﬁmn and sales, and lamb production are
not integrated at any frs:quéncics* Only pigmeat consumption is judged to seasonally

integrated and the test of a periodically integrated process was rejected, Within the PAR
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Table 2: Wool Results

TADF 0CSB HEGY

- PAR
Variable ~ Order  p Order

p ;V'Ordér‘ Order
M20 | 1 | 8 00 | 4 0 | o#
M 21 1| 4 0,0 g Lo o#
8 g
8 8

-, e

M 19 | I

M 22 | ool #
M23 1 Lo #

M2d | 1 | 4 10 § 1l PL(L)
M2s | 1 | 4 10 | 8 L] e

M27 o4 4 Lo P

| 4 4

4

1,0

M30 1 1,0 10 | 1.0

M19:  Micron 19, etc.: ‘ #  serial correlation at 1%
WP: Wool Production

The test results indicate that many of the wool microns have both seasonal and non-
scasonal unit roots. The tests suggest that microns 19, 20 and 30, and wool production
may only have non-seasonal unit roots. Restrictions on the PAR (1) model ac,ccpts micron

30 only has a non-seasonal unit root, Only for microns 22 and 27 do both tests conclude



test, a nested test for an ordinary integrated process [(1,0)] was then performed on all {

saleyard price series and the beef production series. ‘This restriction was aceepted for ¢

five series and the conclusion is that these series are an 1(1,0) process. Therefore, of

livestock series only pigmeat consumption is judged to be scasonally integrated,

,,,,,,,,,,,,,,,,,,
e e e

ADF  OCSB

Table 1: Livestock Results

BP
MP
Lp
PP
BC
MC
LC
PC
BS
LS

MS
PS

BP:

~Variable | Order  p

]
I
1
]

T N = S S S

Beef Production, efe.:

0.0

l 10:

1,0
0,0
1,0
0,1
1,0
1,0
0,0
1,0

P

0 1,0
0 1,0
0 1,0
4 10
4 1,0
4 1,0
4 1,0
8 0,!
0

7

9

2

10

1,0
1,0

oo |

" Order . Ordc

PI (¢
1,0
1,0
1,0

1,0

#  serial correlation at 1¢

I & 27 T I W FAPRERE=

T LR W



the series has a seasonal unil oot and is | (1,1). Since the tests are bfased' towaﬁ:fs
rejecting that the series are 1 (1 1) in Tavour of 1(1,0), this impliies there ié‘high power -
accepting that microns 22 and 27 have 4 seasonal unit root in the data generating proc
An estimated PAR(1) model indicates that microns 24, 25 and 27 are periodically |
integrated, rather than seasonally integrated as indicated by the other tests. The HISG
also indicates that microns 21,22.23 have a seasonal unit root. The PAR(1) model I‘cf
microns indicated the presence of serial correlation. Sinee higher order PAR models
not estimated, it is not possible to indicate whether these microns are periodically

integrated.

Deterministic seasonaﬁt& |

Seasonal integration and periodic integration has now been investigated as a possible
generating process for the cmmmodity series, fll’r.’w assess the true seasonal process, it is
necessary (o consider the deterministic component of seasonality in the series, To firs
remove the trend in any series, differences of the variables classified by the HEGY tes
1(1,0) or I(0,1) were tuken (Osborne 1990). The relative importance of the Qctarmini

component of seasonality is indicated by R? for the following equation,



X ¥ S+ al(Du « D4.§) 4 (‘Lz(ngt * D‘M )+ Cl:;([:);m« - Dm() + G(

where X,* is the transformed series, and Dy are seasonal dummies for quarter i= 1,2,3.4,

This regression impases the condition that the seasonal dammy coefficients are constant
throughout the sample period. Although this assumption may not be true, this regression

does offer some insights into the relative importance of deterministic seasonality,

The results show that, inn general, the livestock series have 4 greater deterministic
component than the wool price serics. Unlike the wool price series, wool production has a

large deterministic component.



Table 3: Deterministic Seasonality

Variable R Variable R
—ar 40 | M9 0l
MP 64 M 20 01
LP 52 M 21 05
PP 67 M22 09
BC 23 M23 09
MC 16 - M4 09
LC 37 M 25 .09
PC 67 Vi 01
BS 07 M30 .00
LS .36 WP 60
- MS .00 |
PS 3

Tmplications of results

. Livestock Data

Seasonal and periodic integration processes are rejected for all the lamb and mutton

1t appears that the most of the lamb/mutton series have a deterministic seasonal com

It appears that beef consumption and saleyard prices are non-seasonal processes and
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is not a large deterministic seasonal component in either series. A deterministic model may
be most appropriate for beel prodqc‘tion, Pigmefxt saleyard prices show little intra-year
variation and all tests indicate there is‘ little deterministic or sr‘oéhaszit: seasonality. Pigmeat
production can best be modelled with deterministic seasonality. Consumptionrhas a large
deterministic component anc,l‘exnmihaticn 6{‘ the data reveals pigméat consumption in the
first quarter of the year to be a,lways lower than the preceding December quarter. The tests
also indicate that pigmeat consum;ﬁlion may also be seasonally integrated, The forecasting

performance of models utilising deterministic or stochastic seasonality was not evaluated,

. Wool Data

Wool production did not exhibit seasonal uni’t roots but does have a deterministic seasonal
component. The deterministic component of the wool auction pkicc series was estimated to
be less than 10%% for all micr.on‘s.’ A model assu’m‘i‘ng this simple structure may conclﬁde
that seasonality was unimportant ﬁ)rﬁ modelling the price series. Contrary to these
expectations, the tests iﬁdicaté the presence of seasonal and periodic fintegration in some

wool price series.



The finer ﬂ.eeee: microns (19 and 20) and the coarse grade (30) are judged not to have
seasonal unit rool. These results may fqi’fOW from two factors. Price variab"i!ityaf tt
flecce microns was most reduced ’by the presence of the RPS. Micron 30 was regulas
close to the tloor price during the RPS period and iarge quantities were purchased by
Wool Commission to suppart the minimum ﬂ‘oor‘pricev Results for the medium grad
microns (21-27) show séme conflict, although the indications géneraily that seasonal
not dcterminisﬁc in these series. The PAR (1) models indicated some of the mediurr
microns are periodically integrated. For those micréns 2123, further estimation of }
order PAR’pmcessas is requi’md. d&e to residual serial correlation. If microns 21-27
found to be periodically integrated, then a multivariate analysis could be conducted,

periodically integrated rin:odel‘ wciu,id‘ offer superior foreciasting ability over a determi

model,

Conclusions
The assumption of deterministic seasonality should not be summarily i’mposcd on
agricultural commodity series and the systematic application of tests for periodic or

periodic unit roots shouid be preferred, A univariate modelling approach that allow
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the incorporation of seasonal coefficients that are either seasonnny‘m\ periodically
integrated would then follow, This type of lorecasting model offers the possibility of
superior univariate forecasts over models that assume ‘thc‘simplar deterministic seasonal
process. Where a series is determined to be periodically integrated, a Qnivariate model

should out-perform or at least equal the performance of the non-periodic model.

Most of the livestock series did not exhibit seasonal unit roots and may best be mdd‘el,lcd by
deterministic seasonality. The presence of the Reserve Price Scheme (RPS) was expected
to have lessened the importance of modelling seasonality in the wool price series, The
results show that the microns most heavily gnppamd by the RPS had no significant
deterministic or stechastic seasonal component. The other fleece types (i.e. ,c;sccludingj
microns 19, 20 and 30) were all found to contain either a seasonal unit root, or were
periodically integrated. In contrast to wool prices. it was found that wool production can

best be modelled with deterministic seasonality.



The fact that most of the rhicmns were seasonally or pcﬁodicﬁ!ly jntegmted offers a

possibility for improved forecasting of ]jric:c:s. The present wool futures contract is tr
against the "standard" 22 micron indicator. Since the correlation of other grades (o th
micron indicator varies over time, producers of wool feece other than the 22 micron
an additiona{ source of price vi:riabilfity* The analysis of this price variability would 1

a multivariate approach in estimating a seasonal or periodic cointegration process bet

the different micron types.
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