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Introduction

The intemational wool industry is complex. wmmwmmwwmm
wbmitmthwpmwhw%umfmwﬂmwwmmmmbdw onsumers. In
mmmmmmmmmmmwmmm

To date mos« rescarch into wool trade has been centred cither on demand for the unprocessed
product (for example, Simmons et al. 1987), or supply of the sure product on an individual
country basis. Work by Casland (1977) is somewhat an exception in that he studied the wool

Given this background of little rescarch into worlkd trade ia wool and woollen products, the
purpose of this peper is 10 provide an outline of a model that will allow analysis of the structars of
processing and trade in the international wool industry and the consequences of changes in this
structure for the Australian wool industry, Such a model will permit asscssment of the impacts
that changes in specific parts of the iniernational wool industry may have on the rest of the
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wmm(wsnmsm(wmmmmmm i ormulation and solution of
a standard spatial equilibsium problen:. Subooguestly, “‘Nmymmélw (m& md Wm
formulated the spatial equilibrium probiem s 3 quadrstic progrecaming madel and used the Wolfe
(1959) simp!exnwmadwnbuia mﬁmfmﬁ%m:mfﬁweu mﬂumww

xwwmmdmmmmmm MWatwﬂcmuﬁ:
this paper can be highlighted using ¥ simple two region, single commodity diagrasam :
infigure 1. mmmmwuﬁmmmammmﬁmammmx
difference between the supply and demand functions of that reglon. Since supplies from that
region can only he sold to region 2 afier transportation, the sccondary excess supply function
(ESy#p ) is derived by adding transportation costs to ES;. An identical procedure is used to
derive the excess demand functions for region 2,

Equilibrium in this model is achieved where the primary excess demand function for region 2
equals the derived excess supply function for region 1. This results in the equilibrium traded
quantity (xj2), where the primary excess supply function for region 1 equals the dorived excess
demand function for region 2 (ED, - 15 ). Equilibriom price levels that relate so cacs peimary
function of the two regions in this trade section then determine the levels of domestic supply (x,
and x,) and demand quantities (y, and y,) in regions 1 and 2. Tt can be shown that equilibrinm
rolutions in the above model are obtained where a function representing the area between the
excess demand and supply functions is at maximum. Additional conditions associated with this
that the price differential between them is less than or equal to the transfer costs (t12). Tisisthe
mathematical version of the spatial medel displayed in figure 1.
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Figure 1. Representation of a simplified two region spatial equilibrivm model of trade in a
ﬁh%mcmmﬁty.

Three aspects of the standard spatial model are of primary interest in thic paper. First is the
principle of homogeneity. Basic 1o the model is the assumption that the commodity being traded
between the regions is homogensous in the sense that the commodity from any one region is 2
perfect substitute for the commodity from any ether region in the model. In other wonds, the
clasticity of substitution between the produce of any two regions is enc. Even in mulii-
commodity formulations, for example Takayama and Judge (1971), the assumption of
homogeneity is strictly maintained as no trade is allowed between commodities.

Secondly, the 'law of one price' is assumed between trading regions. This principle is
represented by the arbitrage conditions in the mathematical model, which require the price
differsniial between the importing reglon and the exporting region to be no more than the unit
transfer costs between the two regioas,

A third aspzct of interest is the Jrection of trade. Any pair of regions in the standard spatial
model cannot simultaneously expori the same commodity 10 each other. In Enke's (1951} electric
analogue, '... by reversing the usual but artificial electrical convention that current flows from
high to low voltages ...', this aspect was modelled as a restriction on the current (snalogous to
commoditics) to flow only from low 1o high volinges (prices),

It is argued in this paper that these three assumptions of the standard model are unsuitable o
represent the nature of the international trade in wool. Bearing in mind that this poper is aimed at
providing 2n outline of a model for the intenational wool industry, the emphusis given in the
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The model of the internationsl wool industry is based on the following approach. Woolken
cmditicsmscﬁmdmﬂwwm:mimmmaf processing at which significant
international trading occurs. Greasy wool is considered s a primary commodity from whicl
scoured wool is then produced. This is processed into wool stiver, which is further used to
produce wool yarn. Wool yam is then processed into either wool fabrics, wool carpets or hand-
kniting yarn. Wool fabrics are used w produce cither woollen wovenwear, woollen knitwear or
woollea blankets, mmmm;oerimmﬁmmmmﬁmw
yam processing stage onwards. For this reason blended woollen come Rre BSEUIH
'woouen if they contain at least 50 per cent wool. ngimwnsidmdncnwin roduction
and trade for purposes of the model are Australia, Nocw Zealand, South Africa, Ar tim,
Uruguay, the United States, Japan, the Soviet Union, China, the United Kingdom, West
Germany, Italy, France, Belgium and the rest of the world.

Quasi-homogeneity

Each of the woollen commodities just defined is not internationally homogeneous. For example,
greasy wool from South Africa is not a perfect substitute for New Zealand greasy wool.
Generally, the coarser fibre from New Zealand is suited for carpet manufacture while finer South
African 'combing’ wool is useful for high grade apparel like suitings (D'Arcy, 1986). Angel,
Beare and Zwart (1989) showed that fibee length, dismeter and vegetable content account for most
of the variation in greasy wool prices within Australis and New Zealand. These characteristic
differences feed through to higher levels of processing, compounded with blending and design
differences between firms in different countries. As a result, for 8 commodity like wool yam
which is commonly traded internationally, the differences in characteristics of aggregate
production from different countries make such commeoditics quasi-homogeneous. This point of
view is in line with Armington's (1969) theory of demand for products distinguished by place of
production. He argued that the assumption of merchandise supplied by different countries being
perfect substitutes in international trade would appear to be neither realistic nov attractive
theoretically, For the purposes of the model it will suffice to formally define a quasi-
homogencous commodity as one including varieties which are scemingly similar but are imperfect
substitutes, with a less than unitary elasticity of substitution between any pair of them.
Econometric results from the on-going rescarch show that different suppliers (of say greasy wool)



face different clasticities of demand in the same (world) market, which is sufficient to support the
maintaired hypothesis of imperfect substitutability,

Arbitrage conditions

For trade in a non-homogeneous good it does not scem reasonabile to impose the law of one price
simply because regional average price differentials are not entirely dependent on transfer costs.
Quasi-homogeneous goods provide 'slightly' differeat lovels of utility satisfaction o ﬁw
consumer, hence an Tialian woollen suit may coraraand a different price from that of an equivalent
English suit even within the same market, For example, according to statistics on ﬂ;wmtvalues,
for traded items in 1987, the average unit £.0.b. value for wool yam in the United Kingdom was
A$13,592 and the corresponding c.if. values for France and Italy were A$18,982 and A$6,616
respectively, Although the United Kingdom exports wocl yam to both France and Italy, it is
unlikely that such price differentials can be simply sccounted for by transfer costs. It should also
be noted that trade flows from a higher priced region (United Kingdom) 1o a lower priced regios
(Ttaly) does not conform to the arbitrage conditions outlined earlier, Asamsulmf&llﬂlis.thaonly
requirement relating o arbitrage conditions in quasi-hcmogeneous commodity modelling is that &
mﬂupm&iﬁmnﬁfmdnmxﬁmmswmgmm to another be equal o transfer
costs, Under these conditions, supplies from a given region have different supply prices.

Direction of trade

Continuing with the above example, even though the United Kingdom exported 440 tonnes of
wool yarn to France and 700 tonnes of wool yamn to Italy in 1987, France and Italy also exported
1,432 and 557 tonnes respectively of wool yam to the United Kingdom. This of course is made
possible by the fact that wool yarns from these countries have different compositions of woollen
and worsted yarns, spun from different qualities of top and carded sliver, Such cases of
simultaneous trading in the defined commodities between pairs of countries are common in the
international wool industry (see forthcoming Wool Research Reports).

Statistics that have been compiled on the international wool industry also reveal two more aspects
that are useful in formulating an appropriate spatial model for the industry, These are the
rclatively fixed nature of 'the input-output mlaﬁons’hips in wool processing when measured in

mmdium



Fixed technical coefficients

The validity of the assumption of fixed technical relstionships between woollen inputs and outputs
was tested by Carland (1977) in his study of the leamw wool industry. Such an assumption
means that for a given country the amount of a woollen input, say wool yarn, that is required per
unit of output, say of woollen fabric, is a constant established over & number of years. Sucha
parameter could be significantly changed by major changes in industrial textile design and
technology, However, for a particular country this could be expected o change over a number of
years rather than at a rapid rate, This assumption has been validated econometrically for all stages
of wool processing in different countries,

Constant supply distribution slares

Export shares were calculated for the trade flows in wool and woollen products between & number
of countrics (see forthcoming Wool Research Reports for details), For each vroollen commodity
produced by a given country, production was split into export and domestic consumption
components. The ratio of each of these components to total production was then calculated.
These ratios were found to be fairly constant for the years 1980 to 1988, Similarly, the export
distribution shares were calculatzd as a ruo of exports to a designated destination divided by total
exports. These calculations were done for cach commeodity in each producing country over the
1980 - 87 period. These shares were also found to be surprisingly constant over the period,
exceptions being export shares to the Soviet Union and China and for trade flows where the
average value of such shares was less than 1 per cent. A graphical example is presented in Figure
2.

The criterion used in assessing these shares was the coefficient of variation (the ratio of standard
deviation to the mean). Tha value for the coefficient of variation which turned out to be generally
well under 0.5. In fact, where large export shares were involved (say around 10 per cent), the
coefficient of variation was very small, generally under 0.2. This indicates very stable export
shares, Studies in internationa! trade which are based on trade shares measured as exports to a
particular country as a share of total supplies suggest that such shares are related to relative prices,
For example, Blandford (1988) reported relative prices to be a significant determinant of export
shares for agricultural exports from the United States when using quarierly data, but this
relationship disappeared when using annual data. The central point is that, although the analysis
is of a different type of share (different from those commonly used in trade share models), it is
possible that export distribution shares are dependent upon relative prices, However, the
observed lack of variation in annual relative prices for internationally traded wool could be the
reason for the stability of the calculated export shares. In any case, for purposes of the current
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Figure 2. Percentage distributions of Austrulia’s greasy wool exports (1980-88)

modelling effort, it seems reasonsble to assume that annual output of a defined woollen
commodity of a given country is distributed in constant proportions among the buying countries.

Given the above five special characteristics of the internationsl wool industry, an attempt will be
made in the remainder of this paper to formulate ~ 1 appropriate spatial equilibrium model that
incorporates a suitable set of assumptions,

A Spatial Model for Quasi-homogenecus Commodities

In its mathematical form, a net revenue formulation of a standard spatial equilibrium model
consists of the following: an objective function expressed as the sum of all the demand revenues
less the sum of all supply costs and transpostation costs and a set of constraints, which require
that the demand and supply equations be satisfied and a set of arbitrage conditions that require that
spatial price differentials are less than or equal to the transfer costs, The essential modification for
the quasi-homogeneous commodity case where the supply is quasi-homogeneous and fixed
export supply shares are observed is to break a regions supply down in export supply functions.
Assuming that the coefficients of the supply function which applies to the whols of regions supply
also apply to the trade shares then the export supply functions can be derived by weighting the
overall supply function by the trade share weights. Thus, if the supply function for region i is




() x; =06;+Tipl

where x; is the supply quantity for region i, and pi is the supply price for region i, and 6 and ¥
are intercept and slope parameters then the export supply function for the flow from region i to
region j, xij, will be

@ x5 =wi(0; + Vi pyp)

where wij; is the export share for the trade flow between regions i and j including the flow from
the domestic supply to the domestic deraand and p;j is the price for the particular commodity
quality supplied from region i to meet region j's demand. The export shares for a given region
should sum to 1.0,

The demand function for a particular region i may be defined as
3 vi =o-Bipi »

where y; is the quantity demanded in region i, p; is the demand price for region i and o and B;
and intercept and slope coefiicients for the linear demand relationship,

The relevant vectors and matrices of coefficients are defined below where the tjj represent the
transfer costs between regions i and j, x; is the supply quantity in region i, yj is the demand
quantity in region i, xjj is the quantity shipped from region i to region j, p; is the non-negative
demand price in region i, pl is the non-negative supply price for the quantity supplied as a share
of supply xj from region i to region j and o is the supply distribution share of supply x; shipped
from region i toregion j.
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(n2 x n2)

The basic structure of the net social revenue formulation of the spatial problem has been outlined
by Takayama and Judge (1971), In the formulation of the export share model outlined below it
has been assumed that the problem is a 'regular’ problem in which the irregular cases of negative
supply and demand prices or negative demand or supply quantities can be assumed not to occur
(for details see Takayama and Judge 1971). This assumption merely simplifies the algebra and
reduces the problem sizz but has no impact on the general nature of the problem.

The maximisation problem for the quasi-homogeneous spatial equilibrium model is expressed as
Pronlem 1,

Problem 1: Find (py' p%' X') 2 0' that maximizes

v ' g o ‘B ’GY | py
(4) Z = (Py PX x) 'wG'ye + ~(I®I’)W 1 PX
-T Gy I L X

subject to

o -B ~Gy Py
) Lweye|*|  -0eDW I || py|SO
-T 1 LGy I L x

6 and (pypx' X)20

The abjective function for this problem consists of the revenue from the consumption of the good
in each region less the supply costs less the transfer costs. This objective function is then
subjected to the constraints that the demand functions must be satisfied, the n2 x n? share
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weighted surply furctions must be satisfied and the spatial pricing conditions satisfied. These
constraints can be written as follows: ‘

M a-Bpy - GyX <0,

and for each of the trade flows between regions i and j
(8 ;0 - oYipl + x5380,

@ pi-pisy.

The essential difference between the standard spatial equilibrium model and the trade share model
is that there is a specified supply function for each specific trade flow,

The existence of an optimal solution to this problems depends on the nroblem being a well
behaved convex programming problem. As Takayama and Judge (1971) have shown, the
standard model is well-behaved and since only linear constraints have been added in this model
the same will hold true in this case also. The first order conditions for a optimum solution to the
problem can be obtained by differentiating the Lagrangian function ¢ for Problem 1 with respect
to es<h of the solution variables. These conditions must hold at the optimal solution values for the
primal and dual variables.

The Lagrangian function is:

] ' 1 o ’B .Gy- py
10) &= (py'Px' X) 9l wgye|* | -asDW 1 || px
-T Gy - X

M « -B -Gy1[ oy |
| A2 q|-waye|t | -GRDW 1 i1 oy e
A3 -T 1 LGy X




(13 @ Dyzo,

where P is the vecior of primal variables and D the vector of dual variables or Lagr

P = (pypx' X}
D = (A1k223) .

A special propersy of this class of problem is thax 8t the optiosem P =D which follows from the
special skew-symmerric nature of the square matrices shown in equation (11). Mwmm
optitmun the value of the primal pert of the objective fusction equals the desl part 5o that the

The first-order conditions indicated by equations (11) and (12) caa be given a market
intespretation. The D veewor can be interpresed w8 the shadow values oo the sct of constraints with
3.1wthmmﬂmmmhammmmwmmmmhum vecsor of
i gional flows or shipricmts. At the optimuny this set will masch the sey P of primal varisbles.

12
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trade would ocour and the supply functon would hold ae sa equalivy.

Also, the srbimage conditions in equation (11} require that when a teade flow is non-pegative thet
the arbitrage condition “nust hold &3 s equality, uummmmmmwi bitrage
conditions mey be satisficd as an inequality,

A Sampie Problem

To illustraie the olution of the model, & small sample problem is used. Ammmm
mwmmmmmmy Qualitatively, the commadity produced by
a given region is scemingly similar but & kmperfect substituse mmmsmmm
itis a quasi-homogencous product.

Supply of the commaodity in cach rigion is represeated by & lincar fncticn as follows:
Xy=-1 +16p!
Xp=- 124 692
Xym- 154 5#3
Each region is faced by a linesr demand function as follows:
Y= 80 - 209

ya= 40 - 13p,
y_pﬁ é0 - mﬂp}

13
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‘Transfer costs between regions are as follows:

‘n_‘: fud Q nuﬂ A n»u )
B =2 by =0 gy =1
3y =2 43 =1 t =0

matrix structure { . Teble 1, Notice that the signs in the objective function (cquation (1)) are

The optimal solution for the sample problem is presenied in Teble 2.

Two outstanding departures from the solutions of the standard sputial model can be noticed from
Table 2. These are that the two wry flows of the commodity betweea u pair of regions is
indicated and that the prices differ for supply from the same supplying region. These price
differences reflect the fact that a different quality of product can be purchased from a given region
and that these different qualities ure desermined according 1 the requirements of the demanding
region. The demanding resion is assumed to purchase a given quality mix from the particular
supplying region.

Also apparent from the solution in Table 2 is the observation that for each shipment path the

demand price is cqual 10+ : supply price plus transfer cost (the arbitrage conditions are satisfied
for each trade flow and can be satisfied in both directions).

14
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Table 1 Tableau for Constant Export Share Model
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Table 2. Solution for Constant Export Share Model

OBJECTIVE TOTAL = L * TINEAR (PX) mmmrm {X*0X)
0.00 - 1.00 # ~1385,89 + 1385.89

op2 4.52 ROP2 4 52

SEX11 12.97 RPX1L 12;97

sPx21 10.97 RX21 10,97
sex22 452 REX22 4.52

SPX32 3.52 RPK3I2 ' 3.52
SPX3: \

X121 a7 RA11 2.7
x12 12.37 2 12,37
x13 25,73 RX13 25.73
%21 6.70 nx21 6,70
X22 11.32 RX22 11.32
%23 13.06 RX23 13.06
¥31 5.64 RX31 5,64
X32 9.54 RX32 9,54
X33 10.91 RX33 10,91

Concluding Remark

In the paper, a spatial mnode! for trade in quasi-homogencous commeodities has been specified as a
quadratic mathematical programming problem. A simplified ssmple problem was formulated and
solved using RAND-QP (Cutler and Pass, 1971), a quadratic programming package. Asina
standard net social revenue spatial equilibrium model, the optimal solution to the primal-dual
problem: has been shown to give a zero value for the objective function,

This quasi-homogencous problem is readily expandsd to take into account the transformation of a
raw material to a processed product using constant transformation cozfficients and following the
sctivity analysis formulation of Takayama and Judge (1971). In this way the problem of the
analysis of the wool processing sector can readily be included in such a model provided that
estimates can be made of the transformation coefficients and the cost of processing. Where there
is considerable uncertainty about these data sensitivity analysis can be carried out.

16



In gn international trade context exchange rates are important. The quasi-homogeneous
commodity version of the spatisl equilibrium model is readily adapted to include exchange rates
(MacAulay 1978), as well as, tariffs (both fixed or ad valorem), quantitative restrictions and a
vaﬁcty of other pozicy inmxm:m Funher if it were necessary to use non-linear demand,

¢ incorporated and solved (if a solution exists) using
2 mnhnw :o!vcr such a8 MINQS (’l‘nknyama nnd Mscl&uhy 1990). Following this nonlincar
approach it would also seem 1o be possible to develop formulations which would incorporate
dependence of the market shares on the endogenously determined prices. Issues of the mmncc
and uniqueness of solution may, however, then need to be considered on a case by case basis. A
further adaption of the model which may be sppropriate in some instances is the combination of
trade shares for some regions as the detexmingnts of the trade flows with competitive
determination of flows for other regions. As well, there would seem to be no reason why the
model would not function equally well with import trade shares as fixed rather than the export
shares &s outlined in this paper.

17
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