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Abstract 

This paper presents the theoretical and numerical structure of WOOLGEM – a general 
equilibrium model of the world wool market which treats raw wool, wool textiles 
and wool garments as heterogeneous commodities.  The model divides the world 
wool market into nine geographical regions and production in each region amongst 
eight major industrial sectors, seven of which represent different production stages 
for wool and one representing the nonwool economy.  The wool industrial sectors 
cover the full spectrum of activities from the production of greasy wool to wool 
garments.  We use WOOLGEM to quantify the effects on Australian wool producers’ 
welfare of industry levies used to fund research and development at different stages 
of the wool chain.   
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1 Introduction 

The importance of the wool industry – as a share of production and employment – 
in the economies of the world’s largest producers of wool has been declining since 
the advent of industrialisation (Bell 1970).  Despite this trend, the traditional 
dominance in production and exporting of a few producers has not dissipated; in 
2001 three countries alone – Australia, New Zealand and China – produced over 
half the world’s volume of greasy wool, while two of these regions – Australia and 
New Zealand – accounted for nearly three-quarters of the world’s volume of raw 
wool exports.1  However, wool passes through a multistage production system 
before it is finally consumed by households in the form of wool garments, and the 
regional pattern of output and exports at the primary end of the world wool market 
is not indicative of the pattern of production and exports at the different production 
stages.  Thus, at the spinning (or yarn) and manufacturing stages the use of wool is 
concentrated in Western European countries (particularly Italy and the United 
Kingdom) and the Far East (particularly China).  At the retail stage Germany and 
France, as well as Italy and the United Kingdom, are important Western European 
consumers of wool, and Japan, as well as China, is an important Far East consumer 
of wool (TWC 2002).  This diverse regional pattern of output and trade in raw 
wool,2 wool textiles3 and wool garments, necessitates a comprehensive framework 
to analyse changes in any part of the world wool market; comprehensive in terms of 
covering all the major producers and exporters of raw wool, wool textiles and wool 
garments, and also in representing the multistage nature of the production system 
through which wool passes.   

There exist a number of previous examples of partial equilibrium wool models: see 
Mullen et al. (1989); Connolly (1992); Tulpule et al. (1992); and Layman (1999).4  
These studies have concentrated on modelling apparel wool markets, i.e., wool used 
in the production of wearing apparel, thus excluding wool used in the production of 
carpet.  In this paper all discussion regarding wool refers to apparel wool.  Taken 
individually, the first three studies generally detail either: (i) all the major raw wool, 
wool textile and wool garment producing and consuming regions of the world; (ii) 
all the major stages of production from the sheep farm through to garments; and/or 
(iii) international trade in raw wool, wool textiles and wool garments.  They also 
treat wool as a homogeneous commodity.  The last of these four studies combines 

                                              
1  The data for exports is for 2000. 
2  Raw wool is defined by Connolly (1992), p. ix, as greasy wool, scoured wool, carbonised wool, 

wool top, and noils.  We adopt this definition in this paper.  
3  Wool textiles include wool yarns and fabrics.  
4  Another example is Oczkowski (1997). 
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all of these characteristics into a single analytical framework but treats wool as a 
heterogeneous commodity.   

Modelling wool markets within a partial equilibrium framework implicitly assumes 
that the trade balance for a region can improve or deteriorate without constraint.  
This can be a serious limitation where exports or imports of wool represent a 
significant share of trade for a given region.  Computable general equilibrium 
(CGE) models represent the economy as a complete system of interdependent 
components – industries, households, capital creators, governments, importers and 
exporters (Dixon et al 1992).  A CGE framework allows for the imposition of a 
regional trade balance constraint, thus avoiding the partial equilibrium assumption 
of an unconstrained trade balance.  A further limitation of the partial equilibrium 
approach is the inability to simulate the long run.  In its simplest form, this means 
the inability to appropriately account for capital stock growth in a region due to the 
absence of a cost of capital function representing the behaviour of capital creators.  
This partial equilibrium limitation is also avoided in a CGE framework by the 
explicit inclusion of a capital creating sector.  In sum, a CGE framework is the 
preferred analytical tool for modelling the world wool market.  However, the only 
previous example of a wool CGE model, of which we are aware, is CIE (2002).  But 
this model suffers from the limitation of treating wool as homogeneous commodity.  
In this paper we present WOOLGEM (WOOL General Equilibrium Model); a CGE model 
of the world wool market which (i) treats wool as a heterogeneous commodity, and 
(ii) contains a comprehensive representation of the nonwool economy.   

WOOLGEM divides the world wool market into nine geographical regions, 
representing all of the major raw wool, wool textile and wool garment producing 
and consuming regions of the world.  The model represents the multistage nature of 
production system through which wool passes by modelling all the major stages of 
production from the sheep farm to wool garments, and it does so by treating raw 
wool, wool textiles and wool garments as heterogeneous commodities.  Further, it 
also captures the multistage woollen and worsted production systems which are part 
of the broader multistage wool production system. The broad regional sectors in the 
model include a sheep industry (producing greasy wool and sheep meat), scouring 
industries (of which there are nine), carbonising industries (three), worsted top 
industries (six – producing worsted tops and noils), wool yarn or spinning industries 
(five), wool fabric or weaving industries (six), wool garment industries (twelve) and 
a composite ‘other industries’ sector (producing synthetic textiles and an ‘other 
goods’ composite).  In total, there are 43 individual industrial sectors producing 56 
individual commodities in each of the nine regions.  Thus, the model distinguishes 
387 separate industries and 504 separate commodities in total.  Each region in 
WOOLGEM is linked via international trade in wool and nonwool products, which is 
depicted on a bilateral basis.  Therefore, one of the major contributions of the 
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framework presented here is the inclusion of the following characteristics: (i) all the 
major raw wool, wool textile and wool garment producing and consuming regions 
of the world; (ii) all the major stages of production from the sheep farm through to 
retail garments; (iii) international trade in raw wool, wool textiles and wool 
garments, and nonwool products; (iv) a heterogeneous treatment of wool; and (v) 
the wool economy fully integrated with the nonwool economy; all combined within 
a single analytical framework. 

The model presented here is general equilibrium with a particular industry focus – 
the world wool market.  This framework provides industry analysts and policy 
makers with a sophisticated tool for answering questions like (i) at which 
production stage in the wool pipeline should research and development (R&D), 
funded by producer levies, be directed in order to maximise wool growers’ welfare; 
(ii) what are the likely effects on the world wool market of the increased costs of 
synthetic fibres brought about by the recent increase in world oil prices; and (iii) 
which regions would gain and lose the most from multilateral trade liberalisation in 
raw wool, wool textiles and wool garments?  Here we will use WOOLGEM to try and 
answer the first question. 

The paper proceeds as follows.  Section 2 describes the theoretical structure and 
parameterisation of the model, and how it is closed for short run and long run 
simulations.  Section 3 describes the construction of the model database and the 
nature of its numerical structure.  Section 4 applies the model in analysing the 
relationship between wool growers’ welfare and R&D at different production stages 
in the wool pipeline.  Section 5 contains a discussion of the results as well as 
concluding comments. 

2 Theoretical structure and behavioural parameters 

Model overview 

The WOOLGEM model represents a synthesis of two modelling traditions; (i) the 
partial equilibrium commodity specific approach, and (ii) the CGE approach.   

The partial equilibrium commodity specific approach.  Applying aspects of this 
tradition to wool, the model represents the production of nine qualities of raw wool, 
distinguished by diameter and hauteur (length).  These nine qualities are then 
tracked through five successive processing stages, after which twelve different types 
of wool garments are (largely) consumed by a representative household.5  All of 
                                              
5  A complete listing of commodities and industries appears in appendix A. 
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these activities are represented in nine regions of the world (listed in table 1).  
Production, processing and household demand for raw wool, wool textiles and wool 
garments vary significantly across regions of the world, so that significant trade 
occurs for all classes of products (see table 1 for a summary). 

The CGE approach.  Applying aspects of the second tradition to wool, the model 
contains a comprehensive representation of the nonwool economy, i.e., a 
representation of the economy as a complete system of interdependent components 
– industries, households, investors, governments, importers and exporters (Dixon et 
al 1992).  As such, it completes and complements the commodity specific aspects 
described above, by linking the wool economy in each region with the nonwool 
economy through domestic factor markets, domestic and international markets for 
intermediate inputs, and domestic and international markets for household goods.  
Further, it constrains the behaviour of the wool economy in individual regions to 
assumptions about macroeconomic behaviour, such as a balance of trade constraint, 
and household and government consumption constraints.  All of this is done at 
minimum cost, in terms of industry and commodity detail, by representing nonwool 
industries and commodities as a single composite industry and commodity, 
respectively.    

Figure 1 summarises the industry and commodity structure of the model.  It shows 
the dichotomous nature of the model: a detailed representation of the wool economy 
showing the processing stages through which greasy wool passes on its way to 
becoming wool garments; and a composite representation of the nonwool economy 
which is, nevertheless, fully linked to the wool economy through intermediate 
inputs and demands for factors.  The wool economy is represented as having a 
linear hierarchy where outputs from downstream wool industries are not used as 
inputs by upstream wool industries.  This conforms to the ‘Austrian’ view of 
production.  In contrast, the nonwool economy is represented as having ‘whirlpools’ 
of production and general interdependence between all the industries it represents 
via direct or indirect intermediate input usage, so that the other industries composite 
is a net supplier of the other goods composite.  This conforms to the ‘Leontief’ view 
of production (Blaug 1978, p. 544; Dorfman et al. 1987, p. 205).   
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Table 1 WOOLGEM regions and their characteristics  
Region Major raw wool producer Major wool textile and 

garment user 
Major retail consumer 

1. France   √ 
2. Germany   √ 
3. Italy  √ √ 
4. UK  √ √ 
5. USA    
6. Japan   √ 
7. China √ √ √ 
8. Australia √   
9. ROW √   

A linear equation system 

WOOLGEM can be represented as6  

 Av = 0, (1.1) 

where A is an m×p matrix and v is a vector of percentage changes in all model 
variables.  There are m equilibrium conditions in (1.1) and p variables, some of 
which (e) are exogenous.  The e exogenous variables can be used to shock the 
model to project changes in endogenous variables.  Writing the WOOLGEM equation 
system like (1.1) allows us to avoid finding the explicit forms for the functions 
underlying (1.1), and we can therefore write percentage changes (or changes) in the 
endogenous variables as linear functions of the percentage changes (or changes) in 
the exogenous variables.  To do this, we rearrange (1.1) as 

 A n n + A x x = 0, (1.2) 

where n and x are, respectively, vectors of percentage changes in endogenous and 
exogenous variables.  A n  are A x  are matrices formed by selecting columns of A 
corresponding to n and x.  We can then compute log-differential changes in the 
endogenous variables as  

 n = − A 1
n
−  A x x. (1.3) 

                                              
6  This section draws on Dixon et al. (1982), section 10. 
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Figure 1 The industry and commodity structure of the WOOLGEM model 
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In this way, the many nonlinearities which underlie WOOLGEM are avoided.  
Computing solutions to an economic model using (1.3) and assuming the 
coefficients of the A matrices are constant is the method pioneered by Johansen 
(1960).  However, (1.3) only provides an approximate solution to the endogenous 
variables; for small changes in x the approximation is sufficient but for large 
changes in x the approximation is insufficient.   
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values of N are obtained by successively updating the values of N after the each of 
the i steps is applied.  Once the values of N are updated for any given step, the 
coefficients of the A matrices in (1.3) are recomputed before (1.3) is solved again.  
WOOLGEM is implemented and solved using the multistep procedures available in 
the GEMPACK economic modelling software (Harrison and Pearson 1996). 

Primary factor demands 

Firms in WOOLGEM are assumed to treat all factors of production (land, labour and 
physical capital) as variable, so that they rent their land and physical capital.  Factor 
prices are taken as given by each industry as they attempt to minimise costs.  
Demands for primary factors are modelled using nested production functions 
consisting of two levels which are summarised in figure 2: at the top level, all firms 
decide on their demand for the primary factor composite using Leontief production 
technology; at the second level, firms decide on their demand for individual factors 
of production.  The underlying production technology applied in combining 
individual factors varies by type of industry; the sheep industry applies a CRESH 
(constant ratios of elasticities of substitution, homothetic) production function, 
whereas all other industries apply CES (constant elasticities of substitution) 
production functions.  Both functional forms make demands for individual factors a 
function of demand for the primary factor composite, technical change and relative 
prices:   

 ( )F F F F F F F
ijr jr ijr ir ijr ijr jrqf qf af crsh pf af pcrshσ= + − + − , , ;i r j Sheep∀ = , (1.4) 

 ( )F F F F F F F
ijr jr ijr jr ijr ijr jrqf qf af f pf af pfσ= + − + − , , ;i r j Nonsheep∀ = . (1.5) 

Equations (1.4) and (1.5) are the (percentage change) demand functions for 
individual factors by the Sheep industry and Nonsheep industries, respectively.  
Thus demand for factor i by industry j in region r, is a function of (i) demand for the 
primary factor composite ( )F

jrqf , (ii) factor specific technical change ( )F
ijraf , and 

(iii) and the effective relative price ( )F F F
ijr ijr jrpf af pcrsh+ − , or ( )F F F

ijr ijr jrpf af pf+ − , 

adjusted by the relevant elasticity of substitution, F
ircrshσ  or F

irσ .   
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Figure 2 Input technology for WOOLGEM industries 

 

 

 

 

 

 

 

 

 

 

 

 

We assume CRESH technology for the sheep industry as it allows us to take 
advantage of differences in econometrically estimated values of the elasticities of 
substitution across individual factors.  7The CRESH elasticities in the European 
regions are based on Salhofer (2000), and are set at 0.2 (land), 0.35 (labour) and 
0.25 (capital); the values for Japan, the USA and Australia are based on O'Donnell 
and Woodland (1995), and are set at 0.6 (land), 0.1 (labour) and 0.4 (capital).  The 
CRESH elasticities for China and the ROW (Rest of World) region are set between 
the values chosen for the Australian and European regions for land and labour – 0.4 
and 0.2 – but greater than the values chosen for the Australian and European regions 
for capital – 0.6.  Here we are assuming that, in the absence of econometric 
estimates, land and labour substitutability in China and ROW (both representing 
sheep industries in developing countries) is roughly between that in Australian and 
European sheep industries, whereas capital substitutability in China and ROW is 
greater than in all other sheep industries.  

                                              
7  All parameter values are listed in appendix B. 
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7The CES elasticities of factor substitution for all wool processing industries except 
garment making, in all regions except China and the ROW, are based on 
Ramcharran (2001) and are set at 0.3.  Following the results in Jha et al. (1993), we 
set the CES elasticities for the same set of industries in China and the ROW at half 
those used in other regions (0.15).  The CES elasticities for the garment making 
industries are assumed to be approximately twice those in other wool processing 
industries – 0.3 for China and ROW, 0.6 for all other regions.  This is based on our 
a priori judgement that, in the absence of econometric estimates, high value-added 
industries (like garment making) are more responsive to changes in relative factor 
prices, compared with lower value-added industries (like the raw wool and wool 
textile industries). For the composite other industries sector the CES elasticities are 
based on the conclusions of Duffy and Papageorgiou (2000); thus, we set the values 
at 1.5 for all developed economies, 1 for ROW (representing the general economy 
in a mixture of developed and developing economies) and 0.5 for China.  

Intermediate input demands by firms 

Firms are also assumed to able to vary their intermediate inputs which they use in 
production.  Analogous to the factor markets they face, firms have no control over 
the prices of the intermediate inputs in their attempt to minimise costs.  In 
combining intermediate inputs all firms are assumed to use three nested production 
functions, which are summarised in figure 2.  At level 1, all firms decide on their 
use of the intermediate input composite using Leontief production technology; at 
level 2, firms decide on their use of individual intermediate input composites using 
CES production technology; and at level 3, firms decide on their use of individual 
intermediate inputs from different sources (domestic and foreign) also using CES 
production technology.   

For most wool industries in WOOLGEM there are only two intermediate inputs – 
wool and nonwool – used to produce a very narrowly defined output.  Thus, we 
assume that the technology used to combine these very distinct classes of inputs is 
fixed and unresponsive to changes in relative prices.  For this reason, the CES 
elasticities of substitution between composite intermediate inputs – level 2 – are set 
to zero for most industries.  The exceptions are for the (blended and nonblended) 
wool yarn industries, who combine a range of similar inputs (carbonised wool, 
worsted tops, noils and synthetics) to produce wool yarns.  Here, changes in the 
relative prices of inputs are assumed to lead to changes in the mix of intermediate 
inputs.  7The CES elasticities for carbonised wool, worsted tops and noils in the 
non-European regions, and for carbonised wool and noils in the European regions, 
are taken from Beare and Meshios (1990) and range from 1 to 1.9.  The CES 
elasticities for worsted tops in the European regions and for synthetics in all regions 
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are taken from Swan Consultants (1992) and set at 0.5.  The CES elasticities of 
substitution between imported and domestic goods are discussed later. 

Industry outputs and commodity supplies 

All industries in WOOLGEM are modelled as multiproduct industries and are 
assumed to be price takers in the market for their outputs.  In fact, there are only 
three classes of multiproduct industries in each region: (i) the sheep industry; (ii) the 
six worsted top industries; and (iii) the other industries composite (see figure 1).  As 
price takers, all industries attempt to maximise revenue in determining their mix of 
outputs.  However, the actual outputs producible by each industry are strictly 
limited by the initial data as we assume input-output separability in modelling 
industries and their outputs, so that industries never alter the set of commodities for 
which they are (net) suppliers.  Input-output separability allows the zero pure profits 
condition to be expressed as equating revenues with costs by all firms.  

The sheep industry is assumed to determine its outputs using a CRETH (constant 
ratios of elasticities of transformation, homothetic) production possibilities frontier, 
whereas all other industries determine their outputs using a CET (constant 
elasticities of transformation) production possibilities frontier.  We assume a 
CRETH frontier for the sheep industry as it allows us to take advantage of 
differences in econometrically estimated values of the elasticities of transformation 
across individual outputs, namely, sheep meat and greasy wool.  7The CRETH 
elasticities in all regions are parameterised using estimates from Whipple and 
Menkhaus (1989); a value of -2.83 is used for sheep meat and -1.38 for all types of 
greasy wool.  Following the advice of a wool industry expert,8 the CET elasticity 
for all worsted top industries are set to zero as their output mix (consisting of 
worsted tops and noils) are regarded as invariant to relative prices.  For the other 
industries sector the CET elasticity is set to -2 in all regions.  Thus, we are assuming 
that the output mix (consisting of synthetic textiles and other goods) is somewhat 
responsive to the relative prices of these two goods.  To determine the basic (or 
supply) price of each domestic commodity, we specify a market-clearing condition 
which relates the supplies and demands of domestic commodities to each other.   

Investment demands 

WOOLGEM models investment within each region via a representative (physical) 
capital creator.  This representative agent determines investment via a three stage 
process.  At the top level, the total demand for investment in a region is assumed to 
                                              
8  Stanton, J., Department of Agriculture Western Australia, pers. comm., 31 May 2004. 
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move strictly with total demand for capital in a region.  At the second level, 
individual composite inputs to capital creation are determined using a Leontief 
production function.  At the final level, individual inputs by source (domestic and 
foreign) are determined using a CES production function.  The CES elasticities of 
substitution between imported and domestic goods are discussed later. 

Household and government demands 

Households in WOOLGEM determine demand for their inputs to utility maximisation 
via a four stage procedure, which is summarised in figure 3.  At the top level, 
households determine demand for four broad composite commodities – sheep meat 
(one good), wool garments (three subgroups), synthetic textiles (one good), and 
other goods (one good) – using Theil’s (1980) differential approach to consumption 
theory.  At the second level, households determine demand for the three wool 
garments subgroups – men's wool garments (five goods), women's wool garments 
(five goods), and knitted wool garments (two goods) – also applying the differential 
approach.  Here we assume block independence between these three subgroups so 
that utility derived from each block is assumed to be additive [see Theil and 
Clements (1987)].  At level three, households determine demand for the individual 
composite goods which make up each of the three wool garments subgroups 
applying the differential approach.  At the final level, households determine demand 
for individual goods from different sources (domestic and foreign) using a CES 
utility function.   

Most values of the income elasticity of demand for broad composites are sourced 
from Dimaranan and McDougall (2002) by mapping the relevant commodity groups 
and regions to the broad composite goods consumed by households in WOOLGEM.  
7The resulting values for sheep meat range from 0.17 (Australia) to 1.12 (China); 
the values for wool garments and synthetic textiles range from 0.71 (USA) to 0.92 
(China).  The income elasticities for the other goods composite are determined by 
applying Engel’s aggregation so that the normalised sum (i.e., the budget share-
weighted sum) of all income elasticities equal unity.   
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Figure 3 Input technology for households 
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Clements et al. (1995) under the assumption of preference independence.9  
Homogeneity and symmetry are then imposed on the price elasticities matrix.7  The 
resulting own price elasticities range from -.085 (Australia) to -.56 (China) for 

                                              
9  In calculating the price elasticities the value used for the income flexibility is taken from a 
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sheep meat; from -0.354 (USA) to -0.455 (China) for wool garments and synthetic 
textiles; and from -0.001 (Australia) to -0.009 (China) for other goods.  

The representative government in each region is assumed to consume the same 
commodities as the representative household.  Demand for these commodities by 
source (domestic and foreign) is a fixed share of household consumption.  This 
assumes that governments rely on aggregate household consumption as an index of 
demand by households for the goods and services they provide. 

Trade demands 

Exports in WOOLGEM are distinguished on a bilateral basis.  Exports are further 
distinguished between types, either margin exports or nonmargin exports.  
Nonmargin exports are typical merchandise and services exports, whereas margin 
exports are exports of services which facilitate the export of merchandise and 
services, e.g., transport, communication, insurance and financial services.   

Nonmargin traded commodities are demanded by firms, capital creators, households 
and governments.  These demands relate to individual nonmargin import 
composites; that is, firms, households and governments do not choose between 
individual nonmargin imports from different sources.  The decision on nonmargin 
goods from different sources is made by a representative importer using a CES 
production function.  Margin exports only consist of the other goods composite, and 
these are a fixed proportion of nonmargin exports.   

Following the advice of a wool industry expert,10 the CES elasticities of 
substitution between imports of each type of raw wool from different source 
regions, and between imported and domestic raw wool are set at 20.  The high 
degree of disaggregation of our raw wool data implies a high degree of 
substitutability between a given type of raw wool from different source regions, and 
between a given type of imported and domestic raw wool.  Similarly, we set CES 
elasticities for sheep meat at 20.  Similar to raw wool, we are assuming that our 
product classification implies that sheep meat from different regions is almost 
homogenous.  This is consistent with the approach taken by Tyers and Anderson 
(1989) in modelling seven agricultural product groups, one of which is cattle and 
sheep meat. 

In choosing the CES elasticities for imports of a given type of wool textiles and 
wool garments, we again follow the advice of a wool industry expert, and assume 
high values but lower than those chosen for raw wool.  For wool textiles we choose 

                                              
10  Stanton, J., Department of Agriculture Western Australia, pers. comm., 31 May 2004. 
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values 25 per cent lower than those chosen for raw wool (15), and for wool 
garments we choose values 25 per cent lower than those chosen for wool textiles 
(11.25).  These values are chosen based on the advice that while our commodity 
disaggregation is quite high for these processed commodities, the products produced 
in different regions begin to take on different characteristics, such that they are 
slightly differentiated and a ‘branding’ effect occurs.  These values imply a much 
higher degree of market power for producers of wool textiles and, particularly, wool 
garments, compared with producers of raw wool.  The CES elasticities for imports 
of synthetic textiles are set at half the value assumed for individual wool textiles 
(7.5), as this commodity represents a wide continuum of different forms of synthetic 
textiles from different regions which cannot be regarded as approaching 
homogeneity.  

The CES elasticities for imports of the other goods composite are set at 2.  This 
value is chosen based upon the wide continuum of commodities which this 
composite represents; from highly substitutable agricultural and mineral 
commodities, homogenous and heterogeneous manufactured goods, and cross 
border imports of services which are, in general, not substitutable with 
domestically-produced services.  

Household and government income 

The model contains direct and indirect tax instruments.  Direct taxes are split into 
taxes on labour and nonlabour factors.  As households are assumed to own all 
factors of production, household income consists of total factor income in each 
region after factor specific income taxes have been applied.  Indirect taxes include: 
commodity specific taxes on domestic and imported intermediate inputs to current 
production and investment; factor specific taxes on factor usage by firms; industry 
specific taxes on output by firms; commodity specific taxes on domestic and 
imported household and government consumption; commodity and destination 
specific taxes on exports; and commodity and source specific taxes on imports. 

Interindustry mobility of rented factors 

We assume perfect mobility of labour between industries in each region regardless 
of what is assumed about the behaviour of total employment in a region.  For the 
rented factors of production, land and capital, we allow for interindustry mobility 
within regions in a long run environment.  To accommodate this objective for land, 
we use the following allocation rule specified in percentage-change form, which 
was first applied in Peter et al. (1996):  
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 ( )F F F F F
ijr ir ijr ir ijrph ph q q zphρ− = − + , i Land= . (1.6) 

The left hand side of (1.6) is the ratio of the rental price received by households for 
a unit of land in industry j in region r to the average land rental price received by 
households in a region.  The bracketed term on the right hand side of (1.6) is the 
ratio of land used by industry j in region r to total land usage.  F

ijrzph  is a shift term.  
Letting (the parameter) ρ=1 and setting F

ijrzph  as exogenous, (1.6) enforces a one-to-
one relationship between the price and quantity ratios, where fast-growing (slow-
growing) industries pay a premium (receive a discount) on the land they rent.  
Taking the view that land is a very immobile factor and specific to certain uses, we 
set ρ=10; thus a small increase (decrease) in the use of land by an industry will lead 
to significant increase (decrease) in the rental price paid by the industry, which, in 
turn, will discourage (encourage) a further increase (decrease) in the use of land by 
the industry.   

To allow for interindustry capital mobility within regions we write the following 
(percentage-change) allocation rule; 

 jr r jrr r zr= + . (1.7) 

That is, the post-tax rate of return on (a unit of) capital used by industry j in region 
r, jrr , is indexed to the region wide post-tax rate of return on capital, rr , plus a shift 
variable jrzr , which is initially set equal to 1.  With jrzr  set as exogenous, capital 
moves between industries in a region equalising post tax rate of return on capital.  
Thus, this allocation rule simulates a period of time long enough for all post-tax 
(risk-adjusted) rates of return to return to their initial relativities.  This might be 
thought of as a period of 5 years or more. 

Closing the model 

WOOLGEM contains more equations (p) than variables (m).  Thus, to close the 
model ( )p m−  variables must be set as exogenous, and most of these will have a 
value of zero.  We specify two sets of exogenous variables, one for simulating a 
short run environment and another for simulating a long run environment; these are 
summarised in table 2. 
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Table 2 Exogenous variables and closure swaps in closing WOOLGEM 

Short run closure: exogenous variables Long run closure: closure swaps 
Ratio of industry land usage and regional land usage Endogenise ratio of industry and regional land usage 
Regional land usage Exogenise shift term for land allocation across 

industries 
Industry capital usage Endogenise industry capital usage 
All technical change variables Exogenise shift term for capital allocation across 

industries 
(Change in) the demand for stocks by industry Endogenise regional real wage rate 
All indirect and direct tax rates Exogenise regional labour usage 
Regional real wage Endogenise all income tax rates 
Regional depreciation rate Exogenise ratio of government deficit to GDP 
Region wide post-tax rate of return on capital Endogenise average propensity to consume 
Average propensity to consume Exogenise ratio of the trade balance to GDP 
Global consumer price index (numeraire)  

Short run closure of the model proceeds as follows.  Land and capital are assumed 
to be industry specific and fixed in the short run.  As WOOLGEM cannot project or 
determine technical change we set all technical change variables as exogenous.  
WOOLGEM also contains (changes in) industry stocks as a component of industry 
sales; these are set as exogenous with zero change.  The many tax rates in 
WOOLGEM are also set as exogenous.  As government demands are indexed to 
household demands and all direct and indirect tax rates are exogenous, the 
government deficit is endogenous in the short run.  The regional real wage rate is 
set as exogenous in all regions, which imposes the idea that total employment in 
each region can vary, implicitly through changes in regional unemployment rates.  
At the same time, industry employment is endogenous and labour moves between 
industries in a region so that relative industry prices of labour are maintained.  
Regional depreciation rates are also set as exogenous with zero change.  To achieve 
macroeconomic closure in each region, we fix the average propensity to consume in 
each region so that a household consumption function determines regional 
household consumption.  This fixes savings rates in each region and allows the 
trade balance to be determined in the short run.  The global CPI is also set as 
exogenous thus serving as the numeraire.   

In altering the model closure for simulating the long run, we begin with our short 
run closure and move variables between the lists of exogenous and endogenous 
variables – table 2 lists these changes.  In the long run, industry usage of all primary 
factors are endogenous.  Land is allocated industries using equation (1.6); capital is 
allocated using equation (1.7).  As the region-wide post-tax rates of return on 
capital, rr , already exogenous, this fixes the differences between industry post-tax 
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rates of return on capital, jrr , within each region and forces capital to move 
perfectly between industries within a region.  We set the regional real wage rate as 
endogenous and fix regional labour usage.  This assumes that, in long run, total 
employment in each region is a function of an imperfectly flexible labour market 
where the real wage does not adjust to clear excess demands in the labour market.  
All income tax rates are endogenised and the ratio of the government deficit to GDP 
is fixed.  Thus all income tax rates will adjust to ensure that the government savings 
position remains constant in the long run, reflecting the idea that the government 
savings position is a policy instrument which is exogenous to any given simulation.  
We adjust the macroeconomic closure by endogenising the average propensity to 
consume; this turns off the household consumption function.  At the same time we 
fix the ratio of the trade balance to GDP so that each region must return to its initial 
trading position with the rest of world once the effects of any simulation have 
dissipated.  The last change makes household savings rates endogenous in each 
region (government savings have already been fixed), and forces them to move in a 
way that achieves a fixed trade balance to GDP ratio.  Also note that, given a fixed 
trade balance to GDP ratio, growth in regional capital stocks must be largely 
sourced from domestic savings, as a fixed trade balance to GDP ratio implies a 
fixed net capital outflow (savings minus investment) to GDP ratio. 

3 Data structure 

In constructing the WOOLGEM database we disaggregate a widely used and well-
known database of the world economy, GTAP, which is specified in $US for 1997 
(Dimaranan and McDougall 2002).  This database is comprehensive in its 
representation of the world economy.  Using the GTAP database as our starting point 
and disaggregating the relevant commodities and industries, we create a highly 
disaggregated raw wool, wool textile and wool garment commodities and industries 
structure.  In disaggregating we apply data from Layman (1999), adjusted for 
discrepancies, as supplied by DAWA (2003), on the structure of individual raw 
wool, wool textile and garment commodities and industries in each of the more 
aggregated GTAP commodities and industries.  This is desirable as it retains the 
broad numerical structure of the original GTAP database while capturing the 
numerical structure of the detailed raw wool, wool textile and garment commodities 
and industries in Layman (1999). 

To the disaggregated database we add two forms of tax data: import tariffs on raw 
wool, wool textiles and wool garments; and income tax rates.  Import duties on raw 
wool, wool textiles and wool garments for 1997 are taken from TWC (2003).  
Income tax rates are taken from data applied in Verikios and Hanslow (1999), the 
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calculation of which is described in Hanslow et al. (1999), appendix E.  These tax 
rates reflect labour and nonlabour income taxes for the mid-1990s.   

A complete listing of WOOLGEM commodities and industries is presented in 
appendix A.  Table 4 presents the input-output shares, for the world as a whole, by 
broad inputs and industry.  This allows us to glean the intra-industry linkages in the 
data.  The most obvious feature of the aggregated input-output tables are their 
diagonal nature for the wool processing industries, reflecting a linear hierarchy 
where outputs from downstream processing industries are not used as inputs by 
upstream processing industries.  In contrast, nonwool industries use each other’s 
outputs as intermediate inputs.  Factor usage in these five processing stages follows 
the same pattern as nonwool intermediate input usage, rising to around one-third of 
total costs from an initial share of around 8 per cent.  This pattern is intuitive given 
that we expect value added, as a share total costs, to rise as we move from the 
production of slightly transformed goods, such as scoured wool, to more highly 
transformed goods, such as garments (see AWIL 2005b, pp. 45-46).   

The regional export and import shares by broad commodity are presented in tables 5 
and 6.  Unsurprisingly, Australia is the largest exporter of greasy, scoured and 
carbonised wool.  Exports of worsted tops and noils are dominated by the ROW, 
Australia and France.  Wool yarn and fabric exports are dominated by Germany and 
Italy, whereas wool garment exports are dominated by Italy, China and the ROW.  
Synthetic textile exports are dominated by the ROW and China.  The largest 
importers of greasy wool are the East Asian economies of Japan and China, 
followed by Germany and the ROW.  Scoured wool imports are dominated by 
France, Italy and the ROW.  The continental European regions, France, Germany 
and Italy, are the largest importers of carded and combed wool commodities 
(carbonised wool, worsted tops, and noils).  The ROW, Germany, Italy and China 
are the largest importers of wool yarns and fabrics.  Import shares for wool 
garments are dominated by the largest consumers of garments, that is, the ROW, the 
USA, Germany and Japan.   
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Table 4 Input-output shares, World 
BROAD INDUSTRIES BROAD 

INPUTS Sheep Scoured 
wool 

Carbon 
wool 

Worsted 
tops 

Wool 
yarns 

Wool 
fabrics 

Wool 
garments 

Other 
industries 

Sheep meat       0       0      0      0      0      0      0   0.1 
Greasy wool        0  90.1      0      0      0      0      0      0 
Scoured wool       0       0  83.9 75.0      0      0      0      0 
Carbon wool       0       0      0      0 26.8      0      0      0 
Worsted tops       0       0      0      0 14.7      0      0      0 
Noils       0       0      0      0 12.6      0      0      0 
Wool yarns       0       0      0      0      0  4.3   2.6      0 
Wool fabrics       0       0      0      0      0      0 20.8      0 
Wool garms       0       0      0      0      0      0       0    0.1 
Synth textiles       0       0      0      0    2.5      0       0    0.6 
Other goods  55.0    2.2    4.3    8.2  19.5  28.0   43.7  49.4 
Value added  45.0    7.7  11.8  16.8  23.9  27.8   33.0  49.9 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Table 5 F.o.b. export shares, by broad commodity, and region (%) 
 France Germ Italy UK USA Japan China Aust ROW TOTAL 
Sheep meat 21.7   6.7   0.9 3.9 10.8 0.2   0.4 10.3 45.1 100.0 
Greasy wool       0      0      0    0      0    0   2.0 68.5 29.5 100.0 
Scoured wool      0      0      0 1.8    0.1    0   6.1 56.5 35.5 100.0 
Carbon wool   3.2      0      0 5.8       0    0   3.6 60.6 26.8 100.0 
Worsted tops 19.2   0.2   3.9 1.8    2.0 0.3   2.5 22.1 47.9 100.0 
Noils 13.6   0.2   0.6 0.6    7.5    0   1.4 40.2 36.0 100.0 
Wool yarns   9.7 41.8 18.3 9.1       0    0 11.2      0   9.9 100.0 
Wool fabrics   2.3 16.8 68.7 1.1     1.6 1.9   4.0      0   3.6 100.0 
Wool garms   2.6   4.5 26.7 0.6     2.3 0.7 14.8      0 47.8 100.0 
Synth textiles   4.1   5.3    1.3 1.7     7.4 4.1   9.0    1.1 66.1 100.0 
Other goods   5.5   8.7    4.2 5.4   13.9 8.1   3.7    1.1 49.4 100.0 
All goods   5.5   8.7    4.3 5.3   13.7 7.9   3.8    1.1 49.5 100.0 

Table 6 C.i.f. import shares, by broad commodity, and region (%) 
 France Germ Italy UK USA Japan China Aust ROW TOTAL 
Sheep meat   3.8   1.5 19.3 5.8 21.0   2.9   0.1 1.3 44.3 100.0 
Greasy wool    1.3 12.6   8.2 3.1   9.3 24.8 27.0    0 13.8 100.0 
Scoured wool 30.1   9.6 15.0 2.7 11.2   6.4   4.2    0 20.7 100.0 
Carbon wool   1.1 45.2 48.1 0.1   2.2   0.3   2.3 0.3   0.4 100.0 
Worsted tops 10.9 29.0 48.7 8.6   0.5   0.2   0.5    0   1.7 100.0 
Noils   5.7 11.8 69.6 0.4 10.8   0.2   0.1 1.4      0 100.0 
Wool yarns   1.1   8.9 26.1 0.5   0.5   7.1 13.2 0.2 42.6 100.0 
Wool fabrics   5.1 16.6   9.7 2.0   6.4      0 10.7    0 49.6 100.0 
Wool garms   6.2 12.3   1.1 7.7 27.1   9.5   1.7 1.1 33.2 100.0 
Synth textiles   4.5   7.3   3.2 5.1 12.8   5.4   5.5 1.2 54.8 100.0 
Other goods   4.9   8.1   3.8 5.5 16.0   6.6   3.6 1.2 50.2 100.0 
All goods   4.9   8.1   3.9 5.5 16.0   6.6   3.7 1.2 50.1 100.0 

4 Evaluating wool producer levies 

We apply WOOLGEM to evaluate the benefits to wool producers of R&D, funded by 
producer levies, in all the stages of production through which wool passes.  In 
Australia, these levies amount to two per cent of revenue from sales of greasy wool 
and they are used, among other things, to fund both on- and off-farm R&D (AWIL 
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2005a).  Specifically, we evaluate the impact of a one per cent improvement in the 
productivity of all inputs – intermediate and factors of production – at all stages of 
production.11,12  Thus, we are assuming that the cost of such an improvement is 
equivalent at each production stage.  There are no strong a priori expectations for 
varying this simplifying assumption in favour of cheaper R&D at the farm, 
processing or garment-making stages.  Note that the type of productivity 
improvement we are considering here is one which increases output from a given 
quantity of inputs, or that allows output to be maintained with a reduction in total 
inputs.  This includes improvements in land management, effectiveness of 
fertilisers, animal disease control, and other such improvements.   

The productivity improvements are evaluated under four scenarios which 
manipulate two assumptions: (i) the length of time being evaluated, either the short 
run or the long run; and (ii) the specificity and/or patentability of the research, so 
that research which is nonspecific and/or not patentable is developed in Australia 
but is also fully adopted by foreign firms, whereas research which is specific to 
Australian conditions and/or is patentable is only adopted by Australian producers.   

We are chiefly interested in the welfare of wool growers when R&D is undertaken 
at different production stages.  As such, we choose real producer’s surplus as our 
welfare measure, that is, the producer’s surplus of Australian wool growers deflated 
by the general cost of living index in Australia.  It has been shown that producer’s 
surplus arises from fixed or specific factors of production (Mishan 1968).  Applying 
this concept to WOOLGEM, we are able to measure the change in producer’s surplus 
by direct reference to the percentage change in rents to the fixed factors in a short 
run environment, as follows: 

 ( )2

1
F F

jr ijr ijr ijr ri
qps SPS qf pf ph

=
= + −∑ , ; , ;r i Land Capital j Sheep∀ = = . (1.8) 

Equation (1.8) says that the percentage change in real producer’s surplus in the 
sheep industry in region r is the share-weighted sum of the (post-tax) value of land 
and capital, deflated by the regional consumer price index (CPI).   

                                              
11  We apply input neutral technical change to avoid biasing the results in favour or against any 

particular set of inputs.  
12  An argument can be made for including the imposition of the levy when applying the 

productivity improvements.  However, this would require judgements about the strength of the 
relationship between the value of the levy and the size of resulting productivity improvements at 
different stages.  This presents two problems: (i) such judgements would be arbitrary in the 
present case as there are no studies evaluating these relationships; and (ii) such judgements would 
cloud the results of our simulations by interacting with the effects of research, and we wish to 
focus on the issue of the relationship between benefits to the primary producer and research at 
different stages of production. 
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In the long run all factors of production are variable in WOOLGEM, including land.  
Thus, producer’s surplus does not arise.  Here we revert to the use of real value 
added for sheep industry as our welfare measure; these are returns to all factors of 
production deflated by the cost of living:13   

 ( )3

1
F F

jr ijr ijr ijr ri
qva SVA qf pf ph

=
= + −∑ , , ;i r j Sheep∀ = . (1.9) 

Short run effects on producer welfare  

We use a combination of model algebra and graphs to explain the short run effects 
on a primary producer employing fixed factors of production when on farm research 
is undertaken.  With land and capital fixed in the short run, the right hand side of 
(1.8) collapses to the average price of fixed factors deflated by the CPI. Given that 
the sheep industry is a small share of net output in all regions, we can assume the 
CPI will also be small. Thus, we can largely explain jrqps  ( )j Sheep=  by 
reference to the average price of fixed factors.  

In the short run environment of WOOLGEM, the factor demand equations (1.4) 
determine the price of fixed factors.  Dropping all exogenous variables, substituting 
in the equation determining the primary factor composite ( )F

jrqf  and rearranging 

(1.4) gives  

 
F

jr jrF F
ijr jrF

ir

qf af
pf pcrsh

crshσ

⎡ ⎤+⎣ ⎦= + , ; , ;r i Land Capital j Sheep∀ = = , (1.10) 

where jrqf  and F
jraf  are industry activity levels and Hicks-neutral technical change, 

respectively.  If 1F
jraf = −  (as in our simulation) and all other variables are held 

constant, then F F F
ijr jr irpf af crshσ= ; the price of each fixed factor will fall and this 

effect will be greater the smaller the CRESH elasticity of substitution (i.e., the more 
inelastic the factor demand curve).  At the same time, setting 1F

jraf = −  will also 
cause the price of variable factors to fall.  Letting the change in the prices of all 
factors feed through to the CRESH index of factor costs ( )F

jrpcrsh , the subsequent 

effect will be F F
ijr jrpf pcrsh= .  This second effect will reinforce the first, as we 

expect 0F
jrpcrsh < .   

                                              
13  This is to be distinguished from the volume of factor inputs.  The two concepts are, however, 

closely related. 
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Figure 5 Short run effects of a productivity improvement 

 

 

 

 

 

 

 

 

These two initial effects are reflected graphically in figure 5, which maps demand 
and supply curves in price/quantity space.  With the initial equilibrium in the market 
for fixed factors [panel (a)] at point e1, the area below the price pf1 and to the left of 
the supply curve SF is roughly equivalent to the levels form of equation (1.8).  An 
improvement in the productivity of all inputs will initially cause demand for all 
inputs to fall at existing input prices and this will be subsequently cause primary 
factor and other costs to fall.  The demand curve for fixed factors in panel (a) will 
shift inward from DF1 to DF2, dropping the price from pf1 to pf2; this initial demand 
shift reduces rents to the primary producer.  There will also be a reduction in the 
price of variable (factor and intermediate) inputs but this will not be as great as with 
fixed inputs, as the supply curve for variable inputs will not be vertical.  Both of 
these effects lower the costs of producing the initial output level [qo1 in panel (b)], 
so that the output supply curve SO1 shifts out to SO2.   

Allowing output to change, i.e., 0jrqf ≠ , there is a third and final effect on the 
prices of fixed factors in (1.10), F F

ijr jr irpf qf crshσ= , which will be larger the 
greater is the expansion in output and the more inelastic the factor demand curve.  
This final effect will determine whether producer surplus rises or falls, as the first 
two effects are both negative.  This final effect is demonstrated graphically as the 
producer moving down the output demand curve: if demand is relatively elastic 
(DOe) then output expands by more than if it is relatively inelastic (DOi).  If the 
producer faces a relatively elastic output demand curve like DOe, then the demand 
curve for fixed factors may shift out to DFe from DF2; here rents from fixed factors 
have increased.  However, if the producer faces an output demand curve like DOi, 
then the demand curve for fixed factors may only shift out to DFi, so that rents from 
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fixed factors fall.  In order for the producer to benefit from on farm research, the 
output-expanding effect of the research must be strong enough to shift the demand 
curve for fixed factors to the right of its initial position (DF1), that is, total revenue 
must rise for producers to benefit.  For this to occur, the producer must face elastic 
demand in the neighbourhood of the initial equilibrium for its output.   

There is a possible further effect on producer’s surplus which is not apparent in 
(1.10) or in figure 5; the traded nature of the good and its substitutability with other 
sources of supply.  If the productivity improvement is only experienced by the local 
producer, then the local price of the good will fall relative to foreign producers – 
foreign and domestic users will substitute local production for foreign production.14  
The output demand curve (either DOe or DOi) will shift outwards making it more 
likely that the local producer will gain.  Further, if the local producer is a major 
exporter of the good then the output demand curve is more likely to be less elastic, 
indicating market power.  A less elastic output demand curve makes it more likely 
that the producer will lose from the productivity improvement as increases in output 
will strongly affect the world price of the good. 

The above algebraic and graphical analysis could be reframed to include a number 
of processing stages through which the primary product (e.g., wool) passes.  In this 
case, panel (b) could be interpreted as showing demand for wool by the scouring 
industry, or it could be interpreted as showing demand for wool garments by 
consumers.  In either case, the general points made above will still hold.  Assuming 
a multistage production system adds a further complication; the degree of input 
substitution between the processed form of the primary product and other inputs in 
an intermediate production stage, e.g., substitution between wool tops and synthetic 
textiles in the production of blended wool yarns.  A priori, the more substitutable 
the primary producer’s outputs are with other commodities in intermediate 
production stage, the more elastic will total demand be for the primary producer’s 
outputs.  

The above discussion identifies the important parameters in determining whether 
research benefits primary producers in the form of higher rents in the short run.  The 
importance of these parameters has been demonstrated in the theoretical and applied 
literature on this topic.  Freebairn et al. (1982) demonstrated the importance of the 
elasticity of demand relative to the elasticity of supply in determining the 
distribution of the gain between producers and consumers, from research at 
different stages in a multistage production system.  For a given supply curve, the 
more elastic the demand curve for the final output, the greater will be the absolute 
gain for the primary producer.  In a similar analytical setting to Freebairn et al., 

                                              
14  The demand curves in figure 5, panel (b) are drawn holding the price of substitutes constant. 
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Alston and Scobie (1983) showed that where the elasticity of substitution between 
the producer’s inputs is not zero, it is possible for the producer to lose from research 
that occurs in primary or later stages of production.  Holloway (1989) derived 
necessary and sufficient conditions for farmers to gain from off farm research under 
various assumptions regarding the types of technical change and production 
technologies.  The conditions show the importance of the relative sizes of the 
elasticity of demand for the retail product and the intermediate products in 
determining whether the farmer gains or not.  Mullen et al. (1989) demonstrated that 
(i) Australian wool producers gain more when research is assumed not to spread 
from Australia to other regions,15 and (ii) Australian wool producers gain less, the 
more substitutable wool inputs are with nonwool inputs in processing stages.   

Table 7, panel (a) presents the results of short run simulations evaluating the 
benefits to wool producers of R&D at all stages of production through which wool 
passes, using the assumptions regarding transformation and substitution surfaces 
outlined in the model description earlier.  When R&D at a given production stage is 
assumed to spread from Australia to other regions (research leakage), Australian 
wool growers’ welfare falls from R&D at all production stages (column 1).  In 
terms of the earlier analysis, the negative effects of research on producer’s surplus 
are greater than the positive effect of research on producer’s surplus: 
( )F F F F

jr ir jr jr iraf crsh pcrsh qf crshσ σ+ > .  For on-farm research the loss is nearly 

twice that for research at any other any production stage.  When off-farm research is 
undertaken, the initial negative term ( )F F

jr iraf crshσ  is avoided , however this 

causes the cost-reducing effect 0F
jrpcrsh <  to be much smaller and thus the output-

expanding effect ( )F
jr irqf crshσ  is negative rather than positive; in sum, producer’s 

surplus still falls.  In terms of figure 5, when research is off farm, the initial fall in 
rents from a productivity improvement (the shift from DF1 to DF2) is much smaller.  
Despite this, rents still fall as output contracts rather than expands due to the 
improvement in productivity by the users of raw wool and the absence of an 
outward supply shift (from SO1 to SO2).   

                                              
15  This result was first demonstrated for the wool industry by Edwards and Freebairn (1984). 
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Table 7 Per cent change in Australian wool growers’ welfare from R&D at 
different stages of production under various scenarios 

 (a) Standard model parameters 
 Short Run (real producer’s surplus) Long Run (real value added) 
R&D in: (1)  

R&D in all regions  
(2) 

R&D in Australia 
only 

(3) 
R&D in all regions 

(4) 
R&D in Australia 

only 
Sheep industry -5.31 -0.40 -1.08 0.24 
Scouring  -1.85 -0.69 -0.54 0.16 
Carding/combing -1.76 -0.39 -0.52 0.19 
Spinning -2.42 0.00 -0.76 0.00 
Weaving -2.21 0.00 -0.75 0.00 
Garment making -2.12 0.01 -0.62 0.00 
 (b) Standard model parameters but Cobb-Douglas substitution for sheep meat 

and wool garments in all regions 
 Short Run (real producer’s surplus) Long Run (real value added) 
R&D in: R&D in all regions R&D in Australia 

only 
R&D in all regions R&D in Australia 

only 
Sheep industry -4.55 -0.32 -1.02 0.25 
Scouring  -1.77 -0.66 -0.52 0.17 
Carding/combing -1.67 -0.37 -0.49 0.20 
Spinning -2.25 0.00 -0.71 0.00 
Weaving -1.94 0.00 -0.67 0.00 
Garment making -1.02 0.01 -0.26 0.00 
 (c) Standard model parameters but Cobb-Douglas factor substitution for wool 

growers in all regions 
 Short Run (real producer’s surplus) Long Run (real value added) 
R&D in: R&D in all regions R&D in Australia 

only 
R&D in all regions R&D in Australia 

only 
Sheep industry -1.67 -0.08 -0.89 0.25 
Scouring  -0.77 -0.28 -0.50 0.16 
Carding/combing -0.74 -0.16 -0.48 0.19 
Spinning -1.02 0.00 -0.70 0.00 
Weaving -0.94 0.00 -0.69 0.00 
Garment making -0.91 0.00 -0.57 0.00 
 (d) Standard model parameters but elasticities of substitution between wool and 

synthetic inputs doubled for spinning industries in all regions 
 Short Run (real producer’s surplus) Long Run (real value added) 
R&D in: R&D in all regions R&D in Australia 

only 
R&D in all regions R&D in Australia 

only 
Sheep industry -4.71 -0.08 -0.95 0.37 
Scouring  -1.32 -0.51 -0.39 0.18 
Carding/combing -1.05 -0.27 -0.33 0.18 
Spinning -2.08 0.00 -0.73 0.00 
Weaving -1.92 0.00 -0.70 0.00 
Garment making -1.91 0.01 -0.59 0.00 

Wool growers lose more from research in spinning (and later production stages), 
than in earlier stages.  On-farm and early-stage (scouring, carding/combing) 
research reduces the price of wool inputs for the yarn industries, leading to 
substitution of wool inputs for synthetic textiles .  This helps reduce the overall loss 
to wool growers from on-farm and early-stage research.  Spinning and other later-
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stage research has no price-reducing effect on wool inputs, so there is very little 
substitution of wool inputs for synthetic textiles.  This increases the overall loss to 
wool growers from spinning and other later-stage research.   

When no research leakage is assumed, Australian wool growers’ welfare still falls 
from on-farm and early-stage research and is unaffected by research at other stages 
(column 2).  The spinning, weaving and garment-making industries are very small 
in Australia and, hence, have little effect on the overall demand for raw wool when 
they experience productivity enhancements.  The significant difference here is the 
losses for Australian wool growers are much, much smaller than when research 
leakage is assumed.  With no research leakage the price of Australian wool 
growers’ outputs (sheep meat and greasy wool) fall relative to overseas production, 
inducing substitution of Australian output for foreign output – the term 
( )F

jr irqf crshσ  is much larger and the demand curve in panel (b) of figure 5 shifts 

outwards.  The ability of wool growers to transform between wool and sheep meat 
helps mitigate the overall negative effect on producer’s surplus; Australian sheep 
meat exports are only a small share of world exports, which allows Australian sheep 
meat output to expand without much effect on the world price, whereas large 
expansions in greasy wool lead to strong falls in the world price due to Australian 
wool growers’ market power. 

We can test the importance of the theoretical results discussed earlier in order to 
inform us on the reasons for wool growers’ losses.  Panel (b), columns (1) and (2) in 
table 7 presents short run results when Cobb-Douglas substitution is assumed for 
sheep meat and wool garments.  Here we are testing the importance of the final 
demand elasticities on producer’s surplus when research is undertaken.  In the 
standard case the (own-price) elasticity of (final) demand for sheep farmers’ outputs 
across regions range from -0.08 to -0.56 for sheep meat, and from -0.35 to -0.45 for 
wool garments.  Thus the average elasticity for the final product is around -0.5 or 
less.  This indicates that sheep farmers face relatively inelastic demand for their 
output – like DOi in figure 5.  Raising the absolute value of all price elasticities for 
sheep meat and wool garments to unity (Cobb-Douglas substitution) leads to a 
larger expansion in sheep producers’ output compared to the standard case, but the 
increase in output is only marginal.  And all of this increased output is due to 
greater sales of sheep meat.  Why is this?  The answer lies in the strength of the link 
between the costs of primary production and the price of the final good.  In the case 
of sheep meat, the link is direct and strong – a one per cent improvement in 
productivity of the global sheep industry leads to about a two per cent fall in the 
global price of sheep meat paid by households.  In contrast, the same productivity 
improvement leads to about a 0.05 per cent fall in the global price of wool garments 
paid by households – in this case the link between the costs of primary production 
and the price of the final good is indirect and weak.  The reason being that 
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processed wool only represents around one-quarter of the cost of producing wool 
garments (see table 4).  The higher demand elasticities reduce the loss in Australian 
wool growers’ welfare from research at all stages of production compared with the 
standard case.  But the reduction in losses is not large; a higher elasticity of demand 
for the final product does lead to a greater expansion in output from research-
induced technical change, (from qo1 to qoe in figure 5) but this is not enough to 
overturn the loss for the Australian sheep farmer.  This suggests that, ceteris 
paribus, the final demand elasticities would need to be much higher (implausibly 
so) to offset the adverse effects of other parameters on producer’s surplus.   

Next we test the importance of the factor substitution possibilities on the gains to 
the sheep industry from research.  Surprisingly, the importance of factor substitution 
in the sheep industry has been untested in the theoretical and applied literature on 
this topic – none of the previously mentioned studies (or other studies that we are 
aware of) has directly modelled factor inputs to the primary producer or the sheep 
industry.  In the standard case, the CRESH elasticities of factor substitution used for 
all sheep producers range from 0.1 to 0.6, so the absolute value of the average 
elasticity is much less than one.  Columns (1) and (2) in panel (c) of table 7 present 
the short run results of assuming Cobb-Douglas factor substitution by all sheep 
producers.  The results indicate that higher substitution possibilities for factors of 
production lead to much smaller losses for sheep producers.  Losses for Australian 
sheep producers are much smaller because the two initial negative effects of a 
productivity improvement, ( )F F F

jr ir jraf crsh pcrshσ⎡ ⎤+⎣ ⎦ , are much smaller because 
F
ircrshσ  now equals one rather being less that one, and thus the general reduction in 

factor prices, F
jrpcrsh , is also much smaller.  The smaller second effect also reflects 

an increased ability for the producer to substitute fixed for variable factors, as the 
productivity improvement reduces the relative price of fixed factors, but raises the 
relative price of variable factors.  In terms of figure 5, the smaller the initial 
reduction in the price of fixed factors (from pf1 to pf2 in figure 5), the more likely it 
is that the subsequent shift down in the producer’s supply curve due to lower costs 
(from SO1 to SO2 in figure 5) and expansion in output (from qo1 to qoe), will be 
large enough to raise rents in the short run.  Cobb-Douglas factor substitution 
applies a unitary price elasticity to the factor demand curves, causing smaller initial 
reductions in the prices of fixed factors and rents in the short run.  Altering the 
factor substitution elasticities has a much greater effect on producers’ losses in the 
short run than changing the retail demand elasticity.  Factor substitution possibilities 
directly and strongly affect the behaviour of the producer in the short run, whereas 
retail demand possibilities only have a indirect and weak effect on the behaviour of 
the producer.   
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The most studied aspect of substitution possibilities in the multistage wool 
production system is between inputs used by off-farm users of wool (that is, from 
scouring through to garment making).  Alston and Scobie’s results show that as the 
elasticity of substitution between farm output and other products in the production 
of the retail product increases, the absolute gain to farmers from on-farm research 
also increases.  This result was confirmed by Mullen et al. using a numerical model 
of the world wool top industry.  In contrast, Alston and Scobie also found that gains 
to farmers decreased from off-farm research when this same elasticity of 
substitution is increased.  We test these results by doubling the elasticities of 
substitution between wool tops and synthetic textiles by the spinning industries 
producing blended yarns.   

In the standard case, the CES elasticity of substitution between wool tops and all 
other intermediate inputs range from 0.6 to 1.9; for synthetic textiles a value of 0.5 
is used.  The short run results of doubling the elasticities of substitution between 
wool tops and synthetic textiles by the spinning industries appear in table 7, panel 
(d), columns (1) and (2), and they show that losses to wool growers decrease 
compared with the standard case.  By increasing substitution between wool tops and 
synthetic textiles, spinning industries can now more easily substitute into wool tops 
when they become cheaper from on-farm or early-stage research.  Hence, greasy 
wool output expands by more compared to when less substitution is possible.  In 
contrast to results from previous studies, the effect on wool growers’ welfare of 
increased substitution possibilities between wool and other inputs is the same 
regardless of which stage in the production system experiences research – greater 
substitution possibilities reduce the losses in Australian wool growers’ welfare.   

Long run effects on producer welfare 

In the long run, sheep producer welfare is measured using valued added deflated by 
the CPI – see equation (1.9); producer welfare will now be a function of the price 
and quantity of primary factors.  The long run supply curves for labour and capital 
faced by the sheep industry are almost horizontal in the model, therefore only small 
price changes are observed from demand shifts.  Thus, we can approximate the 
change in the prices of labour and capital by zero.  For land, the supply curve faced 
by the sheep industry is very steep, so that significant price changes are observed 
from very small demand shifts.  The share of land rentals in value added, however, 
are around one-third, so the main determinants of the price of value added will be 
the prices of labour and capital which will be approximately zero.  In essence, the 
determinants of the demand for all factors will explain most of the change in valued 
added.  Thus, we focus on equation (1.4), drop the exogenous variable, F

ijraf , and 
sum over all factors using the appropriate shares.  The relative price term, 
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( )F F F F
ir ijr ijr jrcrsh pf af pcrshσ + − , will be approximately zero when summed over all 

factors.  This gives 

 F F
jr jr jrqf qf af= + , j Sheep= , (1.11) 

where the primary factor composite variable has been replaced by the equation 
determining it.  Equation (1.11) says that demand for the primary factor composite, 
which we will use as a proxy for value added, is a function of the industry’s activity 
level and Hicks-neutral technical change.  It is obvious that jrqf  will have a positive 
effect on producer welfare if output expands, and F

jraf  will have a negative effect as 
it is set equal to -1 in the simulations.  Therefore, the long run effects on producer 
welfare will be positive if output expands by more than the productivity 
improvement, and negative if output expands by less than the productivity 
improvement.   

Columns (3) and (4) of table 7 present the long run results of the experiments 
described in the previous section.  When research leakage occurs [column (3)] 
Australian wool growers still lose from research at all production stages, and still 
lose more from on-farm research than from off-farm research. Further, Australian 
wool growers still lose more from research in spinning (and later production stages), 
than in earlier stages. All of these patterns are consistent with the short run results.  
In the long run, however, the losses to wool growers are much smaller as all factors 
of production are now variable.  Wool growers can now vary their inputs of capital 
and land, as well as labour and intermediate inputs, so as to exploit lower prices by 
increasing factor usage.  Despite this, wool growers’ welfare still falls from research 
at all production stages.  In terms of equation (1.11), the expansion in output is less 
than the productivity improvement of one per cent.  Here, the combination of (i) the 
relative unimportance of wool inputs in the costs of producing wool garments, (ii) 
the inelastic demand for wool garments and sheep meat, and (iii) market power by 
the Australian wool producer, ensure that Australian wool growers still lose in the 
long run from research that leaks to foreign producers.   

When no research leakage is assumed [column (4)], Australian wool growers 
benefit from on-farm and early stage research.  This is true for all substitution 
possibilities [panels (a)–(d) in table 7]; the gain is largest when high substitution 
elasticities are assumed between wool tops and synthetic inputs by the spinning 
industries.  Further, the gains from on-farm research exceed the gains from early-
stage research under all scenarios.  In the long run, the combination of no research 
leakage and on-farm or early-stage research is the only scenario under which 
Australian wool growers benefit from research.  By employing research which is 
specific to Australian conditions (and/or patentable), the price of Australian wool 
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(and sheep meat) falls relative to other suppliers causing substitution of Australian 
wool (and sheep meat) for foreign wool (and sheep meat).  Thus, the highly traded 
nature of the sheep industry’s outputs seem crucial in modelling the quantitative 
research benefits to the sheep industry.   

5 Discussion and concluding comments 

Using the numerical model presented in this paper, we have identified some of the 
important characteristics of the world wool market which affect the benefits to wool 
growers from research at different production stages.  On the supply side, the high 
degree of fixity of factors of production used by the sheep industry (particularly 
land), and low substitutability between inputs, adversely affects wool growers in the 
short run when research is conducted at any stage of production.  In the longer run, 
with all factors variable this adverse effect is removed.  

On the demand side, two factors are important.  First, the degree of market power 
held by wool growers: the dominant export position of Australian wool growers 
gives them market power, so that they face a downward-sloping demand curve for 
their wool.  Thus research-induced expansions in output drive down their terms of 
trade leaving them worse off both in the short run and in the longer run.  Working 
against this effect is the joint product nature of the sheep industry.  Australian wool 
growers have little market power in sheep meat and so can expand their output of 
sheep meat without any significant change in the price they receive.  The ability to 
substitute into sheep meat, when the price of wool falls relative to sheep meat, 
cushions the adverse effect on Australian wool growers’ terms of trade from a 
research-induced output expansion.  This effect has not been captured in previous 
work.  Second, the relatively inelastic nature of demand for sheep meat and wool 
garments means that all wool growers face relatively inelastic demand for their 
output.  For Australian producers the combination of market power in wool and 
relatively inelastic demand for sheep meat and wool garments, combine to ensure 
that moving down their demand curve from a shift in their supply curve (due to 
research), or the supply curve of industries who use wool as an input, will lead to 
adverse welfare effects, both in the short run and in the longer run.  It is only when 
users of wool shift their demand from foreign producers to Australian producers 
(the demand curve faced Australian producers shifts out), due to a fall in the relative 
price of Australian growers’ outputs, combined with variability in all factors of 
production (the long run), do Australian wool growers gain from research which is 
either on farm or in the early stages of production.  For such a demand shift to occur 
requires that such research is either (i) specific to Australian conditions, and/or (ii) 
patentable.  Otherwise, research leaks to foreign producers conferring no advantage 
to Australian wool growers under any plausible conditions. 
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Using a computable general equilibrium model of the world wool market, we have 
found that Australian wool producers will lose, in the short run, from all research at 
any stage of production, regardless of whether that research is adopted by foreign 
competitors: this is the case under a wide range of parameter settings.  We have also 
found that Australian wool producers will gain, in the long run, from on-farm and 
early-stage research if that research is not adopted by foreign competitors: this 
result is also robust under a wide range of parameter settings.   

Using a simple partial equilibrium model, Edwards and Freebairn demonstrated that 
Australian wool producers will lose from on-farm research if the research is fully 
adopted by foreign competitors.  We have confirmed this earlier result using a 
sophisticated analytical framework.  Further, our results indicate that even when 
there is no research leakage, the welfare gains to Australian wool producer are 
small; a one per cent improvement in the productivity of all inputs increases welfare 
by around one-quarter of one per cent in the long run.  Although the gains to wool 
producers are small, they are not negative under these circumstances, therefore they 
cannot be classed as immiserising technical change (see Alston and Martin, 1995).  
Our results suggest a number of implications for policy.  First, only on-farm R&D 
that is specific to Australian conditions should be funded from producer levies. If 
this condition cannot be satisfied then the levy should be returned to the grower.  
Second, levies used to fund promotional activities will unambiguously increase 
producers’ welfare (as both the price and quantity of output will rise), however the 
gains to the primary producer may be small in comparison to later-stage producers, 
which raises a distributional issue.   
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Appendix A  WOOLGEM industries and commodities 
Industries Commodities 

1. Sheep 1. Sheep meat 
2. Scoured wool <20 microns, <56 millimetres 2. Greasy wool <20 microns, <56 millimetres 
3. Scoured wool 20-23 microns, <56 millimetres 3. Greasy wool 20-23 microns, <56 millimetres 
4. Scoured wool >23 microns, <56 millimetres 4. Greasy wool >23 microns, <56 millimetres 
5. Scoured wool <20 microns , 56-65 millimetres 5. Greasy wool <20 microns , 56-65 millimetres 
6. Scoured wool 20-23 microns, 56-65 millimetres 6. Greasy wool 20-23 microns, 56-65 millimetres 
7. Scoured wool >23 microns, 56-65 millimetres 7. Greasy wool >23 microns, 56-65 millimetres 
8. Scoured wool <20 microns, >65 millimetres 8. Greasy wool <20 microns, >65 millimetres 
9. Scoured wool 20-23 microns, >65 millimetres 9. Greasy wool 20-23 microns, >65 millimetres 
10. Scoured wool >23 microns, >65 millimetres 10. Greasy wool >23 microns, >65 millimetres 
11. Carbonised wool <20 microns, <56 millimetres 11. Scoured wool <20 microns, <56 millimetres 
12. Carbonised wool 20-23 microns, <56 millimetres 12. Scoured wool 20-23 microns, <56 millimetres 
13. Carbonised wool >23 microns, <56 millimetres 13. Scoured wool >23 microns, <56 millimetres 
14. Worsted top <20 microns , 56-65 millimetres 14. Scoured wool <20 microns , 56-65 millimetres 
15. Worsted top 20-23 microns, 56-65 millimetres 15. Scoured wool 20-23 microns, 56-65 millimetres 
16. Worsted top >23 microns, 56-65 millimetres 16. Scoured wool >23 microns, 56-65 millimetres 
17. Worsted top <20 microns, >65 millimetres 17. Scoured wool <20 microns, >65 millimetres 
18. Worsted top 20-23 microns, >65 millimetres 18. Scoured wool 20-23 microns, >65 millimetres 
19. Worsted top >23 microns, >65 millimetres 19. Scoured wool >23 microns, >65 millimetres 
20. Worsted blend yarn 20. Carbonised wool <20 microns, <56 millimetres 
21. Worsted pure lightweight yarn 21. Carbonised wool 20-23 microns, <56 millimetres 
22. Worsted pure heavyweight yarn 22. Carbonised wool >23 microns, <56 millimetres 
23. Woollen blend yarn 23. Worsted top <20 microns , 56-65 millimetres 
24. Woollen pure yarn 24. Worsted top 20-23 microns, 56-65 millimetres 
25. Worsted blend woven fabric 25. Worsted top >23 microns, 56-65 millimetres 
26. Worsted pure lightweight woven fabric 26. Worsted top <20 microns, >65 millimetres 
27. Worsted pure heavyweight woven fabric 27. Worsted top 20-23 microns, >65 millimetres 
28. Worsted knitted fabric 28. Worsted top >23 microns, >65 millimetres 
29. Woollen blend woven fabric 29. Noil <20 microns, >56 millimetres 
30. Woollen pure woven fabric 30. Noil 20-23 microns, >56 millimetres 
31. Men’s worsted blend woven garments  31. Noil >23 microns, >56 millimetres 
32. Women’s worsted blend woven garments  32. Worsted blend yarn 
33. Men’s worsted pure woven garments  33. Worsted pure lightweight yarn 
34. Women’s worsted pure woven garments  34. Worsted pure heavyweight yarn 
35. Men’s worsted knitted garments 35. Woollen blend yarn 
36. Women’s worsted knitted garments 36. Woollen pure yarn 
37. Men’s woollen blend woven garments  37. Worsted blend woven fabric 
38. Womens’ woollen blend woven garments  38. Worsted pure lightweight woven fabric 
39. Men’s woollen pure woven garments  39. Worsted pure heavyweight woven fabric 
40. Womens’ woollen pure woven garments  40. Worsted knitted fabric 
41. Woollen knitted blend garments  41. Woollen blend woven fabric 
42. Woollen knitted pure garments  42. Woollen pure woven fabric 
43. Other industries 43. Men’s worsted blend woven garments  
 44. Women’s worsted blend woven garments  
 45. Men’s worsted pure woven garments  
 46. Women’s worsted pure woven garments  
 47. Men’s worsted knitted garments 
 48. Women’s worsted knitted garments 
 49. Men’s woollen blend woven garments  
 50. Womens’ woollen blend woven garments  
 51. Men’s woollen pure woven garments  
 52. Womens’ woollen pure woven garments  
 53. Woollen knitted blend garments  
 54. Woollen knitted pure garments  
 55. Synthetic textiles 
 56. Other goods 
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Appendix B  WOOLGEM parameter values 

CRESH elasticities of factor substitution, sheep industry 
 Land Labour Capital Average  

(factor share weighted) 
France 0.20 0.35 0.25 0.29 
Germany 0.20 0.35 0.25 0.30 
Italy 0.20 0.35 0.25 0.30 
UK 0.20 0.35 0.25 0.27 
USA 0.60 0.10 0.40 0.13 
Japan 0.60 0.10 0.40 0.29 
China 0.40 0.20 0.60 0.31 
Australia 0.60 0.10 0.40 0.29 
ROW 0.40 0.20 0.60 0.37 

CES elasticities of factor substitution, by broad industry and region 
 Scoured 

wool 
Carbon 
wool 

Worsted 
tops 

Wool 
yarns 

Wool 
fabrics 

Wool 
garms 

Other 
indust 

Average 

France 0.30 0.30 0.30 0.30 0.30 0.60 1.50 1.50 
Germ 0.30 0.30 0.30 0.30 0.30 0.60 1.50 1.50 
Italy 0.30 0.30 0.30 0.30 0.30 0.60 1.50 1.49 
UK 0.30 0.30 0.30 0.30 0.30 0.60 1.50 1.50 
USA 0.30 0.30 0.30 0.30 0.30 0.60 1.50 1.50 
Japan 0.30 0.30 0.30 0.30 0.30 0.60 1.50 1.50 
China 0.15 0.15 0.15 0.15 0.15 0.30 0.50 0.50 
Aust 0.30 0.30 0.30 0.30 0.30 0.60 1.50 1.50 
ROW 0.15 0.15 0.15 0.15 0.15 0.30 1.00 1.00 

Elasticities of substitution between imports from different regions, and between composite 
imports and domestically-produced commodities, by broad commodity, and region 
 France Germ Italy UK USA Japan China Aust ROW 
Sheep meat 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Greasy wool  20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Scoured wool 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Carbon wool 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Worsted tops 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Noils 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Wool yarns 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 
Wool fabrics 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 
Wool garms 11.25 11.25 11.25 11.25 11.25 11.25 11.25 11.25 11.25 
Synth textiles   7.50   7.50   7.50   7.50   7.50   7.50   7.50   7.50   7.50 
Other goods   2.00   2.00   2.00   2.00   2.00   2.00   2.00   2.00   2.00 
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Elasticities of substitution between composite intermediate inputs, by broad commodity, 
and region 
 France Germ Italy UK USA Japan China Aust ROW 
Sheep meat 0 0 0 0 0 0 0 0 0 
Greasy wool  0 0 0 0 0 0 0 0 0 
Scoured wool 0 0 0 0 0 0 0 0 0 
Carbon wool 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 
Worsted tops 0.6 0.6 0.6 0.6 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 
Noils 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 1.0 – 1.9 
Wool yarns 0 0 0 0 0 0 0 0 0 
Wool fabrics 0 0 0 0 0 0 0 0 0 
Wool garms 0 0 0 0 0 0 0 0 0 
Synth textiles 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Other goods 0 0 0 0 0 0 0 0 0 

Income elasticities by broad commodity, and region 
 France Germ Italy UK USA Japan China Aust ROW 
Sheep meat 0.430 0.280 0.280 0.200 0.360 0.490 1.120 0.170 0.530 
Wool garms 0.760 0.850 0.830 0.850 0.710 0.840 0.920 0.870 0.820 
Synth textiles 0.760 0.850 0.830 0.850 0.710 0.840 0.920 0.870 0.820 
Other goods 1.002 1.002 1.002 1.001 1.002 1.001 1.002 1.000 1.003 

Compensated own price elasticities, by broad commodity, and region 
 France Germ Italy UK USA Japan China Aust ROW 
Sheep meat -0.215 -0.140 -0.140 -0.100 -0.180 -0.245 -0.560 -0.085 -0.265 
Wool garms -0.379 -0.422 -0.412 -0.423 -0.354 -0.418 -0.455 -0.434 -0.408 
Synth textiles -0.379 -0.423 -0.415 -0.424 -0.354 -0.419 -0.457 -0.435 -0.407 
Other goods -0.003 -0.005 -0.004 -0.003 -0.003 -0.003 -0.009 -0.001 -0.007 

 


