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Abstract

The recent decline in the price premium for fine wools above medium and strong wools has
prompied wool produeers to examine their wool production strategies, This muy lead to
some switehing from fine wool back to medivum wool. Estintes of trends in demand and
of the responsiveness of wool priees for specific categories to changes in quantity are

obtained to guide wool producers in their decision making,

Price trends for seven apparel wool types were examined and an econometrie model was
used to test whether sueh trends were important between 1977 and 1991, A dummy
variable data pooling technigue was used to estimuate a demand and slope intereept for each

of the micron eategories using the 19 micron category as the base,

The results of the study are consistent with 'n priori” expectations,  Demand for coarse
wool is expecied o deeline while demand for medium and fine wool is expected to remain

constint in the short tert and to inerease in the medium erm,
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1. Introduction

The market indieutor for Australian wool prices hus fallen from 1003 cents per kilogram clean
(¢/kg) in the 1987-88 season to 557 o/kg during the 199192 season, This decline in wool
prices has had n greater negative effect on incomes of fine wool praducers than on incomes of
coarse wool produeers, ‘The market indientor price for 19 micron wools has decrensed by 60
per cent during the period from 1987-88 to 1991-92 while for 25 micron wools it has
declined by only 33 per cent. ‘This reduction in price premiums for fine wools may induce
producers of this wool type to change the average fibre dinmeter of thelr flocks to favour
medium micron wool types,

Fine wool producers are confronted with the decision of whether to incrense or decrease
production of fine wool at a time when price premiums continue to decline, Praducers may
alter the average fibre dinmeter of their elips by either purchasing replicement medium wool
sheep or changing their flock breeding direetion by using medium wool rams, Note thit
certain envirommental restrictions limit economienl fine wool production to slopes and
tablelands districts and that coatse wool production is most suited to harsh Tringe country,

This study is designed o foeus upon the planning decisions of sheep breeders, rather than
commereial wool producers, sinee breeders imust determime the market requivements for
future sheep stock using past and current market trends when determining the breeding
direction of their flocks. Price wends are useful planning tools when pust trends are expeeted
to eontinue but may provide misleading information 1if not pualysed in conjunetion with
changes in consumer tastes, techniea! change, intemational siarket conditions and marketing
objectives,

1.2, Aim of the study

The aim of this study is to identify and quantify peice tends for apparel wool types and to use
these trends as a basls for providing forecasts of demand for tine, medium and conrse apparel
wool types. An gconometrie framework is used o iest the significance of price trends for
seven micron categories of apparel wool over a 15 year peried,

1.3, Wool Supply

Figure 1 illustrates the wupply of Australian wool by mieron estegory, Two, ten year
seasonal supply avernges were graphed. The first for 197273 to 1981-82 and the second
from 198283 10 1990-91, The graph clearly indieates that the supply of fine wool hus
inereased and more importantly that the type of wool produced has clearly shifted nway from
the broud micron eategories towards the fine end of the fibre dinmeter distribution,
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1.4, Wool Prices

Nominal price variation between 19 and 23 micron wools during the past six years has been
ns high as 1400 cents In 1989, down 10 4 Jow of 200 cents in 1992 (AWC 1992), ‘The 19
mieron indieator closed the 1990-91 season 36 per cent down on the seasan's opening price,
while the 24 micron indicator rose 26 per cent over the same period, The rise in the broad
mieron indicator was due to inereased purchuses by China during the season (AWC 1992),

Average nominal wool priges for the period 1972-73 to 1982-83 nel from 1983-84 to 1990
91 are shown in Pigure 2, This graph shows that prices for fine wools have inereased
relatively more than the increase in braad wool prices aver the two periods, Real prices for
both time periods are shown in Figure 3. Only the prices for micron categories finer than 21
mivrons have increased over the two periods. ‘This real inerease in price for fine and medium
waals wis initinlly believed to be responsible for shifting the supply of wool toward the fine
end of the distribution. However, the explanation for this shift is also believed 1o be o
funetion of the preferred processing characteristies and comfort ntiributes of fing wool types
which were heavily promoted by the 1WS,

1.5, Previous Studies

The proliferaton of econometric models 1o explain substitation among textile fibres has to
some extent broadened the empirieal knowledge of thase mnalysts who have undestaken study
within this field. flowever, the many stucies in the ield of fibre substitution are often in
canfliet. The results gained by analysis, using o range of variables, within difterent model
structures has fead to farge differences i estimates of demand and supply elasticities, 1t is
impassible that each model structure could aceurately prediet trends in textile demand.
Hence, the degree of substitution between wool types and competitive fibres remains in
dispute.

Far raw wool Beare and Meshios (19903 argue that wools are only direct substitutes over un
estimated ringe of 4 microns. This result implies that broad combing wools are not
substitutes for medium or fing combing wools, Thus, within the apparel range of wool types
there would be three distinet products, each faeing a different level of competition for cotton
and synthetie fibres,

Previous studies on substitution between wool and syntheties have been concerned with fibre
produets a1 virious stages of processing.  Wool, eotton and syntheties only beeome
substitutes or complements within the apparel market onee the natural fibres have been
processed to the yarn stage. Measures of processing perfonnance are more comparable at the
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yurn stuge due to the uniform filire specl fication for such yarns, Thus, the yarm or retuil stuge
of production Is suggested to be a sultable Jevel at which to teasure the degree of substitution
between fibres, Quiggin (1981) supports this argument by suggesting that wool processing
up to the yurn stuge s churacterised by resource fixhty, due to wool spacific machinery,
Beyond the yurn stage processing muchinery and marketing chunnels may be used for other
fibires,

Substitution between varlous grades of wool and synthetic fibres I generally betieved to be
price driven, Henee, the main demand shifter for o eerinin eutegory of wool will be its closest
substitute micron cutegory or synthetie fibre, The Tactors tesponsible for the price varintion
hetween tibres seems to differ depending upon the stage in the processing ehinin at which the
study was condueted and the period over which prices change, The studies summiorised
below reflect these points,

Quiggin (1I8T) has distinguished three major sources of risk und instabitity in the price of
wool, The first of these sources inehuded, supply instability resulting from elimatie
gonditions or input costs. Seeond, instability in demand 1or wool textiles, due to the price of
syntheties, or gengral economie conditions in mujor consumer countries. Finally, instability
which arises from fluctuations in exchange rates, Flietuations in final demand and exchange
rates were found to be the major sourees of price instability within Quiggin's study,

Watson and Parish (1982) also claim that demand ugtaations are the major souree of
instability in wool prices. Fluctuntions in wool prices were asserted 1o have three major
effeets on the wool industry which inelude:

1. there were the effects of varable prices on the elficieney of
produetion and the welfure of growers;

2. stubiliry in the Australion econamy as i whole wils
regarded as valnerable 1 extreme Muetuntions in its mujor
export indusiry;

3t is argueed that wool's competitive position vis-a-vis synthetic
fibres was jeopardised by the greater price risks involved in handling wool (p331),

These industry problems resulting fron demand varlubility were used ns justifieation for
establishing the AWC RPS. "The fist und third prive effeets remain of congern 10 Austrlin
wool producers. However, the second effeet of prive instability on the Australion economy
hits become less significant sinee wool Is no Jonger » mujor sousee of export earings,
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Veldhuizen und Richurdson (1983) studfed price competition between wool nnd syntheties ot
the yarn stage in Jopan, Germany and Roly, A significant conelusion within thag study was
tha. wool prices in both nbsolute and relative terms significantly influenced consumption of
wool inench of the three countries exmmined, A further conelusion of the swidy was that, the
differential between wool and synthetle prices Is the most important fugtor in identifying
economie substitution possibilities,

Watkins (1987) found that demand variability was the muojor enuse of price varintion, The
linear model used by Watking examined the significanee of price us o funetion of exchunge
rtes, income, synthetie fibre price, mill consumption and quantity traded,  Vaoriability in
exchange rates and mill consumption were found to be o relatlvely unimportant souree of
detmand variability, Aliernmively, varintion in the price of syntheties was found to be an
important eause of demand varfability,

Pigpott (1987) examined sttistival evidence on sources of market instabiliy for six grades of
waal including four combing and two carding eategories to determine whether demand was
the primary sourve of instability in the Australian wool market during the 1960's, The results
of thist study indicate, for medium and goarse combing wools the direct supply contribution tw
price varianee exceeded the direet denmand contribution. Alternatively, for superfine and fine
combing wonls the direet demand effvet exveded the diveet supply effeet. Tn general the
demand effect was Found to be more destabilising than supply although the demand effect
wits often small.

Ball, Beare and Harris (19897 also examined substitution at the yarn stage (o detenming the
significance of tme lags berween real price tises and changes in the demand for apparel wool.
Ball, eral used pdynamic wans-log derived demand system of gquations rather than single
cquation techniques used by Veldhuizen and Richardson. The resulis of their study suggest
that in the short run there is minimal price induced substitution. However, they argue that
sueh substitution may take plave in the long rus,

Shortand Beare (1990) anadysed substitution between wool, cotton and synthetie fibres ag the
retail level, Their study foeused upon the retail level sinee they elain that the raw fibwe level
was inapproprinte when there were distortions such as tarilfs fn retall markets for apparel
The model used by Short and Beare is estimated wsing the valug shares of expemditure in
different end uses as o funetion of prices in alternative end uses within o pooled model
strugture. "Ihe own-price elusticity estimates for wool from the model were generally price
elustie, The cross-price elusticities were generally high, However, the degree of fibre
substitution was believed 1o be imperfie,



1.8, Summary

From the background {nformation presented one may begin to understand the complexities
that & sheep breeder must take it neeount when planning breeding strategles 5o as to
maximise ingome aver i period of three 10 five sensons. Faetors that need to be considered
are the technieal constraings of producing a different geade of wool and the length of delays In
ehanging wool types. Consumes tstes and the foeus of International marketdng sirategies
pre varinbles which are inherently diffieult to mensure for forecusting purposes.
Alternatively, price trends and the relative prices between vardous wool grades and synthetie
fibres may provide o measured by which to foreenst demand for different wool grades over
the next five seasons, The dati i model strueture are outlined below, Model validation
tests, results and thelr implication to sheep breesers are then presented.

2. Model Specification and Data

An econometrle approaeh is used within this stuily to identify price trend faetors geross
micron egtegories. ‘The econometrie model utilises o dam pooling teehnique previously used
by Simmons (19803, Dewbre, eral (1986) and Ball er.al (1989) among others, The pooled
data model is use to investigate the hypothesis that, the price trend coetficients for the fine
anc medinm micron eategories are not 10 per eent greater then the price trend coefficients for
broged mieron waools.

Within the present stdy, seven migron eategaries of wool ringing from 19 w25, for eneh of
15 uverage annual price observations, were pooled 1o produce the dependent variable dat
series. The cross-section or esplanatery variable data included o quuntity variable for each
mieron eategory, an intercept coeflicient and u slope coefficient. The general form of the
veonomic relntionship between the price and quantity of wool s given by the expression:

Pef(QDDQ) (h

Where P represents price, € representing guantity, 1 §s mieron count and 1DQ is an Internetion
lerm,

3. Assumptions

Prices and quantities are assumed 1o be detenmined recursively, "That is, prive is determined
by the quantity supplied within a partdeular season which Is pssumed o be inelustic with
respeet to eurrent prices due 1o the twelve month eyele of wool produgtion, Producers are
assumed 1o hase thelr annual wool supply for the following season nlmost entively on the



price regeived fnihe previons year, o uetlon prices for the surrens period are nssumed to he n
function of three factors, According b vHindy nod Huang (1992), these include;

1, vardnttons in future supplies as determined by endowment
and technology;

2, varintions in demand for future consumption aa determined
by preferences for consumption at different times wnd in
different states; and

3, evolution of information nbout future events (p 781),

Henee, when wool buyers set their masimum price they should tnke Into aecount, stoeks of
wool held by other buyers and processors, the amount of wool availuble for sule now, and
wool whieh fs yer to be sold in futwre peniods, Furthermore, the seeond price determinant
implies that the prive of wool in each micron eategory is defermined not only by the quantity
supplied of the micron eategary wool in different time puriods but, also by the quantities
supplied of ather pueron wools and the relative price of synthetie fibre substitmes, To
include all of these variables In one aggregate equition model would lead w multicollinearity
among the quantity varables. This in wen may lead o misleading resulis, The problem hus
been partly overcome through the use of the dat poaling weehnique. The dummy variable
model strueture sllows prives to be determined for each micron eategory without eausing a
large degree of multicollingarity (Mindyek [V88).

For this study the possibiliny of substitution of similar micron wool from ather countries
such as South Atrien has been disreparded owing o the fact that data on individual micron
eitegories for that country are not readily available Dt for imernatonal stoeks of raw and
semi progessed wool are wlso disregarded For similar reasons, These assumptions are not
expected to bins the results of this study sigmficantly singe Australinn wool production is
relatively Inrge compared 1o the wool production nnd stock holding cupaelties of foreign
countries. Davidson, MacAulay and Kaine-Jones (1988) assessed whether demand for woul
from any other major producing countries had an impact on the Australian market, South
African wool prices were ineluded within their study to represent foreign wool prices, The
results of their study indicated that prices for South African wool were insignificant in the
combing wenol demand equation.

All prices were deflated 1o 199192 prives using the consumer price index (CP1, Deflating
all prices by the CPI negates the need 1o include n price index such as the CPLas o separate
explanatory variable, 'This conversion was deemed necessary sinee it wis assumed thit
consumers respond to reul rather than nominal prices.

)



The affects of exchange rates on wool priees were controlled for by multiplying the real price
vartable by the Trade Weighted Index (TW1 of the Australion dollar, This TWI ineludes the
five mujor eurrencles mnd thel respeetive welghts, These welghts were ns follows, Jupanese
yen (25.09 per eant), U8, dotlar (19,57 per cent), UK pound sterting (5,68 per cent), New
Zenland dollar (5,27 per cent and West German mark (5,15 per cent) (ABARE 1991),

The fnverse demand model, or price equations for each of the seven mieron eategorles are
assumed 1o be linear aeross the varfabies, A linear functional form was seleeted for this
study due to the simplicity of sueh models, The exuminution of intereeps and slope
parameters neross the micron entegories can be more ensily interpreted from the Hinear
specifiention rather than non-linenr forms, Previous studies of the Australian wool market
have indiented that there is Hitle virtation in the resolis from Bnear and nonelinens funetional
forms (Campbell eral 1980,

The use of annual dati over woe periad 1977-91 provides the best possible homogeneous time
periodt for this stoty. the deeision w limit the period of the sidy was based upon three
factors, The fivst was that prior 1o 1976-77 synthetie fibres were golng through o period of
rapid development. During this tme, early synthete fibres such as rayon were being
replaced by more technologically advaneed fibres sueh as polyester,  Second, the
establishment of the RPS may have induced substantial struetural ehange within the industry
during its infamt years, Third, the end of the RPS in June of 1991 may hnve tlso contributed
to straetural change within the industry. Heace, these periods have been eliminated from the
study.

The econometrie version of the model is explicit about the model purameters and the
retationships within the pooled dna. ‘The double summition sign indicates that each variable
is summeed for eaeh micron category and for cach year, "This relationship is shown in
mnemonie notation as Tollows:

&'.‘l 5? Q} }pl *‘p ‘:p Dy X “9 p 2
. Pip s o 2 e Xkt + & D Di+ 2 & TR Xikt + & Pl +uip ()
& it ! el k Aiki Ml it ig?.k?;l it Mkt i;;]&l it ]+ Uit

wheres s 1= n, number of micron entegories of wool
ke 1« m, number of exogenous viirinhles
ts= |« 15, aniunl observations

The dependent varinble P denotes price, X denotes exogenous varinbles, Pr.] denotes lnpged
prices and s o random error varluble which ineludes unexpliined varintion, The individun!
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error components are nssumed to be uncorrelated with ench other and not nutocorrelated
feross elither timeeserles, or cross«sectionnl dawg, The prenmeters to be estimoted are o, b,
dy Land g D s o zero-one variahle whieh allows for changes in the priee varinble and
between micron entegories, Hence, 1 equals one for n specific micron category aver the
range of 1 yenrs and Is equal to zero elsewhere,

This model strneture enubles o direet comparison of the estimuted intereept and slope
coefficients b and 1 ncross the range of six micron categories, More importantly, it allows
one to determine whether o souree of vivinton aeross mieron eategories is conngeted with
either the Intereept, the slope or both, Pooled datn models have wo benefits over single
equation models. Pirst, only u single regrosston Is required wather than one for engh micron
enptegory. Second, pooled daty inerenses the degrees of freedom whieh in tm increnses the
preeision of the estimnted parameters, The limbtation of vsing pooled duin is tha, the
coefficients attnehed tw the dunimy varinbles must slways be interpreied in relation to the base
group, in this ease the 19 mieran eategory (Cujarati 1988),

3.1 WModel variables

3,1.1 Price

The priee duta used within this madel were derived ns an anounl avernge of weekly prices
which appear in the AWC Annual Price Summary, Bmust be noted that these are market
indieator prices for their respective micron epegories, The market indieator price for o
partienlur micron eategory is u weighied avernge of severnl wool types which vary in style,
length, elean yield, vegetable matter ond ¢olour (D'Arey 1981), Prices were not available in
this form for wools finer than 19 microns. Fibres less than 19 mierons represent less than
theee per cent of the ttal Australian elip and nre not considered within this study (AWC b,
1991),

Waol sold at auetion represents between 80 and 90 per eent of the total wool sold in Australia
(AWC 0.1991), The remuinder of the elip Is sold by private treaty merehanis particularly in
Western Australin,  Price datn for these wouols are not readily available, however, the
merchant prive Is assumed to be the same as the nuetion priee after ullowing for approprinte
diseounts in handling and transport eharges,

3.1.2 Ql(((i)!l‘ty

The quantity datn for this study were derived from o welghted avernge of first hand wool sold
ot aetion by micron gride (AWC b, 1991), multiptied by the totnl wool recelved by brokers
for eaeh wool selling season (NNC.W.S.B.A1991), The Tirst hand grensy waool sold at
nuetion data does not inehude plucked and deud wool ar wool previously bought at auetion to
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avoid double eounting (AWC b.1991), Wool reccived by brokers dats were not nvailable for
individunl mieron categories. This dutn is preferred to wool sold nt auetion data to control for
miarket distortions caused by RPS purchases of quantities nvailable lor sule,

The volume meusure for wool was ealeninted from the number of farm bales produeed
annuglly and espressed in tonnes, This process involved multiplylng the number of bules by
annual average bale weights nnd dividing the resalt by o 1000, This dotn transformation was
necessary to have all varinbles expressed In tonnes,

3.1.3 Intercept coefficlents

The intercept dummy variables ure used to exumine the average difference in price between
each micron eategory and the price of the 19 micron Indientor nfter taking average differences
in prices arising tfrom differences In the other exogenous varinbles into account, A
comparison of these intercepts shows whether price premiums are paid for voz.ous micron
grades.

3.5.4  Slope coefficienis

The inelusion of o slope dummy varinble sllows one to determine the change in the interaction
between price and quantity over different microa categories in relation to the base micron
calegory,

315 Lagged Price

The Ingged real price variable was ineluded within the model to measure the significance of
past prices in forming the eurrent periad price. The logged price Is thought to be  significant
variable since the stock holding capacity of buyers und provessors means that it Is unlikely
that these consumer groups will respond completely to prie changes within the period in
which they oceur (Dewbre, Viastuin and Ridley 1986). Furthermore, six to eight nionths
lags are a common fenture in the wool processing indusiry henee, processors must base a
large porton of their price expeetations on the price paid in the previous yea,

3,2 Other Varlables
The final model includes polyester prices and o tme trend, The economie reasons for
including these two additional variables are outline below,

3.2.1  Polyester

The demnnd effects of substitues nnd complements nre relatively diffieult to measure (Tomek
and Robinson 1987). Por the textile mucket, cotton and synthetie fibres share approximutely
94 per cent of the total market, henee wool prices are not expeeted to influenee the price or
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quantity of these two textiles, However, the relative price of these two products may be
expected to influence demand for wool. For the present study the supply and price of
syntheties ts assumed to be predetermined,

The type 54, 1.5 denier Dugron from the United States Depurtment of Agriculture (WSDA)
Cotton ard Wool Situation, was use to represent price data for synthetic filives, The measure
of price and quantity for polyester was changed from US cents per pound to Australinn cents
per kilogram, ’

Cotton was initinlly included within this study as a substitute since o number of studies found
that cotton and wool were weukly correlnted substitutes,  Cotton was found ot to be a
significant variable in this study in preliminary tests. Traditionally, the majority of cotton end
uses are not the same is for apparel wools slthough more recently both wool and cotton end-
uses have become inereasingly similar. Nevertheless, over the period of the study the end-
uses for these two products are assumed to be dissimilar. Thus the cotton variable was
excluded fram further examination,

Rayon was excluded as a substitute variable within the model for three reasons, First, rayon
hats @ Tow price relutive 1 most grades of apparel wool and polyester. Second, tayon has
been superseded by polyester fibres for o signifieant period of the study. Third, rayon has
recently been used more as u blemding produet or as complement to all other fibres rather than
o substitute and its contribution to the mede! seemed doubtful (Ball, Beare and Harris 1989),

3,22 Time Trend Variable

The specification of a trend coeffivient relies upon the assumption that u past trend will
eontinue in the near future, The strength of this assumption relies upon the number of annual
observations from which the trend coefficient s derived, In this study the price variable is
assumed to increase in constant absolute amounts in each time period. This Implies that
consumer tstes, preferences, technology or income have chunged in a continuous and
regular fushion over the 15 yeur period. Clearly, if this is not true then one or more of these
factors must have changed over time, Realistically, more than one of these factors may nlier
over time however, the major difficully lies in determining exaetly which of these factors
have contributed to any varistion in the trend and the magnitude of that change. Tt may also
be true that a ehinge in one variable may be offset by an equul and opposite ¢hange in a
seeond variable, thus the trend may remain constant. However, this is unlikely given the
length of the time series,



The coelficients within the theorerical model deseribed above are estimated using ordinary
Jenst squares, Model validation tests and estimation results are now presented,

4, PResults

4.1 Model testing

The results of the econonsetric model are presented wnd diseussed with n view 1o rejeeting or
necepting the null bypothesis of this study, That is, the coetficients for the 19, 20, and 21
micron wools prices are not 10 per cent grenter than the same coefficlents for the 22, 23, 24
and 25 micion eategories,

A sammary of the model statisties including the varinble coefficients, associmed 1-values and
stundard errors, the Resyuare, adjusted R-square, log of the likelihood funetion (ML), F-
values, Durbin-Watson values and the number of degree of freedom for three model
specifications are ilustrated in Appendix 1. The first model Hlustrates the estimation results
for a base model. "This model is shown as (2) in the previous chapier,

The second model specilication inchudes the polyester price variable, added o modet 1, The
third model speeilcation includes the time trend variable which has been further ndded to
model 2 Individual time trends Tor each of the seven micron eategories were lner
independently added to model 2. These individual trends are important to determine whether
or not the various micron grade prices have changed significantly over the 15 year period of
the study. Results for these individual trend variables are presented below. Throughout the
following discussion the full time trend refers 1o o (1 x k) veetor which includes the time
trend for eash micron eategory stacked within one variable. Individual time trends are (1 x n)
veetors for each micron category presented as separate variables.

The coeffigient on the quantity variable has the correet sign and u significant t-vitlue, with o
small standard error in ol equations. Likewise the coelficient on the lagged price variable
also has the correet sign, significant t-value, low standard error and its magnitude Indieates
that the madel is dynamically stable.

‘The method of maximum likelihood (ML) is used to estimate the unknown parameters in such
i manner that the probability of observing the given parameters are as high as possible. High
ML, vailues are consistent with normally distributed data, The ML estimator of the varinnee
does not take into account the number of degrees of freedom available for the model, wherens
the OLS estimator does, Flenge, the ML estimator is bius in small sumples but this bins tends
toward zero in large samples, ‘The log of the likelihood funetion is ealeulated and reported
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within the standard output from the "Shazam” program, These ML values are summarised
for each model in Appendix 1, Within this study the ML test is used to determine whether or
not the addition of one or more variables to & model will improve the maximum value, The
ML test is condugted in o similar way to the standard Ftest, The ML values for both the
unrestricted model (UML) und the restricted model (RML) are derlved by estimating the
regression with and without the new varigble,

The addition of the polyester varinble to the first model was found to be significant ax the five
percent level sinee the ML statistie = 15,148 Is greater than MLo,o5 with df 1,= 6314, The
caellicient for polyester was positive ns expected however the tvalue was not significant,
The t statistic = 1.2+ is not greater than 10,05 with df 88 = 2,00, Alternatively the Ftest was
highly significant, ¥ statistic = 13973 is greater than F,05 wite df 1, 90 = 3,95,

The ML value for the addition of the time trend was also found to be significant, The
coefficient for the full time wend was negative. Onee again the tvalue way not significant,
However, the F-test was highly significant which todicates that the addition of the trend
vainble to the model is worthwhile,

The wddition of the polyester variable und the full time trend inereused both the R2 und
adjusted R2 in each model. In model 3 the ML tests for these two variables were positive bt
their tevalues were nol significant. Nevertheless, both the Fetests were highly significant.
Henee, from these results one may conelude that model 3 is the preferred model. The
complete specification for molel 3 is shiown below:

n nom t nom n

LPipoe ow s+ BN dg Xike o+ 20 Dig o+ 2 X Iy Kike+ X glie1 ¢

4 Pt = im’kl e di Xiky & 1 Pit & k%ll it Rikt 2 BPi-1
n A
L ETicw & pSit +uir (3)
i=] il

where; i | «n, number of micron caregories of wool
ke 1 m, number of exogenous varinbles
te o 15, nnnunl observations

and where P s price, X = quantity, P = lngged prices, T« full time wend, 8§ = Polyester
(synthetie) und u is o random ervor variuble. The parameters to be estmated are 1, by d, 1,
g f and po D08 a zero-ong varlable. A summary of the results for this model specifieation
is presented below for convenlence,



Table 1
Summary of Model Results,

R2&075  AdR2=071 ML=s617031  DWe193 De=02
RHO = 0,02 JarquesBura = 337,24 with 2 df

4.2 WModal analysis

Having necepted the thivd specitieation as being the preferred maodel further tests of model
spegification are now presented. Although, the R? for the model is close to 0,75, this docs
not neeessarily gusrintee that there is not a better funetonal form for this mexdel,

The Ramsey Reset tests ingicates thut the model could have been better speeitied either by
choosing an aliernmtive funetional form or aliernatvely adding o further explinatory varinble,
All three of the power estimates have significant Fostaristies or the five per cent level,
Although this result indieates that there is seope for improvement in this model the test tself
does not provide any indieation of the uppropriate transformation proeedure 1o reetify the
probleo. 1 the mesded sirueture wers changed in favour of @ polynamial functional form then
further problems may arise. In polynoniial regressions the variables tend 1o be highly
eorrelates thus model speeification is tadedooff against onttigolinearity.  An undirected
search for an alternatise functional form er an additional var able may lesd to specifiention
bins. Hence, the model speeilication was retiined.

The "Runs or Geary tost, st basie test for semal eorrelation or (sotocorrelation). ‘The test
result clearly indieates that muocorrelation is not n prablem for this model, e, Runs = 1,079
which lies in the five per cent interval of plus or minus 196, When o lagged dependent
variuble is ineluded within the model as an e planarory variable it can lead to autoeorrelation
among the error terms. Standard tests Tor snoeorrelation miy be biased as test statisties
under these eireumstanees (Gujurati 19883, The Durbin Hestatistie (D-F) may eireumvent
the problem by using estimated r values 1o necount for bias,  This test confirms thit
amocorrelation is not a problem in the present model. The Durbin-3 staistic Is given by the
following equation:

Dedle (1o DW/2 )

D-11 = 0.260 which lies betveen plus or minus L8, thus one may conclude that D s
usympiotically normally distibuted with zero menn and unit vaviance, The Jargue-Bera st
for normality olso confirms the previous finding of normally distributed residuals, The
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“Goldfiel-Quundt” test Tndicates thar there i no hetreseedusticity, "That s, the variunces nrg

statistically different from one nnother, Finally, the sequentiel "Chow" test indieates that
there has been no structural ehunge over the sample period,

Multicollinearity between two or more explanatory variables Is measured In degrees, rather
than either its presence or absence, The two distinguishing features of multieollingarity ave
thitt the R2 value s high, while many tvalues are Tow or insignificant and the pairwise
correlunion coefficient between two variables is in exeess off 08 (Gujurati 1988), The
suggestiont is that multienllinenrity between the full time iwend and the polyesier variable may
be excessively high The R2 value for this model 5 0.75, and there are only six out of
sixtesn variables which have significant tvalues. Also, the correlation mutrix of copfficients
for model 3, revealed that the time trend and the polyester variables were positively
correlited. The corelation coelTicient was 0.794, Although this correlation value is close to
0.8, it is not considered 1o be excessively high. However, the relatively high correlation does
Bave: some influence on the muodel results,

When the polvester variable we s removed from model 3, this eaused the time trend coefficient
to become significant and its -value inerensed to «3.64. Shnilarly v model 2 the polyester
varahle was significant withor tthe full tme trend. Furthermore, the standard errors for each
varable decreased when the sevomsd vawinble wis removed, this is also a sign that eollinearity
is presesnt within the moded (Pindyeh und Rubinfeld 1988, This analysis suggests that the ¢
vitlues for both varmbles are binsed downwand.

The treatment for collinearity is to remove one of the offending variables on the assumption
that the model woull be equatly well estimated with only one of the eollinear variobles. For
this model the removal of either the time trend of the palyester varinble is not a viable
aliernative, singe both variables are assumed to be essential 1o the wodel, Providing that the
collingar variables are identified and the interpretation of the mode! results ke aceount of
this, then the conetusions for the model should remam valid (Gujarai 1988),

An esploratory test of the correlution between the individnal time trends and the full time
trend was condueted 1o determine whieh of the Individual time trends were more significant
contributors (o the correlution in the full time trend. "The results of this analysis Indieated that
the 21 micron trend was & minor comributor and the 24 and 25 micron weids were the majur
contributors to this correlation,
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4.3 Analysis of the time twﬂds
Tndividunt time trend varlables were substituted i place of the f uu time trend fn model 3 to
test the null hypothesis for this study, "The results ure presented tn Table 2, The fndividuat
trend coeffiients were positive for eiel of the fine micron eategories nnd negatlve for each of
the medinm and course eategories, "The mugnitude and direction of these tenl price wends
coefticients are consistent with the dingrarmmaticnl trends Hustrated within Figure 3 i the
woal price section in pare 1,

Table 2
Time trend cocfficients

Micron Coeflicients iy Standard Error Fevilugs
4 9.8 1.465 6,689 4.379
20 1,605 0211 7,578 0,071
3 4,933 (1,541 9,119 0,572
ke 2882 (364 7910 0.285
23 1750 (L 108 7.102 0,000
21 8,564 1.856 (.508 1,508
25 8,109 <1417 6.467 4.0180

R SR AT € L B s R R i RS S AR S e KR S

The t-statisties indieate that the individual trend factors aeross eaeh micton category ure not
sttistically significant over time, However, the Fovalues are significant at the 5 per cent level
for bath the 19 and 25 migron entegorien. But, nelther are significant av the 1 per eent level,
This result could be  funetion of the collinearity problem identified above,

4.4 Hypothesis result

The majority of the trend coefTicients are not significant either with respeet to tvalues or the
Fevalues, Henee, the null hypothesis of the study must be neeepted. That is, the price trend
coeflivients for the 19, 20 and 21 miieron woeds are not 10 per eent greater than the trend
coefficients for the 22, 23, 24 tnd 25 micron wools,

Hence, one may conelude Tor the 20, 21, 22, 23 and 24 micron eategories that tend faetors
have been constant over g, | luwwm this conelusion s not true for the 19 and 25 micron
eategories, Trend factors sueh as consumer tastes, prefergnees, income or technology have
had o positive influence on the price for 19 micron woals, Alternatively, these sume factors
hove hind a negative influence on the price of 28 micron wools. This result may explain why
the supply distribution has shifted toward the fine end of the disiribution, Having neeepted
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the null hypothesis, the focus of the mudy snow 10 dmrmhm the intereepts and slopes for
the demand eurve of ench micron entegory.

4,5 Intercept and slope coomclents

Tha intereept and slope coelficients now become the foeus of this study. These ire shown In
Table 3 below. The dunmy variable model stracture hus been used 10 estimate the Infercept
and stope coefficients for the 20, 21, 22, 23, 24, und 25 micron eategories, The 19 micron
category intereept and slope variables are used ns.a base, "The intercept coefficient for the 19
micron categoty is given by tie constunt term and the slope coefficient is given by the
quantity variable,

Table 8
Intercept and  Slope  Coefficients
Micron Imercepts Std-error Slopes Stdeerror
19 Base 479,30 113,18 £.0014 0.0007
20 6117 73.98 0.0010 0.0010
Al -58.31 88.54 0.0007 00007
b 12887 110,88 0.0011 (.0009
23 195,82 03.84 0.0014 0.0009
4 24709 105,39 0.0019 0.0015
25 220,56 00.44 0.0009 (L0023

A AT ORI R R T G

The estimated intereept and slope coelficients must be analysed with respeet to the base 19
micron category. The follawing example is provided to illusirate the intereept values for the
20 micron coelficient. "The base intercept is 479,30, and the 20 micron Iiereept is - 67,17,
thus, 479,30 - 67.17 = 412,13, Therefore, the netual intereept for 20 micron wool is
approximately 412 cents per kilogram, ‘The estimated intereepts and slopes for each mieran
cutegory are ustrnted dipgrammatically in Figure 4,

The coefficient values for the intereept variables differ greatly In magnitude, Only the t-
virlues for the base 19 and the 23, 24 nnd 25 micron variables are significant, Several mieron
Intereepts uppear in reverse order to tht expeeted  For example, the 21 micron intereept Is
greater than the 20 micron intercept. Likesvise, the 28 micron inters ptis greater than the 24
micron intereept, Furthermore, the slope eoefficient Tor the 24 1 eron eategory is positive,
which is the opposite 1o thit expeeted,
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The Intereept coefficients for the 20, 21 und 22 micron entegories do not huve significant t-
values, Thie faet that the interoepls Tor these wools are not stgnificant sugaests that the prives
for these wools are not statistieally different from the price for the 19 micron eategory,
Figure 4, shows thet the Intercepts for the various micron cutegories are ditferent to the 19
mieron intereept, However, the 20, 21, 22 Intereepts are not sigoifiennt since the standard
error of the 19 mieron fnfereept overlaps the coefTicients of these other micron catogories,

The slope ol eaeh of the seven micron entegories are also shown dingrammatieally in Bigure
4, With the exgeption of the 19 mieron eategory, nong of the slope eoelfictents have
significant tvalues. Although the majority of the slope coefficients appenr different from one
another in Tigure 4, the error pround the 19 mieron coefficient is large relative 1o the
remaining stope coetficients, hence these varinbles ave nov signifieant,

The above diseussion of the fntercept and stope coelficients leads to several fmportant
conelusions about the price strueture for eneh micron eptegory, First, there Is n significant
differene b the real price intercepts between the fine micron eategory snd the eoarse migron
groups.  Sceomd, only the slope voefficlent for the 19 mieron wool was found to be
significantly different from the other eategories, Henee, the prive-quantity rado should be
onstant over time for the other mieron groups. More speeifie information regarding slope
variation between micron groups ean be derived from price tlexibilities,

4.6 Price flexibllities

A price flesiility voelficient shows the percentage ehange I tie price of wool assoeiated
with g one per cent change m quantity with all other faetors held constant, The mean price
elastivity is, in some eases, appraximated by the reciproeal of the flexibility. The price
flexibility coefficient is complicated within this study, sinee the price of syntheties and o
lngged dependent virlable are included in the madel as explunstory varinbles, Tomek and
Robinson (1987) elaim that

"I the cross elleets are zera, then the reciprogal of the fexibility 1s 4 good
approximation of the  elasticity"(po7).

As previously mentioned the coelTicient for polyester wis found to be significant for this
study thus, the cross effeets will pot be zero, Hene, the reeiprocal of the prive flexibitity
coelfigient may not be un gpproprintg indieator of the lower limit of the priee elasticity of
demand, Price flexibilities were derived using the following formula:



r= (B h

Where {10 micron enegorbas and € and T are the respeetive awn price elasticites,
The elastieity eoetficients ure simply estimuted us, Fj s e The price flexibilities and

elnstieities derived for each micron entegory s - below listed in Table 4,

Table 4,
Flexibility and Elasticlty Coefticlonts

SRR PNAABBUTRRERNDORFBIBARRBAB P IR PR RFEHRDERI R GERR R R DR ERREAP PRI RR AR VR DS H RN R 3 HERGR AR . &

Mieron Flexibilitis Blasticltles
19 - 0,050 « 20,135
20 - (L0442 o 23,804
21 « (0,128 - 7,783
2 - (L0060 16,773
23 = (010 104,504
24 + 0083 +18.782
25 -0.030 - 32,031

The above own price elastieities for demand are Jarger than the mojority of published own
prive clasticities. Beare uid Meshios (1990), estimated u range of own price elasticities using
mean vihues, "Their results sanged (rom - 102 for the 19 mieron eategory to ~2,00 for the 25
micron entegory. Dewbre er.al (1984) suggest that the demand for Australinn wool les in the
range 0,6 to -0.8, Similarly, O'Donnelt (1992) Tound that -0.5 was an approprinte estimate
of the raw wool demand elasticity. These elasticity results suggest that the derived reeiprocul
of the price flexibility is not a good approximation of the own priee elustielties when
compared to aliernative studies,

The price flexibilities shown in tble 4 are Tess than one in absoluie value thus, prices would
be inflexible with o one per cent ehange in guantity, Inflesible prices are consisient with an
elastie demand corve, From the resu..s above ong may conclude that the demand for wool
neross migron prades is retadvely elastie. The demand for 21 and 22 mieron grdes being
relmlvely less elastie thun the other micron grades of wool,



47 General Conclusions

The vesults of this stucy indiente thae the full tme trend was significant and negative, The
individunl trends for the mujority of sppurel wools nre elther negative or constant over thme,
Exploratory tests indieated that the 24 and 25 mieron entogories are the major contributors to
this overall negutive trend, The 19 micron Indientor was found o be posiiive und sigaificant
over time,

The polyester price wis believed 1o be collinear with the full thne trend, The positive
nssoeiution between polyester prices und wonl prices was found to be significant, However
the degree of nssoctation between these prices is belleved to be distorted by the medium to
high degree of collinenrity within the model,

‘The hypothests of this study was neeepted on the grounds thar the mijorlty of price trends
were not signifieant therefore one ecald not determine whether the trends were sttstivally
different over time,

The inereept and stope variables elenrly indieuted that prices for conrse wools were
significantly different to prices for fine wools, However, the coelficients of medium wools
were insignificant and were found to be Jess elastic than other grades of wools. The genernl
conelusion is that fing wool prices have been inerensing, medium wool prices are constant
and brond wool prives nre decrensing over thme,

5, Implications for Sheep Breeders

The price received by wool producers during the 199192 season Favoured those produeers
turgeting either 22 or 23 micron wool types as seen in ‘Table 5 below. Produgers trgeting 19
and 20 mieron types were enming approsimarely “Ive dollars per head less than medium wool
praducers,

ABARE ARG 1992 has foreenste wool produetion 1o full by approsimutely tvo per eent
during the current 1992:93 season, "The largest full in wool praduetion Is expeeted within the
pastoral zones of New South Wales, South Australin und Queenshoad which supplies wool
within the medium and strong mieron prades,



Table 5
1991.92 Gross Wool RMH]‘!‘)S by Micrmx (rade

LELE Wt o o o ERERRAS L]

Mieron Clean Price(n Cleun Wugm(b) (f}mss Rcturna
e/kg Kgs/ead $/hmd
19 801 2.5 "»'() 02
2() 081 2.8 19.06
21 630) 3.6 22.68
:.32 588 4.2 24.70
23 544 i3 23,30
24 507 4.5 22.8)
25 478 4.5 21,581

L N T P e vy L2 e L2 » " he »

Source: (1) ABARE O8I 1992 ps0, (b Cottle 1991 pso

Waonl incomes have been estimated using the denved demand Mexibilities for the 199293
season assiming that wool produetion falls by only one per cent during the season, Table
five below shows that the middle mieron grades remain relatively more profitable thun either
of the fine wool grades. With o two per cent deerease in supply of middle micron grades the
prive of these wools would be expected to inerense even further. However, the large volums
of medium and strong wool which must be sold fram the woul stock pile is expeeted 1o
reduee these prices to levels below fing wool priees for at least the next two to three sensons.

Table 6
Kstimated 1‘)9 93 Gross Wouol Rolm*ns by Mieron Grade

WHDBBNS BN L R Y e s D R Y T e T L T T

M,wmn (1’3lwn Prm.(n Clean ng,ln(h) Gross Returns
e/kg lxg,,x/lw.ld $/head
19 841 2.5 21,02
20 700 2.8 19,85
21 710 3.0 25.50
22 623 4,2 20,10
23 549 4.3 23.60
24 480 4.5 21.60
25 492 4.5 22.14

Sonreer (n) Estimated using 1991-92 prices and devived flexibility eacfTicients, (b) Cottle
1901 ps6

" he AWC is obligated 1o the Austealinn Government 1o repay funds borrowed to support the
wool stockpile over the next five seasons, This repayment sehedule §s presented in Table 7



below. The AWC must schedule repayments und prepare pronsotion strstegies to maximise
returns to both wool producers ind the Government during this time,

Table 7
The AWRC debt reduction schedule

P e T Y e ey Y N T T P T R P Ty e e

Season Minimum Repayment $m
199192 20
1992-03 300
199394 400
1994.95 550
1995.960 550
1996.97 Any remuining debt

B L L R T L R T L P » » -

Source: Beare, Fisher and SutelilT (1991) p9,

This repayment sehedule requires substantind funding during the third, fourth and fifth
seasons, The obvious souree of repayment being the receipts from the disposal of stockplled
wools, The IWS has abiered it marketing foeus o inerease demand for medium and strong
wool types so that market prices are not driven to extremely low levels. A suecessful IWS
marketing campaign would inereise demand for these wool types without ereating excessive
demund which may lead 1o unrealistic high prices.

Prices for fine wools will not be greatly affected by the stoek pile netivities sinee it hes been
established that medium and coarse wools are not elose substitutes for fine vwols, Also, the
stock pile does not eontain o large volume of sound fine wool. Hence fing wool prices
should remain relatively stable until such time as the world economy has been revimlised.

The threat from synthetie fibres has declined with the fall in wool prices and the espeetation
that they may remain Jow for several seasons, The ratio of wool prices to synthetie fibre
prices wis approximately 2.5:1 in 1991.92, The ratio Is espeeted to full to 2,2:1 during the
eurrent season (AWC 1992). This will be the lowest price ratio since the 197273 season.
Fine wool producers may stand 1o loose market share from new "mierofibres” which emulate
several pusitive characteristics of natural fibre., These fibres are presently highly priced
against fine wool however they may pose i threat in the near future, Cotton prices have fallen
to beeome very competitive against medium and conrse wools within the casunl wear raarket,
This muy further depress prices for these wools over the next two sensons,



6. Conclusion

The atm of this study was to [dentify and quantify price trends for apparel wool types anst to
use these wrensis as o basis for providing foreensts of demand for fine, medium and conrse
apparel wool types, Price trends were unalysed but they were not found 1o be significantly
different when grouped into the fine and mediume-strong eategories. The derived prive trend
coefficients did not fully conenr with 'a priori’ expectations in that many of the middle micron
trend coelTicients were not statistically significant, Only the trends for 19 and the 25 micron
categories were found to be signiticuntly different, Henee, the results of the price trend
analtysis would not prove to be relinble for foreensting purposes,

The null hypothesis of this study was aceepted sinee there was insufficient evidence to
suggest statistienlly that the price trend coefficients for the collective fine and conrse wools
were different from one another. Nevertheless, both ends of the waol spectrum did have
significant prive trends and the intereept coefficients Tor broad wool prices were also found 1o
be significant.

Price trends for the 19 and 25 micron eategories were found to be signifieant, The reason
why other five micron eategories were not significantly different may be that these other
wools are elose substitutes, or the collinearity problens between the polyester variable and the
time trend was more signifieant than tests indieated or alternatively that the model was mise
specified. The large standard ervors Tound for the non-signifieant micron categories tends o
suggest that these wools are indeed substitutes. This confirms similar findings by Beare and
Meshios (1989) that middle micron wools are elose substitutes, The faet that 19 and 25
micron demand intereepts were Tfound to be significant suggests that those wools are not
substitutes. The announced ehange in AWC poliey toward increased promotion of middle
micron wonls was expected to ineregse demand for medium wools until sueh time as the
AWC wool stock pile is sold. However, the inerense in demand is expected to be absorbed
by wool released from the stockpile. Other Indientors of wrends suggest that consumer
preferences and technology may remain in favour of finer wool types.

From this study conrse wool producers would be ndvised to switeh toward producing middie
micron wools since demand for coarse wool is declining, ‘These produeers should aim to
minimise the average fibre diameter of their elips where possible, allowing for environmental
constraints,  Those produgers constrnined to producing middle micron wools nuly see
demuand for their produet rise over the next five o six seasons, However, once the AWC
stoekpile bas be sold the expectntion is that promotion may again foeus upon high quality,
high priced finer wools, Thus, long run produgtion intentfons should eontinue to be direeted
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ot producing both finer wool types and wools which huve lower standard deviations in
average fibre dinmeter. Fine woal producers wauld be advised to maintin the direetion for
fine wool praduction and continue 10 strive for quality rather thin guantity,



MODEL 1
VARIABLE  CONSTANT
Coelficient 454,620
Std-error 74,051
Bvilue 6,188

VARIABLE
Coefficient
Std-error
tvirlug

Dot
0.000
0,001
0,265

R-SQUARE
aRSOUARE

0.711
0.666

MODEL 2
GONSTANT
367.830
73.104
5.082

VARIABLE
Coelficient
Std-grror
tyvaloe

VARIABLE
Coelffivient
Std-error
Evitlue

DN
0.001
0.001
0.925

R-SOUARE
AR SOUARE

0.760
0.708

MODEL 3
CONS, ANT
479.080
113,160
4.233

VARIABLE
Cogflicient
Sul-grror
tvilue

VARIABLE
Coelficient
Std<grror
tvitlug

pot
0.001
0.001
0968

VARIABLE
Coeflicient
Stderror
f=vijue

TIME
+7.2560
5.647
-1.284

R-SQUARE
aR-SQUARE

0.756
0,710

ary

0,008

0,001

plov]
0.000
0,001
0.560

Qmy
-0.002
0.001
-3.366

DQ2
0.001
0.001
1.008

Qry
0.001
0.001
-2.041

pae
0.001
0.001
0.936

b1
46,714
72,814

0.682

pa3
0.001
0.001
1.420

D1
-42.607
71,701
-0.683

Da3
0.001
0.001
1.636

D1
67,170
73.980
-0.908

DO3
0.0
0.001
1.218

APPENDIX. |

D2

82,110
1,286

DQ4
0.001

ML
pw

D2
21572

84.100

DQ4
0.002
6.001
1.830

ML
bw

D2
-58.318
88.640
-0.669

DQ4
0.001
0.001
1.419

ML
bw

D3
14,095
112,860

plel]
0.002
0.002
0.913

626,680
2,166

p3
108,720
110.270
-0.096

pOs
0.002
0.002
1.316

-G18.106
1,945

03
128.870
110.880
162

bos
0.002
0.002
1.222

617131

D4
+90,645
96,084

pQs
0,000
0.002
0,089

D4
-186.120
04.182
-2.082

DO
0.001
0.002
0,345

D4
-1946.820
93.841
-2.087

DQB
0.001
0.002
0.426

149,470

LAG-PRICE
0.085

Valuo
Dag-Fran

DG
240580
106,660
2277

LAG-PRICE
0.464
0.087
5,385

F-Valug
Deg-Fres

D5
-247.090
106,300
2.3456

LAG-PRICE
0.467
0.087
§.382

F-Valug
Dog-Free

D
95,275

104

D6

POLY
70.733
19.032

3.717

17.810
104

D8
90.447
2,439

POLY
31,238
1.844

16.922
104
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